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Abstract

Theorists and educators increasingly highlight the importance of computational thinking
in STEM education. While various scaffolding strategies describe how to best support this
skillset (i.e., paired programming, worked examples), less research has focused on the
design and development of these digital tools. One way to support computational thinking
and data science is through block coding and other ways that visualize the coding process.
However, less is known about the learning experience design of these tools. Based on this
gap, this work-in-progress study compared the learning experience design of novices and
those with more advanced understanding of computational thinking. Results found differ-
ences emerge in the perceived dynamic interaction and scaffolding constructs of learning
experience design. Implications for theory and practice are discussed.

Keywords Computational thinking - Scaffolding - STEM - Data science

1 Introduction

Over the past fifteen years, computational thinking (CT) has become popular in education
circles, leading to many proposals for standards and curricular frameworks (Computer Sci-
ence Teachers Association, 2017; K-12 Computer Science Framework Steering Committee,
2016). The current interest can largely be traced back to an influential opinion piece by
the computer scientist Wing (2011), who defined CT as “the thought processes involved in
formulating problems and their solutions so that the solutions are represented in a form that
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can be effectively carried out by an information-processing agent” (Wing, 2011, p. 20). This
definition is aligned with previous notions of algorithmic thinking and procedural thinking
(Tedre & Denning, 2016), and has somewhat overshadowed an alternative perspective on
CT arising from computational science, one that focuses on modeling processes and analyz-
ing datasets. From the computational science view, CT is about using computers to think
about phenomena rather than using computers to change how we think. It is evident in fore-
casts of the weather, visualizations of particle collisions, and discovery of disease markers
in genetic databases. This science-first view of CT aligns with simulation and the focus of
the present study, data science education. We are especially interested in early acquisition
of CT concepts that are necessary for understanding and manipulating scientific datasets.

An important element of computational thinking and data science includes the interac-
tion of the tools used to think about and support this STEM skillset. Whereas previous lit-
erature explored computational thinking learning outcomes (e.g., posttest scores) (Shute et
al., 2017), theories and studies are increasingly exploring the designs CT learning environ-
ments and how to embed specific scaffolds, such as paired programming support, worked
examples, and others (Hsu et al., 2018; Wang et al., 2021). The evolution of these supports
thus highlights the importance of the human-computer interaction aspect of these learn-
ing tools, also known as learning experience design (LXD). Although competing defini-
tions have recently emerged to better understand HCI within education (Chang & Kuwata,
2020; Gray, 2020), LXD can be broadly defined as interactions with technology that support
human-centered learning (Tawfik et al., 2022). To date, the learning outcomes of interac-
tions have been implicitly referenced through other constructs, such as extraneous cognitive
load (Novak et al., 2018), effort expectancy (El-Masri & Tarhini, 2017), and others. How-
ever, theorists increasingly advocate for a more holistic view of learning experience design
that considers both technical (e.g. usability, UX) and cognitive considerations embedded
within interactions. Others have also expanded this definition to focus on goal-oriented
behavior or broader socio-technical components of learning experience design (Gray, 2020;
Jahnke et al., 2020).

Although there is growing discourse about CT and data science, there are few empiri-
cal studies that specifically detail the unique interaction patterns for complex learning pro-
cesses. In many cases, this aspect was often briefly considered as part of the summative
evaluation phase during the design and development of learning technologies (Lu et al.,
2022). Given the lack of dedicated research focus, Novak et al. (2018) commented that
“despite a growing body of research in the area of digital learning and information pro-
cessing, the literature on how people process and interact with information on electronic
devices and computers is still very scarce” (p. 151). This is important as CT expands beyond
practitioners and becomes more embedded in various curricula (e.g., pre-service teaching;
data science students) that cater to diverse skill sets and their unique user-needs. It is further
important to understand the interaction patterns to ensure CT and data science are acces-
sible across a broader array of learners. This specific work-in-progress study attempts to
address this gap, especially as it explores LXD patterns as different types of learners (nov-
ices, advanced) interact with CT tools. The article first outlines the literature describing
computational thinking, especially differences that emerge in experts and novices. We also
describe the emergence of LXD as a field of study, including the varying definitions and
empirical research around the phenomenon. Finally, we present a study that looks at the
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LXD of novices and advanced CT learners using a tool designed to scaffold specific aspects
of computational thinking and data science education.

2 Literature Review
2.1 Emergence of Computational Thinking

Although the current interest in CT was largely sparked by Wing (2011), the history of CT
can be traced back some 50 years prior (Tedre & Denning, 2016). Despite this long history,
or perhaps because of it, there is no consensus definition of CT, and NRC workshops on CT
have shown a variety of viewpoints (National Research Council, 2010, 2011). Perhaps the
most prominent is Wing’s definition, which can be summarized as “think like a computer
programmer.“ As discussed by Tedre & Denning (2016), Wing’s definition is consistent with
previous perspectives on procedural and algorithmic thinking that attempted to capture what
made computer science distinct from mathematics. This perspective on CT takes a micro
view; that is, one that focuses on key characteristics of computational thinking rather than
the goals or products of computational thinking. Example characteristics include abstrac-
tion, decomposition, parallel processing, and debugging. However, a close inspection of the
perspectives raised in the NRC workshops on CT suggests that most other definitions take a
macro view that focuses on the goal and products of CT. The precise goals and products tend
to be discipline-specific and aligned with the use of computers in that discipline. Engineer-
ing-based disciplines primarily view CT in terms of problem solving, since it is common
to program computers to find custom solutions in these fields. Fields that do not program
computers instead focus on using existing software in creative ways to achieve goals, such
as scientific fields focus on building models and analyzing data. Notably these models are
runnable process models, like simulations, rather than traditional box and arrow models best
thought of as diagrams. Rather than solving a specific problem, these models and analyses
are aimed at providing an understanding or explanation of the phenomena in question.

While these micro and macro views may seem irreconcilably different, they in fact share
a deep commonality that can be traced back to Papert (1980), who appears to have been
the first to use the term “computational thinking” in the modern sense. Papert’s orienta-
tion matched Wing’s in the sense that he viewed CT as a kind of thinking developed from
programming computers. However, Papert’s view is also deeply rooted in microworlds,
computer-based simulations of the world. Papert’s Logo learning environment included a
robot named “turtle” and a graphical replica of it, referred to as a “display turtle” (Papert,
1980; Solomon et al., 2020), and a quintessential activity in Papert’s instruction would be
for a child to program the turtle to do something in a microworld. For example, a child
would give the turtle simple commands to move it a certain number of spaces and in a par-
ticular direction on the screen [e.g., turtle.forward (1)] and then in different directions [e.g.,
turtle, right (12) to draw a shape] (Li et al., 2020; MacConville et al., 2022; Papert 1980).
This activity can be viewed as solving a problem (to make the turtle do something), but it is
also in reference to a model of the world.

Papert also explored microworlds with alternative physics as a means of teaching New-
tonian mechanics. Thus Papert’s early work on CT blended the problem solving view of CT
and the modeling and simulation view of CT. We likewise argue that these views are not
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in conflict, but rather that problem solving in CT always references a model. Sometimes
this model is not as obvious as Papert’s microworlds because it is an abstract information
processing model, or even the model of computation represented by the physical computer.
Scientific analysis-driven CT is an example of CT that references an abstract model, both in
terms of the data (a measurement model) and in terms of the decisions made at each stage
of the analysis (an analytic argument model). Because these models are more abstract than
Papert’s microworlds, they pose a significant challenge to learners in this area of CT.

2.2 Computational Thinking Tools

Tools for CT reflect the micro and macro views of CT, and an examination of these tools
reveals a continuum of CT across disciplines. On the micro end of the continuum, pro-
gramming languages are the principal tool in which they represent an idealized model of
a computer (Du Boulay et al., 1999). Programmers must learn this idealized model and
construct mechanisms by supplying the computer with instructions written in the language
(i.e., programs). To do this correctly, programmers must be able to mentally simulate the
mechanism in order to understand the program’s control flow and how values change as the
program is executed, which is extremely difficult when runtime behaviors of mechanisms
are not visible and have limited feedback (Du Boulay et al., 1999; Soloway, 1986). Modern
programming environments provide various accessory tools to support the programming
task (desRivieres & Wiegand, 2004). Further along the continuum are tools like Simulink
(Chaturvedi, 2017) that are used to create simulations using a higher-level language (e.g.,
block diagrams). Simulink/MATLAB is widely used in engineering disciplines for elec-
tronic and mechanical design. At the macro end of the continuum are pre-built simula-
tors that have abstracted away from programming entirely. Such simulators are often found
in computational science domains, like weather forecasting. For example, the Weather
Research and Forecasting Model (Powers et al., 2017) allows scientists to vary parameters
and initial conditions to study specific weather processes.

It must be stressed that the progression of these tools reflects the maturity of the area
under study, as well as the CT involved. For example, a weather simulator is not created
overnight but rather begins with programming. It is argued that the tools naturally rise to the
level of abstraction appropriate to the CT of the discipline. In many computational sciences,
including those that analyze datasets, it is common to use computational notebooks as a tool
for CT (Kaggle, 2017; Shen, 2014). Computational notebooks combine text, mathematical
equations, code, and graphs into a single document that can be shared with other scientists.
Unlike a traditional report, where the analysis is done elsewhere, computational notebooks
contain the code for the analysis and can be run to create the corresponding results and
graphs. CT with computational notebooks therefore involves programming (e.g., in pro-
gramming languages like Python or R) and makes use of scientific software libraries for
standard analysis tasks like loading data or inferential statistics. Such scientific software
libraries represent an idealized model of solving problems in a scientific domain in much the
same way that programming languages represent an idealized model of a computer.

Against this backdrop, a variety of approaches and tools have emerged to make com-
putational thinking more engaging and relevant to students, while also trying to make pro-
gramming more approachable. Perhaps the largest amount of work has focused on games/
simulations and general multimedia platforms (Armoni et al., 2015; Deng et al., 2020;
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Kalelioglu, 2015), and results have broadly shown greater motivation, self-efficacy, and
enrollment in future CS courses. Virtually all of these approaches over the last 20 years
have used some alternative to traditional text-based programming. A widely used alternative
is blocks-based programming, where LEGO-like blocks representing code are combined
together to create programs (Bau et al., 2017; Resnick et al., 2009). Blocks-based languages,
such as Scratch or Scratch, Jr. are typically graphical interfaces on top of popular general
programming languages, and so can be used to learn coding (Zhang & Nouri, 2019). Blocks-
based programming simplifies traditional programming in several respects. First, blocks are
provided graphically on a palette and can be dragged and dropped onto a workspace to
create a program. As a result, students do not need to memorize programming language
constructs and recall them; instead, they can search through the list of available blocks
until they recognize the block they need. Second, blocks are shaped to fit together only in
allowed ways. This property, together with the reduction in typing associated with blocks,
greatly reduces the chance of syntax errors that are common when learning to program.
Thus blocks-based programming has the potential to enable CT with the same expressivity
as traditional programming, but with reduced extrinsic cognitive load (Olney & Fleming,
2019). It is for these reasons that research shows block-based approaches reduce the initial
complexity of the coding process to learn, which makes CT more accessible to a wide array
of learners (Fagerlund et al., 2021; Moreno-Ledn & Robles, 2016; Popat & Starkey, 2019).

2.3 Learning Experience Design

As emphasis on CT education has grown, the field has developed a number of learning envi-
ronments to support the development of coding skills. A critical component of how learn-
ers engage in computational thinking relates to the design with tools that scaffold learning
(Angeli & Giannakos, 2020). This also places a greater emphasis on the human-computer
interaction aspect of learning technologies. Recently, theorists describe this as learning
experience design (LXD), which details how to consider the learning environment for inter-
action that supports meaningful learning. Related literature focuses on the importance of
interaction and design on engagement in gaming (Annetta et al., 2009; Vann & Tawfik,
2020), immersive realities (Oprean & Balakrishnan, 2020), and other learning environments
(Wijekumar, 2021). Others have explored interaction from traditional UX or usability fac-
tors, such as course structure in design. Beyond just affective outcomes such as engagement,
studies show that poor interaction and UX impacts how learners understand the content as
they traverse the learning environment and its perceived usefulness (Carey & Stefaniak,
2018; Wei et al., 2015). Additional studies describe the impact of interaction and inter-
face design on learning outcomes in terms of retention (Novak et al., 2018), self-directed
learning, (Kim et al., 2021), and collaborative learning (Lemay et al., 2019; Lewin et al.,
2018). Collectively, the empirical studies on LXD conclude that learning through technol-
ogy extends beyond content to include elements of human-computer interaction.

One of the challenges of the current state of ‘learning experience design’ is that UX is
embedded within existing methods and theories. For example, the UX portion is often con-
sidered as a final, summative component of evaluation during the construction of learning
technologies (Lu et al., 2022). In terms of theory, users’ interaction is considered as a sec-
ondary construct within other theories, such as cognitive load theory (Janssen & Kirschner,
2020), unified theory of acceptance and use of technology (UTAUT) (Lemay et al., 2019),
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or pedagogical usability (Bakki et al., 2020). As the importance of interaction within learn-
ing technologies has grown within the literature, various theorists have attempted to formal-
ize aspects of LXD. For example, Chang & Kuwata (2020) defined LXD as “the practice
of designing learning as a human-centered experience leading to a desired goal" (p. 141).
Gray (2020) details constructs that especially consider the socio-technical perspective, such
as aesthetics, knowledge gains in authentic contexts, empowering learners’ unique quali-
ties, and supporting inquiry and action. Toward a more holistic understanding, Jahnke et
al., (2020) describe the dimensions of the social (designing to support collaborative inter-
actions), technological (designing for user-friendliness and usability), and pedagogical
(designing for learning goals, content organization, activities, and assessment). While the
prior researchers are largely theoretical, Tawfik et al. (2022) performed a grounded theory
study and described LXD as a confluence of interaction with the learning environment (cus-
tomization, expectation of content placement, functionality of component parts, interface
terms aligned with existing mental models, and navigation) and interaction with the learning
space (engagement with the modality of content, dynamic interaction, perceived value of
technology feature to support learning, and scaffolding). To better complement the theoreti-
cal basis, additional empirical studies are needed to better understand the learning experi-
ences that support learning outcomes across different domains.

3 Research Question

The aforementioned studies suggest that the LXD of digital tools is an important element
during the learning process. This may be especially true in STEM domains such as com-
putational thinking where there are multiple elements of an interface that individuals must
manipulate during the coding process. While there is a growing call for STEM education,
very few studies have looked at the LXD as individuals use tools that support computational
thinking. Indeed, in a recent systematic review of the CT literature, Zhang and Nouri (2019)
conclude that “human—computer interaction should be considered as being a computational
perspective” (p. 15). Although LXD studies are often focused on novice learners, addi-
tional research is thus needed to understand how different learners interact with the design
affordances and CT supports within these learning environments. Therefore, the purpose of
this LXD study was to compare advanced and novice LXD interactions when users were
provided a learning tool specifically designed to scaffold their CT. Specifically, the research
question to address this gap is as follows:

1. To what degree do more advanced or novice learners perceive their LXD when engag-
ing with tools designed to scaffold their computational thinking?
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4 Methodology
4.1 Design-Based Research

To address this research question, the research team performed in-lab LXD testing of a
block-based visual programming tool called Blockly, which has been incorporated into a
computational notebook called Jupyter Notebook (Olney & Fleming, 2021). As detailed
below, the study tasks users with a series of basic programming tasks. The following sec-
tions describe the processes used to recruit study participants, perform tests, and analyze
data outputs to questions regarding more advanced and novice learners’ perceptions about
their interactions within the learning space. Specifically, the below describes a design-based
research (DBR) study, the goal of which is to iterate through cycles based on specific design
goals to move student thinking in the direction of mastery (Anderson & Shattuck, 2012)
The application of DBR in this context involves research that is in situ or in “naturalistic
contexts” (Barab & Squire, 2004, p. 11), which aligns with the use of think-aloud protocols
during usability testing.

The need for this study arose from feedback from instructors regarding basic obstacles
they witnessed students encountering with the data science learning space deployed dur-
ing the DataWhys summer internship program Memphis. Using LXD testing, the specific
design goal of this study was to uncover what and how aspects of the learning space may
need improvement from the perspective of both more advanced and novice learners. The
focus of experts versus novice users relates back to a main objective of the DataWhys
learning program, which is to teach data science to learners who do not necessarily have
much experience with computational thinking practices. Identification of interaction pat-
terns between these two user groups will help determine future design iterations of the
learning space, including decisions around the degree of scaffolding and other potential
LXD modifications to support learning.

4.2 Participants

Ten college students were recruited from a large research university located in the mid-
south portion of the United States. Five students, later referred to as participants P1-P5
in the Results section, were majoring in education and considered novices in using com-
puter science tools, including computational notebooks and other programming tools. The
other five students, later referred to as participants P6-P10 in the Results section, had taken
college courses in computer programming and had varying degrees of experience using
computational notebooks. Given the research gap and questions, no additional participant
demographic information was taken for this study.

While researchers have debated the optimal number of participants to utilize in qualita-
tive studies, a number of researchers (Budiu, 2021; Nielsen, 2000; Whitenton, 2019) posit
that for qualitative usability studies, adding more users to the same test often does not result
in considerable new findings and UX issues. Nielsen (2000) explains that researchers learn
approximately one-third of what there is to know about the usability of a design from the
first test user. After the fifth user, he argues that very little new knowledge is learned about
the user’s interaction patterns (Nielsen, 2000). Coinciding with this research, the sample
size for this study was 10 participants (5 novice learners and 5 advanced learners).
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4.3 Procedure

Tests were held in-person using a concurrent think-aloud protocol in which participants
say aloud their perceptions as they interact with the software to perform assigned tasks. As
opposed to post-hoc reflection, the goal is for learners to verbally articulate their response
as to more accurately capture their real-time interaction perceptions. In doing so, this meth-
odological approach is able to identify user perceptions, along with potential usability issues
that may be an issue for effective use of technology (Fan et al., 2020). Concurrent think-
aloud protocol is therefore commonly used in usability testing to gain real-time feedback
from users on an interface (Boren & Ramey, 2000; Fan et al., 2019; Reinhart et al., 2022).

After receiving approval from the Internal Review Board, the facilitator presented a
series of on-screen slides. The first few slides welcomed the participants and provided a
conceptual introduction to the software and its intended uses. Next, the facilitator explained
the think-aloud protocol, encouraged participants to ask questions as needed, and reminded
them that they and their computer actions would be recorded on the computer using Zoom.
As per the methodology, they were encouraged to think aloud as they read, clicked, hovered,
dragged, etc., and became acquainted with the interface. After the initial introduction, the
remaining think-aloud tasks were as follows:

Print “hello” 5 times.

Create a block and convert it to code, thinking aloud as you perform each step.
Edit your code in the Jupyter notebook without using blocks.

Explore two ways to copy and paste into different cells.

Ealb el

Upon completion of the user interface tasks, participants were asked post-hoc interview
questions related to their experience. This included questions about how the Blockly and
Jupyter tools worked together, if elements and labeling were clear, and if participants had
any suggestions for opportunities to improve the learning environment.

5 Materials
5.1 Learning Environment

The software used in the study was the computational notebook JupyterLab with a Blockly
extension for blocks-based programming. JupyterLab is an open-source computational
notebook that supports dozens of languages; however, only the Python programming lan-
guage was used in this study. JupyterLab runs in a web browser and presents a computa-
tional notebook as a list of cells (see Fig. 1, right-hand side). Each cell may contain code or
text in a simplified markup language called MarkDown (cf. HTML). As cells are executed,
they display the results of running the code in the cell output area immediately below the
cell. Cells can be cut/copy/pasted, rearranged, and otherwise manipulated using the normal
conventions of a text editor. The Blockly extension (Olney & Fleming, 2021) integrates
Google’s Blockly library for blocks-based programming into JupyterLab (see Fig. 1, left-
hand side), with the additional feature of Intelliblocks, which are blocks that are automati-
cally generated whenever a software library is loaded. Individual blocks are nested under
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Fig. 1 Jupyter Notebook with Blockly Extension. Note. (1) Student combines blocks using Blockly. (2)
Student presses “Blocks to Code.“ (3) Python code corresponding to the blocks appears in the selected
Jupyter cell

categories (e.g., IMPORT) and appear in a pop-out menu when the category label is clicked.
From there, they may be selected and dropped onto the workspace where they may be com-
bined with other blocks. Notably, the FREESTYLE block category contains blank blocks
directly into which Python code can be written. The multiple forms of CT representations
and interactions may thus serve as a way to fade scaffolding within the learning environment
(see Fig. 1).

In the study, the Blockly extension and corresponding notebook were presented side
by side within the JupyterLab interface. As shown in Fig. 1, blocks that were created on
the Blockly side were converted into corresponding Python code in the active cell on the
notebook side when users pressed the “Blocks to Code” button on the lower left-hand side.
Python code generated from blocks always contained an XML comment at the bottom of
the code cell (i.e., starting with #). This XML data was used to reconstruct the blocks in
the workspace if the user navigated to another code cell. In this way, both the Blockly and
notebook sides remained in sync with each other.

5.2 Data Coding

The goal of this study was to explore the ease of use of the Blockly interface when com-
bined with a Jupyter notebook and to gather data on user interactions and perceptions of
the software environment as a tool for learning how to code. After all tests were completed,
the facilitator and primary research assistant transcribed the audio files from the recorded
sessions using Otter, a transcription software. Next, the primary research assistant entered
participants’ transcribed audio into a spreadsheet and created line items based on the most
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Table 1 Interaction with the Interaction with the Definitions

Learning Space Codes and Learning Space

Definitions - - -
Engagement with mo- ~ Thoughts on learning design format, aes-
dality of content thetics, and learner’s desire to engage with

elements used on the learning interface.

Dynamic interaction Interaction that engenders learners’ desire
to continue or discontinue in their self-
directed learning

Perceived value of How learners view the utility of a technol-
technology feature to ogy feature to aide in instruction and
support learning complete a learning task

Scaffolding Cues, hints, etc. that expand upon learn-

ers’ prior knowledge

detailed level of each step within the corresponding task. Upon completion of the inter-
views, the researchers conducted a thematic analysis of line items with the Tawfik et al.
(2022) framework serving as a priori codes. The authors contend that LXD falls within two
broad constructs: interaction with the learning environment and interaction with the learning
space. Given the work-in-progress nature of the study, the researchers especially wanted
to focus on the latter, which explored the specific learning activities given the available
features of the CT tool. The specific codes used to determine interaction with the learning
space consisted of the following: engagement with modality of content, dynamic interac-
tion, perceived value of technology feature to support learning, and scaffolding (see Table 1
for definitions).

Two research assistants individually coded each line item in a spreadsheet, with neither
research assistant having visibility into the other person’s codes. Once each research assis-
tant completed his/her individual coding, they met to compare their codes, discussed justifi-
cation for assigned codes, and came to an agreement regarding the most accurate codes. The
two research assistants completed a second round of analysis based on the four ‘Interaction
with the Learning Space’ codes and reached an agreement on 55% of the line items. After
negotiating the discrepancies, the inter-rater reliability increased to 98%. A senior member
of the research team reviewed the remaining 2% and determined a code to best fit each
based on the team’s definitions.

6 Results
6.1 Interaction Within the Learning Space
6.1.1 Code 1: Engagement with Modality of Content

In general, both novices (i.e., P1-P5) and more advanced users (i.e., P6-P10) described a
positive experience with the construct of engagement with modality of content. For exam-
ple, P2 noted “I have not really done a lot with coding, maybe just the scratch here and
there. And I felt very comfortable.” Similarly, P3 answered, “They 're pretty easy; at first I
was a little confused, but they were pretty straight-forward.” When asked why the learn-
ing environment supported their computational thinking, novices shared that format and
other design features helped their engagement with the learning materials. For example, P3
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mentioned that “It was a little bit more creative and I like how there were different colors”,
while P4 expressed that: “It was fun. It was really cool how you can do different types of
blocks to create different types of codes. I've never coded before. It was really fun.“ One
novice (P4) especially highlighted the following unique visual component of the modality:
“Its like a visual aid and then like the written down code, so it probably helps people [to]
like double check their work or focus more.” In this case, the modality of CT content was
supported through the use of colors and blocks as visual aids.

In addition to the colors and blocks as visual aids, novices also described how the blocks
were especially beneficial to understand computational thinking. P3, a novice learner, elabo-
rated that:

“I think the overall layout is good. I guess just because I'm not really familiar with
how to code and stuff; I was kind of confused, but I think it’s really good. I really like
how you put the blocks together and convert it to the cell, and I understand how to
run the cell”.

Because novices expressed engagement with how the components were designed within
the interface, they underscored how the learning space encouraged them to engage in and
explore other elements of computational thinking. For example, P1 said,

“The only thing I had confusion about was going from the basic starting out to getting
from...which blocks did it put in there to figuring out what to do on all the tasks and
everything else. And then going from, at firststarting to run the code whenever you
actually put it in there.”

As another example, a novice user (P3) mentioned how:

“Trying to figure out what this does on the right. I know there s like a URL. (Referring
to the code that automatically appears in the code cell and is used to convert code
back to blocks.) ‘Import some library as variable name’ from some input variable
name. So you could type A, like so freestyle is pretty much what you could type so
you can put your own codes and math has like sin, square roots. I guess you can add
your own numbers in it=text, color, color with red 100, green 50, blue zero. We could
change the colors”

The above data from the think-aloud responses describes how participants had a desire to
engage with the interface and largely expressed positive feelings about the learning format,
especially the role of color coding during CT.

The more advanced users - those with experience in computer science - also expressed
favorable perceptions about the modality of the data science content. When discussing its
potential use, P6 mentioned that:

“I thought it was really a really cool way to show how the different aspects of code
are linked together. And I thought it was also a good way to introduce the concept
because everyone s used to playing with blocks and puzzle pieces. And it's a good way
to conceptualize programming.”
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Another advanced user, P8, commented positively in saying:

“I was really impressed with it. Yes, I've seen it used, but I havent used it myself. And
I was just kind of skeptical about it, but now actually going through it...it does actu-
ally seem really intuitive and clear”.

As in the case of the novice learners, the quotes suggest that the visual representation of the
blocks was perceived positively when doing their computational thinking task for this group
of learners. When asked about what specifically made the interface engaging for learning,
P8 referenced the modality about seeing the code in multiple formats rather than just dif-
ferent colors:

“I like being able to see that code, like right away, being able to copy and paste the
code once it’s made with the blocks. And also even when they click on the code, you
can see it in the blockly form. Like I thought it was excellent. It's really great”.

Similarly, another advanced user, P10, said,

“Honestly, I feel like it s user friendly, at least to me. You know, I don 't know what age

people will be working with this and things like that, but I felt like everything was a
smooth interface. It made sense what I needed to be doing. I like the layout where you
can have the two screens, you know, right next to each other with still clear resolu-
tion. [It was] an easy interface between the two tabs, you know, all of that felt very
smooth to me”.

In line with novices, the above data suggests learners in the more advanced users referenced
the visual representation of the blocks, and also commented as to how the dual nature of the
visualization supported the CT tasks.

6.1.2 Code 2: Dynamic Interaction

Dynamic interaction describes the reciprocal relationship between the learner and technol-
ogy, with a special emphasis on how the interface progresses the learner towards new tasks.
Although novices were initially clear on how to interpret the interface, they often expressed
confusion as to the next step in their computational thinking. For example, when trying to
perform an action on the print block, P4 noted that

“Okay, I clicked the print block. I see that the print is in red and that the loop of action
is in green. I also see that the five is in parenthesis and the word ‘hello’ is in paren-
thesis, so maybe that indicates that only those things? Like how many times and then
what word is being said?”’

In this instance, the user alludes to a disconnect between the blocks and what actions

would be performed by the code, which impedes their perception of the subsequent task.
When learners did encounter challenges, others highlighted confusion about the outcomes
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and ambiguity as to next interactions. When interacting with the blocks, P6 described the
following:

“I wonder if I could pull it over. Nope, that didn t work. I wonder if I could copy here
and paste it over there. Nope. I see something that says ‘code to blocks’. I'm going to
select this one, then select ‘code to blocks’ and then click ‘play.’ Let’s try another one
and do the same. I clicked ‘code to blocks’ and had that one selected. That doesn't
work. So I have to be inside of this cell. I clicked ‘code to blocks’ and clicked ‘play’
and that did not work.”

As the participant explained, they tested out various elements, but the system response and
next steps remained unclear, which served as a disruption to their dynamic interaction.

In contrast to novices that struggled with this construct, more advanced learners
expressed a desire to test the system when the system did not respond as expected. P6 said
the following:

“I/O is input/output I think. So, can I print the colors? I don t really know what to do
with the colors. Random color. What if we run that? What does that do? Ah, we get an
error ‘Color blend is not defined’. Okay, but it also got rid of all my blocks in here,
which is a little annoying”.

Rather than stop short in their interaction, P6 went on to say,

“I really want to figure out this color stuff because it’s weird. Okay, let’s put that in
there, and let’s pull up a freestyle thing here. And what if we do ‘Print X’ and we do
variables ‘Create variable x’ and we do set x to 123? So if we do ‘blocks to code’ now
and then we do ‘run’, is there a print block?”

Despite no explicit indication of the next CT task, the user tested out different elements;
that is, they were able to generate and describe multiple potential interactions that would
advance the task. In another example, P6 described how he was able to understand the loop
patterns over time:

“So we ‘Control C,’this loop. And we put it in this cell that its already in. ‘Control V.’
We still get the ‘print Paul’ from when I copied it earlier. Can I do this? I wonder what
if I ‘Control C’that and I tried to paste it in here. Did that work? If I copy this, paste
it? Okay. It seems like a ‘Ctrl C’ ‘Ctrl. V' ‘copy paste’ is determined by whichever
window I'm clicked in. Yeah. So I can ‘Control V"’ here all day long. And I will just
keep duplicating this loop. And I can ‘Control V' here all day long”.

In doing so, a key differentiator between novices and more advanced users is that the latter
engaged in iterative testing rather than waiting for the system to prompt the next interaction.
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6.1.3 Code 3: Perceived Value of Technology Features to Support Learning

Because of the design of the system, it was important that users understand how specific
embedded technology features supported learning as they engaged in computational think-
ing. Novice user P3 commented that coding was initially a challenge, whereas the blocks
were seen as beneficial for their learning: “I feel like it [CT] would be a lot more difficult, so
this [the blocks] makes it easier.” P1 commented that they were able to understand how the
features helped them code faster, commenting as follows:

“That way, you know what’s going on. You could just go ahead and do it and be done.
But if you actually want to have a little help, that way you don t have to type too much.
The blocks are probably good.”

In another instance, P1 remarked that,

“I know it’s kind of fun to have it be a puzzle piece. Well, it was good, because you
know, once you put it in one side and you want to do something else, you can just click
a button like ‘blocks to code’ and it puts it in there for you.”

Collectively, the results of the study showed that novice users perceived the Blockly-Jupyter
interface to be a helpful tool in learning to code. Some novice users preferred to use the
visual blocks to perform the tasks within the software, whereas others voiced their prefer-
ence for writing code directly into the Jupyter notebook cells. However, all novice users
perceived that the Blockly-Jupyter interface was a valuable tool that aided the computa-
tional tasks.

More experienced users expressed a somewhat different sentiment when describing
interaction with the available tools within the learning environment. Not only did users
comment as to the systems’ ability to support their initial learning, but also how the inter-
face supported more advanced computational thinking tasks. For example, when comparing
blocks to standard coding, P9 said the following:

“And all of the different functions, as well as the sort of shapes of the blocks and
things, like it makes it very intuitive where you would do sort of an indented code or
something like for a for loop”.

When reflecting on the overall process, P7 mentioned,

“Its more efficient when you re not in the programming domain, so they can just eas-
ily do a lot of things within a short time. Sometimes they re having issues of how to
write the code or how to import, so they can easily import from the Blocky palette.”
Another advanced user had a similar response to using blocks to create code compared to
not using blocks. P8 remarked that the features would be especially helpful with novel CT
that he was not familiar with:
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“[ liked them. I would use them for doing things that like I'm not familiar with. Also,
Just to kind of create like these larger, more universal codes that I could repeat using.
But on some level, I also just felt like I could type faster. But I don 't think so for, like,
more complicated code. I think the blocks help for trying to figure out what to do next.
But then sometimes just dealing with, like, my specific variable names and everything.
[ think just typing it out might be easier.”

In this instance, they were able to parse out when they would use the features and for spe-
cific CT purposes, especially for novel tasks and simpler tasks. Another example of this was
when P9 commented,

“Like I said, I make quite a few errors when it comes to punctuation and spaces and
indentations and stuff. So I think I prefer blocks for those basic kinds of things. Maybe
in a more complicated problem, I might prefer code, but....as far as the basics, I think
the blocks work a little nicer. The code, just writing it out feels a little more familiar,
fluent”.

6.1.4 Code 4: Scaffolding

Although the learners highlighted some of the benefits in terms of the representation, they
underscored some of the remaining challenges in terms of learning computational thinking
skills and the need for additional support. PS5 pointed that out by saying, “I think the instruc-
tions were fine. They were quite clear, and I appreciated when I did get stuck. That there
were some helpful hints, so theres some scaffolding along the way. Similarly, when asked
if the elements of the pages they interacted with were intuitive, if the text labeling was clear,
and if the blocks were clear, P3 replied, “Yeah, I think they were pretty clear. I understood
most of it where the math was and the text. But then again, there were others that I was
kind of confused about.” In this instance, the learners especially appreciated scaffolding
for initial CT related actions, although they indicated the need for support in other areas of
computational thinking.

As the data collection progressed, novice users expressed a desire for more scaffolding
as to how to perform certain tasks. In their think-aloud, P2 questioned, “Okay, so I have
‘set to’ and I need to connect it to a 3? I don't know if thats right. That seems right.” In
this case, the user was unclear if s/he had completed the action successfully and desired
scaffolds in the form of immediate feedback that would have supported their learner. In
another example, one student gave up on putting two blocks together because the shape of
the blocks appeared as though they would not connect. This resulted in the student thinking
he did not know which blocks to use, when he actually had performed the correct task. P3
similarly shared their frustration with the CT task as follows:

“Still trying to figure out how these work together. Okay, blank color one. Blend,
blend red with purple ratio. Okay, I'm gonna start connecting. Make a big one and put
them all together. Okay, so if I can find something that could go into this one. I'm just
looking for something that could go on the inside of this green one. We see the shape
of it. Okay, so this could fit in it? Oh, no, it does not.”
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There were additional indicators that the software was not always intuitive for scaffolding
beginner users. When asked the same question, P5 had a more pointed response when she
said:

“No. So I would say that nothing was where I expected it to be, except for the menu.
So the menu was helpful, maybe even if I hover over the menu, [but] it would be great
to have some type of text. For example, ‘you choose this to add text to your page’.
Something that kind of helps as an additional feature to help me understand what 1
need to do. That made it very difficult just for me to understand...just coming in as a
person who has not used code before or just as a person who hasn t used the system. |
guess it s just difficult not knowing. When I first get on there, it’s a blank page.”

More advanced users described differing perspectives of their scaffolding experiences. In
many cases, they especially identified how colors clearly aligned with specific interactions.
For example, one user indicated that, while the Blockly palette itself was fairly clear, there
may be a need for more scaffolding when copying from Blockly to Jupyter. P6 described
the following:

“I explored the Blockly palette space pretty thoroughly. I believe, at least half of it, I
went pretty in depth with the individual blocks that I had. So I wasn t really confused
on what to do or where to go to access things.”

In terms of how the interface elements specifically served to scaffold a computational think-
ing task, P6 similarly expressed that:

“I thought that any explanation of the block that was given....I could highlight over
them. I didnt right click and then click on help for any of them. I probably should
have. But the explanations that were given when I highlighted over a few of them were
pretty easily understandable. And they aligned with what I already thought the blocks
meant. So that was good.”

In contrast with the novice experience, the more advanced users did not need more explicit
scaffolds and feedback; rather, they were able to reference the support structure on an as-
needed basis. When asked about how the Blockly and Jupyter Notebook tools worked
together, P9 suggested that:

“I think that'’s a good way to sort of be able to focus on what matters with program-
ming. Like being able to see that this is how it produces, say, that loop without wor-
rying about there's some little quirks, like with using a range for a loop or something.
There's some of these little quirks that you don 't really have to worry about as much
because he could use the block to get the basic idea of that, and then you get the code
next to it to actually see how it’s performed. So I think that worked really well together.

Whereas novices needing prompting and immediate feedback during coding, the more

advanced users indicated that the support structures were sufficient through colors and
blocks, which allowed them to reference the scaffolds on an as-needed basis.
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7 Discussion

Computational thinking is increasing in the learning domain as technology becomes ubig-
uitous in society. Although educators cite a desire to implement these skills, the research
shows that this is often difficult to do for various reasons. To date, research has been espe-
cially focused on the challenges from a cognitive processing perspective and how to best
engage in learning strategies related to paired programming (Umapathy & Ritzhaupt, 2017),
worked examples (Qian & Lehman, 2017), and others. While these have added towards the
advancement of CT competencies, the data of this work-in-progress study above argues
that another critical factor includes the design of these systems and the interaction that
supports computational thinking tasks. Indeed, a recent systematic literature review on the
UX aspect of CT found only 22 studies and concluded that “the existing literature on the
usability and effectiveness of learning tools for programming is truly scarce” and “there
is a significant gap both when it comes to designing and developing tools that encourage
computational thinking and are suited to different educational levels” (Rijo-Garcia et al.,
2022, p. 8). Although CT research is often focused on gateways to CT (Perera et al., 2021a;
Price & Barnes, 2015), this research extends understanding of LXD for CT as it explores
different interaction patterns among both novices and more advanced learners. Based on
comments by both novice and advanced users, learners appreciated the intuitive nature of
the interface to varying degrees, including the categorical color coding and labeling of the
blocks. Both learner types reacted positively to how the two sides of the screen, Blockly
and Jupyter, functioned in tandem with the exception of the Code to Blocks functionality,
which led to confusion among both groups of learners. In that sense, it seems as though the
tool is beneficial for the engagement with the ‘modality of content’ construct of LXD. That
is, the individuals noted how the modality that included multiple forms of visualization was
beneficial to their computational thinking.

Empirical literature has explored the user of visual and block-based programming and
found various benefits, such as a perceived ability to compose (Weintrop & Wilensky, 2015),
more efficient time on task (Price & Barnes, 2015), and motivation (Sdez-Lopez et al.,
2020). This study builds on prior research by exploring interaction patterns of different user
groups as part of their LXD. While both groups highlighted the benefits of the modality for
the CT tasks, differences emerged in their subsequent interactions and expectations when
using the learning environment. Novice learners mostly looked to the visual blocks as a tool
for learning to code, but more advanced users examined the blocks from a technical and
programming lens, comparing them to how they typically approach coding already, which is
via the text-based approach in the computational notebooks (i.e., Jupyter notebooks) . More
advanced and novices differed in their dynamic interaction with the interface, especially
when reaching an impasse during the task. Those with CT experience showed a tendency to
test and use the design elements of the tool, along with previous knowledge of coding and
familiarity with other coding tools, to continue in self-directed learning and explore vari-
ous possible solutions paths. In that sense, they were able to complete the task even if the
learning environment was not immediately intuitive. On the other hand, novices struggled to
identify alternative CT approaches and had a propensity to discontinue self-directed learn-
ing when they were unable to work through a problem after their first or second attempt.
Rather than allowing learners full autonomy during interaction, one LXD implication for
this work-in-progress study is how to make the interactions of these systems transparent
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in terms of (a) the next learning task that align’s with Wing’s (2011) phases of CT and (b)
overcoming unexpected outcomes that occurred during the learning task.

The data additionally revealed specific features that supported the scaffolding construct
of LXD. In many ways, the study aligns with prior literature that notes the benefits of a
block-based approach and its ability to make aspects of CT more salient to novices (Wein-
trop & Wilensky, 2015; Xu et al., 2019). Both groups valued the hover text that accompa-
nied the blocks, although in different ways. The more advanced users naturally viewed the
help text as a connection or different way of visualizing that which aligned with their prior
knowledge. Alternatively, the novices lacked this knowledge base, so more time was spent
trying to understand the functionality of the blocks and the meaning of the associated text.
That said, most found the labeling for the basic block functionality (e.g., text, print) initially
clear. For learners who explored the graphical icons within the tool, most benefited from the
associated hover text, with experts more often referencing previous knowledge of the tool
affordances and novices sometimes expressing confusion of specific features. For example,
this may stem from experts having previous knowledge of using the ‘play’ button to run or
execute code, whereas novices did not have this connection to make when asked to “run
the code.” As this design-based research project builds on this work-in-progress study, it is
important to determine LXD strategies that allow learners to move forward in their learning
interactions, especially when during an impasse.

8 Limitations and Future Research

While this qualitative research study leveraged the use of concurrent think-aloud protocols
and retrospective follow-up questions to understand learners’ LXD, additional methods of
data sourcing could be employed in future studies. For example, gathering participant eye
movements through eye tracking software or interaction analytics within the software would
produce valuable data, especially for the constructs of dynamic interaction and scaffolding.
In terms of the former, it would allow researchers to determine learners’ gaze as they look
to progress in their CT tasks. In terms of scaffolding, this type of data would help determine
the ‘when’ and ‘where’ of learners’ help-seeking behavior, which would allow the team to
further iterate the learning envrinment. Triangulating this data with participant think-aloud
transcripts would thus provide even more validity to the data presented.

Another study could explore expanding beyond the participants presented in this study.
For this research, participants were gathered primarily from two programs - computer sci-
ence (advanced learners) and education (novices) majors - within the institution. A future
approach to further analyze the learning experience within the Jupyter-Blockly tool would
be to expand the research to different schools, college majors, or even contexts outside of a
university setting, such as an industry setting. Other research shows that CT is increasingly
emphasized in primary and secondary school (Zhang & Nouri, 2019), so future studies
could also explore LXD across different age groups. A better understaning of LXD for these
learners may may help educators and researchers develop learning systems that align with
their respective stages of cognitive development.

This study was performed in a one-on-one setting in a large office room on campus
using synchonours conferencing technology. In addition, the study could be extended to
include other types of user experience studies (e.g., in-person classroom observations/stud-
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ies and in-person focus groups). While some research (Budiu, 2021; Nielsen, 2000; Whit-
enton, 2019) suggests that five participants is enough for usability testing, other researchers
(Alroobaea & Mayhew, 2014; Faulkner, 2003) argue that more participants may be needed
for studies depending on the scale of the study. It is possible that additional participants from
each user group may have elucidated additional interaction patterns that were important for
their computational thinking and LXD.

The project team captured participants’ interpretation of a novel learning environment.
However, in a “real-world” environment, instructional designers would provide didactic
lessons, along with supportive materials (e.g., video demonstrations, note cards showing
graphical block commands, etc.) to scaffold learners through coding projects. Furthermore,
directions assigned during think-aloud study sessions were fairly basic, entry-level CT
tasks. It would be interesting to see both novice and expert learners’ perceptions of the
learning environment when assigned more advanced tasks and how their perceptions might
change over time as interactions become increasingly complex.

9 Conclusion

The think-aloud study described in this manuscript was conducted to begin to fill a research
gap pertaining to the study of design and development of computational thinking tools. The
researchers involved in this work-in-progress study tested participant perceptions of the
LXD of a block-based coding tool, which employs CT methods and was created to aid in
teaching data science to adult learners. Transcription data gathered from student participants
— half who had experience with CT programming tools and half who did not — highlighted
the differences in perceptions and design interactions between the two groups. In terms of
agreement, both learner types seemed to generally agree on engagement with modality of
content and perceived value of technology feature to support learning. In doing so, this
builds on prior literature which suggests that block-based coding tools can be an effective
way to support the development of CT skills (Perera et al., 2021b). Alternatively, the most
significant differences among novices and advanced users were in the constructs of dynamic
interaction and scaffolding.

The interaction patterns among the different learner profiles may elucidate important
insights as educators employ learning environments that facilitate CT. In terms of dynamic
interaction, novices struggled to progress to the next learning task, indicating a possible
need for more support. Indeed, CT skills include varying skill sets that are dependent on one
another. At any given time, learners may need to engage in problem reformulation, recur-
sion, problem decomposition, abstraction, or systematic testing (Wing, 2011). To better sup-
port dynamic interaction, it may be that learning environments not only outline the specific
coding actions, but explicitly progress the learner through these specific stages of CT. On
the other hand, more advanced users showed engagement in self-directed learning, as they
tended to troubleshoot issues within the system until uncovering a solution. In the area of
scaffolding, novices expressed the need for a more task-based approach to coding and com-
mented on the immediacy of the feedback. As future learning environments build on this
work-in-progress study, the data suggests design features that provide additional support as
to how to complete the technical aspects of CT and assessment as to whether they were able
complete the task successfully.
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An inference made from this study is the need for transparency in regard to the interac-
tions within the learning system, including (a) what the next task in the learning process
is and (b) how to overcome unexpected outcomes that occur during learning tasks. While
this study employed a 5-test users (per group) approach, future studies may benefit from a
higher number of participants. Other ideas to further this research include testing in a more
“real-world” environment that includes (a) additional supports (i.e., didactic lessons, video
demonstrations, note cards, etc.), (b) assigning participants more complex CT tasks, and (c)
using eye-tracking software during testing.
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