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Abstract. Recent years have seen growing interest in utilizing digital storytell-
ing, where students create short narratives around a topic, as a means of creating
motivating problem-solving activities in K-12 education. At the same time, there
is increasing awareness of the need to engage students as young as elementary
school in complex topics such as physical science and computational thinking.
Building on previous research investigating block-based programming activities
for storytelling, we present an approach to block-based programming for interac-
tive digital storytelling to engage upper elementary students (ages 9 to 10) in
computational thinking and narrative skill development. We describe both the
learning environment that combines block-based narrative programming with a
rich, interactive visualization engine designed to produce animations of student
generated stories, as well as an analysis of students using the system to create
narratives. Student generated stories are evaluated from both a story quality per-
spective as well as from their ability to communicate and demonstrate computa-
tional thinking and physical science concepts and practices. We also explore stu-
dent behaviors during the story creation process and discuss potential improve-
ments for future interventions.
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1 Introduction

Recent years have seen growing evidence that engaging students in digital storytelling
activities is an effective tool for promoting meaningful learning across a variety of sub-
jects [1-3]. While these activities have been shown to facilitate positive outcomes such
as creative exploration of scientific phenomena [4, 5], studies have also shown that the
benefits of digital storytelling can vary greatly between individual students. This high-
lights a critical need for a better understanding of how to effectively support students
as they create and present stories.



Another barrier to large-scale adoption of digital storytelling activities in class-
rooms is lack of perceived alignment with existing curricular goals, specifically in ar-
eas such as computational thinking and physical science [6]. At the elementary level,
many teachers have limited, if any, instructional time allocated to these topics, and
may see digital storytelling activities as an inefficient use of that limited resource.
However, there is a growing recognition of the similarities between the digital story-
telling process and computational thinking and science competencies [7, 8]. Addition-
ally, teachers who often lack significant training in science and computational think-
ing may be more comfortable supporting a more familiar task such as narrative con-
struction.

To address these challenges, we have developed the INFUSECS narrative-centered
learning environment, to engage students in deep, meaningful physical science and
computational thinking learning through the creation of interactive narratives.
INFUSECS utilizes a custom-built narrative programming environment, where students
utilize a block-based programming interface to create, revise, and visualize interactive
narratives. Building on research exploring design best practices for block-based pro-
gramming for younger learners [9, 10], we created a learning environment to enable
upper elementary students o create rich interactive narratives while also engaging
with concepts and competencies from physical science and computational thinking. In
this paper, we use INFUSECS to specifically focus on two research questions:

RQ1: How effectively are students able to use block-based programming to create in-
teractive narratives, when evaluated from a story quality perspective?

RQ2: How do students exhibit knowledge of physical science and computational
thinking concepts through their created interactive narratives?

To answer these research questions, we conducted a pilot study with students in the
southeastern United States as part of an after school program. Initial results show stu-
dents were able to effectively use the tool to create stories, while also demonstrating
evidence of computational thinking concepts such as debugging and sequential execu-
tion. However, not all student generated stories met all story quality criteria, and all
students struggled to integrated physical science concepts into their narratives.

2 Related Work

Narrative experiences offer an exceptionally promising tool for engaging students in
computationally-rich problem solving. By leveraging narrative’s unique ability to
help us understand the world around us [11] and communicate conceptual understand-
ing to others [12], storytelling has significant potential well beyond the traditional ed-
ucational context of language arts. Specifically, digital storytelling has shown great
potential to leverage the creativity and effectiveness of narrative for domains such as
science [1, 13] through activities such as creating a multimedia presentation of a
story. Other digital storytelling activities have shown positive effects for both cogni-
tive measures of visual memory and writing skills [14], affective measures such as



student engagement [2], and improved 2 1st century skills such as problem solving, ar-
gumentation, and cooperation [15].

However, the benefits of digital storytelling interventions are dependent on the
ability of the student to construct a narrative. This has led to a broad range of research
into how to best design and support digital storytelling interventions for students of a
variety of age ranges, including approaches that seek to leverage the synergies be-
tween storytelling and computational thinking through block-based programming. A
modified version of the popular Scratch environment was used to enable students to
create animated stories involving placing and moving sprites, as well as including au-
dio clips and other events responsive to user inputs [16]. Other research has investi-
gated using block-based programming in non-traditional methods such as a tangible,
sticker-based block language used as part of an interactive storybook [17], or as a
method for introducing computational thinking strategies into English language learn-
ing [8]. This work extends these efforts by designing and investigating story quality
and demonstration of conceptual knowledge using a block-based programming envi-
ronment focused primarily on interactive storytelling augmented by rich visualiza-
tions.

3 Narrative-Centered Learning Environment

This study builds on a previous version of INFUSECS, which featured a block-based
programming interface built with Google’s Blockly framework that focused on the
creation of text-based teleplays. The current version of INFUSECS is a WebGL-based
application built with the Unity 3D game engine. In addition to supporting interactive
multimedia content and simulation activities, this version also supports a greatly ex-
panded narrative programming interface. The interface consists of two main parts: a
custom block-based programming interface developed for the Unity 3D game engine,
and an interactive visualization engine. Figure 1 below shows a short example story
and the accompanying visualization.

start
set location beach

enters  left

says " How are we going to power up the village?

Fig. 1. Screenshots of a sample narrative displayed in INFUSECS’s block-based editor and visu-
alization of a line of dialog.

The narrative programming interface of INFUSECS utilizes four types of blocks de-
signed to enable key aspects of digital storytelling including setting the location of the
scene, arranging characters, enabling dialogue between characters, and supporting
branching stories based on choices made by the viewer of the story. The custom
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blocks leverage design principles from previous research on block-based program-
ming environments for upper elementary students [16, 18-20]. Specifically, the cus-
tom narrative blocks utilize distinct colors for each category to leverage visual af-
fordances in the appearance of the blocks. Stories are executed sequentially starting
from a Start block, avoiding event-driven programming. Dialogue and Stage Direc-
tion blocks utilize drop downs for character names and a starter story is provided to
the students to encourage customization and editing rather than a purely generative
activity. Finally, the language on the blocks is designed to limit complicated syntax
and vocabulary.

(@) n b sk aut * How should we power up the village?

* Solar power

* Lers used these solar panels!

* Batteries

“ 1 hink | saw some batteries in the supplies. *

(c) Max says * How are we going 10 power up the vilage?

Fig. 2. Custom blocks for the INFUSECS narrative programming interface.

The set of custom blocks are separated into four categories corresponding to the
main features of visual interactive narratives: describing a scene, moving characters in
and out of the scene, character dialogue (including narration), and branching.

The Scene blocks, shown in Figure 2a, allows students to set the location where the
events in the narrative take place. Location blocks are defined before the activity to fit
with the motivating scenario framing a particular digital storytelling activity, and to
align with art assets for the visualization system described below. This also allows
INFUSECS to utilize type-checking, and prevent students from attaching incompatible
blocks, i.e. text fields, a feature also afforded by the color-coding scheme of blocks.

The Stage Direction blocks allow for students to move characters in and out of the
scene of their story. The Enter block, shown in Figure 2b, allows students to select
which character is entering the scene, with fixed location blocks that can be attached
similar to the locations for the Scene block. The other Stage Direction block currently
implemented is the Exit block, where students can specify a character to leave the
scene.

The Dialogue blocks, shown in Figure 2c, are the core blocks of the storytelling
system, as the majority of the content in the student-generated stories is dialogue be-
tween characters or statements by the narrator. A line of dialogue is generated through
the combination of a Character block and a Text block. The name property of the
Character block is filled with a list of characters that have been previously introduced
to the student earlier in the activity. Additionally, a Narrator option can be chosen to
provide narration for the story.

The Ask Audience block, Figure 2d, is designed to allow students to incorporate
branching into their narratives, while also providing them an opportunity to experi-
ment with computational thinking concepts like conditionals and flow control. The



Ask Audience block contains three properties that must be defined by learners. The
first property is the question that will be asked to the audience, and then the two pos-
sible responses the audience can respond with to the question. Below each response,
students can then place story blocks that will execute if that choice is selected.

At any point in the story authoring process, students can press a run button at the
top of the editor to play an animation of their story. First, the block-based representa-
tion is converted into Ink script (https://www.inklestudios.com/ink/), a narrative
scripting language developed primarily for game applications. Next, the generated ink
script is passed to the visualization engine, which displays it using graphical assets in
Unity. The visualization pauses after each dialogue utterance to give the audience
time to read the story, and advances when a button is pressed. At the completion of
the visualization, the student returns to the narrative editor where they can continue to
iterate and revise their story until they are satisfied.

4 Pilot Study

To understand how INFUSECS supports digital storytelling and computational thinking
in elementary classrooms, a pilot study was conducted at an after-school program in
the southeast United States. Participants in the pilot study included 6 fourth grade stu-
dents ages 9-10, including 4 males and 2 females. Four of the students were Black or
African-American, one was White, and one was Multiracial. The 6 students worked
independently, and students reported a range of previous experience with block-based
coding environments with 1 student reporting no prior experience, 2 students report-
ing some prior experience, and 3 students reporting that they frequently used block-
based coding environments.

The pilot study took place over 4 days, with approximately 30-45 minutes spent
each day. Students and coordinators for the after-school program were together in per-
son, while research staff observed remotely using video conferencing software. The
first day students were given a brief introduction to the activity, completed a demo-
graphic survey, and watched an introductory video introducing the motivating sce-
nario of a group of scientists who were shipwrecked on a remote tropical island. On
the second day, students were presented with the task of solving how the scientists
would power their makeshift village and engaged with physical science content focus-
ing on types of energy and energy conversion. After completing the science content,
students were given a planning worksheet to assist them with planning their story. On
the third day, students completed their planning worksheet and began creating their
stories using the narrative programming interface, and on the fourth day the students
spent the entire time period working on their stories.

For all students, a brief starter story was provided in the block-based programming
interface, which provided an example of each type of block. The learning environ-
ment logged detailed trace logs of student actions in the environment, as well as log-
ging their story workspace each time the story was visualized.

All 6 students were able to use the system to create short narratives in the allotted
time. Each student effectively used at least one of each type of block with stories
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ranging from 12-26 “lines of code” (i.e. two connected components of a Dialogue
block counting as 1 “line”’), consisting mostly of narration and dialogue between char-
acters. Overall student stories averaged 17.3 total blocks (M = 17.3,s.d. =5.64), 4
scene blocks per story (M =4, s.d. = 1.78), 4.2 Stage Direction blocks per story
(M=4.2, s.d. = 1.94), 1.8 Ask Audience blocks (M=1.8, s.d. = 0.98), and 7.3 Dialogue
blocks (M=7.3, s.d. = 1.97). Additionally, students used an average of 3.33 characters
in their story. This represents a large increase compared to previous versions of the
system containing a similar set of story blocks but lacking the visualization function-
ality of the current system [21].

We also evaluated the student stories based on a set of story quality metrics, as
well as for evidence of curricular competencies from both physical science and com-
putational thinking. We first investigate the research question:

RQ1: How effectively are students able to use block-based programming to create in-
teractive narratives, when evaluated from a story quality perspective?

To measure story quality, we devised a scoring rubric to evaluate the students’ sto-
ries based on the Common Core State Standards (http://www.corestandards.org/) for
4th grade English Language Arts Writing. Common Core State Standards are a set of
standards for various subjects such as writing and mathematics that have been
adopted by many states in the United States. Students’ stories were evaluated based
on six criteria in alignment with the standards and one additional criterion we added
specifically focusing on how branching was utilized in the story to facilitate its organ-
ization and development. These criteria are described in Table 1 below. Each criterion
was rated on a 0-2 scale, with 0 as having little to no evidence, 1 as having some evi-
dence, and 2 as having sufficient evidence of the given criteria.

Table 1. Story evaluation criteria.

Criteria  [Description

Criteria 1 |Establishes a situation that introduces reader to characters / setting

Criteria 2 |Presents / establishes an organized event that unfolds naturally (including a dis-
tinct beginning, middle, and end)

Criteria 3 [Includes dialogue and description that develops experiences and events or shows
the responses of characters to situations

Criteria4 |Uses a variety of transitional words and phrases to manage the sequence of events

Criteria 5 [Uses concrete words and phrases and sensory details to convey experiences and
events precisely

Criteria 6 |Provide a conclusion that follows from the narrated experiences or events

Criteria 7 [Integrates branching to organize and develop the story

Analysis of student narratives using these criteria is shown below in Table 2. Over-
all, the custom blocks facilitated Criteria 1, 2, and 3 for all students. Student stories
performed worst on Criteria 5 and 6. Summing across all criteria yielded an average
of 6.67 per story, with a high score of 12 and a low score of 4.



Table 2. Story evaluation scores.

Student |Criteria 1|Criteria 2 | Criteria 3 | Criteria 4 | Criteria 5| Criteria 6 | Criteria 7
Student 1 1 1 1 1 0 1 1
Student 2 2 2
Student 3 1 |
Student 4 1 0
1 |
1 |

Student 5
Student 6

[S ey e NN IS
Sl=l—=N]
(=3 Nl Rl B L

(=3 Nl ol el
—l—l=]lo ]

RQ2: How do students exhibit knowledge of physical science and computational
thinking concepts through their created interactive narratives?

To evaluate physical science content, we used frequency counts to measure how
many science concepts from the physical content were referenced in their stories.
Overall, the number of science concepts students utilized in their stories ranged from
0 to 3 with four of the students not integrating any science concepts in their stories.

For computational thinking we looked at both the final story, as well as behaviors
exhibited while creating the story. Using the K-12 Computer Science Framework
(https://k12cs.org/) we identified concepts and practices that overlap with the story
creation process. In addition to the concept of Creating Computational Artifacts, stu-
dents also exhibited evidence of troubleshooting/debugging behaviors through the it-
erative running and modifying of their stories as they were created. Overall, the 6 stu-
dents averaged 42 runs of their story (minimum = 12, maximum = 61). Students
showed evidence of understanding control structures and sequential execution of their
stories through their usage of the Ask Audience block. Multiple students stored seg-
ments of code on the workspace not connected to the Start block, showing evidence
of their understanding of the single thread of execution.

5 Discussion

Overall, the INFUSECS learning environment enabled students to create interactive nar-
ratives incorporating features such as dialog, setting changes, and branching. Compared
to a previous version of the system, the new system with a revised set of custom blocks
and a story visualization system appears to have effectively supported longer, higher
quality stories, as well as encouraged desirable debugging and troubleshooting behav-
iors. This was particularly noticeable in the students’ improved understanding and us-
age of the Ask Audience block to incorporate branching into their narratives.

A noticeable shortcoming was the lack of physical science content included in the
stories. Discussions with students suggested adding props representing the science
content to the block palette may encourage their inclusion in the resulting narratives.
Similarly, more explicitly including science concepts in the planning process may
also encourage their usage in the resulting narratives. From a computational thinking
perspective, further analysis of the students’ debugging and troubleshooting behaviors
could help ensure that the visualization functionality is being used in a productive



manner, rather than a distracting one. Inclusion of more complex command structures,
such as loops or event-based execution, could provide more opportunities for students
to demonstrate richer understanding. Finally, including more traditional assessments
(i.e. validated survey measures) could help determine if lack of understanding, or a
shortcoming of the interface is responsible for the omission of concepts included in
the narratives.

Finally, there are two key limitations to these findings. First, we acknowledge the
small sample size makes it difficult to generalize the findings too broadly. Secondly,
while researchers were able to observe the activities via video conferencing, lack of in
person observations due to the ongoing pandemic makes qualitative analysis of the
story creation process more difficult.

6 Conclusion and Future Work

As evidence of the transformative potential of digital storytelling continues to grow, so
does the need for understanding how to effectively integrate and support digital story-
telling in different educational contexts. The structured format and intuitive design of
block-based programming environments provides a promising modality for both ena-
bling rich interactive narrative creation, while at the same time providing an intriguing
activity for integrating computational problem solving in a variety of subjects.

With this as motivation, we investigated student story creation utilizing block-
based programming. Findings show that the custom story blocks enabled upper ele-
mentary students to create structured narratives, incorporating traditional storytelling
concepts such as dialogue between characters and branching based on viewer input.
Analysis of student stories highlighted how the storytelling activity can be used by
students to demonstrate their conceptual understanding of physical science and com-
putational thinking concepts and practices.

Future iterations of the learning environment will focus on revising the set of story-
telling blocks, with a focus on encouraging students to communicate more science
and computational thinking concepts and practices. This focus will also extend to the
visualization portion of the environment, allowing for richer interactions to be au-
thored by the students. We will also investigate how to improve storytelling through a
more robust and structured planning phase as well as additional support to augment
the story creation and revision process.
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