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Abstract
Conversations around teaching augmentation (TA) system designs
that benefit teachers’ pedagogical capabilities while teaching us-
ing block-based programming environments (BBPEs) are up and
coming. Despite the growing interest in this area, past findings and
design recommendations still need to be validated in additional
contexts beyond what is represented in the literature. In addition,
there yet exist formal investigations that ground themselves in a
theoretical model of student reflection and explore how a TA sys-
tem design might support students’ reflective learning processes as
they program using BBPEs. In this paper, we aim to address such
gaps with a concept validation study, where we conducted design
activities with a targeted audience of seven teachers who have used
Scratch in their teaching for grades three to five. Grounded in dia-
logues with our teacher participants during the activities, we reveal
themes of interest identified via thematic analysis that strengthen
past findings on teachers’ preferences for a BBPE TA system and
reveal additional factors for future researchers to consider as they
explore design opportunities.

CCS Concepts
• Social and professional topics → K-12 education; • Human-
centered computing → Empirical studies in HCI.
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1 Introduction
With technology becoming more integral within our lives, K-12 ed-
ucators are encouraged to integrate computing pedagogies into cur-
ricula and help students develop skills with technologies for “height-
ened disciplinary learning, critical thinking, and self-expression”
[30]. Integration of computing pedagogies can benefit from includ-
ing programming activities conducted in block-based program-
ming environments (BBPEs) such as Scratch [30, 37], iSnap [35],
and Blockly [17], which are designed to make programming and
broadly the computing field more approachable [30]. Since their
introduction, they have grown in popularity and are widely used,
especially due to proven benefits of BBPEs for novice programmers
in computing pedagogies [8].

Computing pedagogies can also benefit from reflective activities
(e.g., students answer a prompt that aim for students to reflect on
their learning experience as they craft a response) for an authentic
learning experience and formative assessments of student progress
[47, 49]. However, to the best of our knowledge, there have not
been formal investigations with a theoretical perspective of what
potential impacts student reflections have on BBPE-based, in-class
learning experiences. This misses the opportunity for students to
reflect on their progress towards successfully completing a Scratch
activity [11]. Grounded in the model of reflection [29], we argue
that teachers should also be guided to hold reflective moments
throughout a Scratch activity, especially since reflection is crucial
for “inference making and reasoning while searching for informa-
tion to inform a solution” [11, 29].

Teachers can be provided guidance on student-centered teaching
practices such as reflective activities through teaching augmenta-
tion (TA) systems. TA systems, which include learning analytics
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dashboards, wearables, and ambient lighting displays, are designed
to augment and complement teachers’ in-class pedagogical prac-
tices. While TA system designs have been introduced and explored
by researchers across multiple disciplines, such conversations are
new and up-and-coming in the context of BBPEs such as Scratch,
where user-centered conversations with K-12 teachers have been
held to identify their needs and preferences for a BBPE-based TA
system (e.g., [21]). As teacher-centered conversations around BBPE-
based TA system designs emerge, there also exists room for explo-
ration of how such systems may support student reflections on their
BBPE learning progress, especially given the aforementioned gap
in theoretically grounded investigations of BBPE-based reflective
experiences for students.

In this paper, we aim to validate past literature’s reports of teach-
ers’ needs and preferences for a BBPE TA system to the context of
our project’s targeted audience of teachers, all the while taking a
theoretical perspective to how augmentation could be presented to
support student reflections. Toward this latter goal, our research
questions are formative: What preferences (i.e., form, interaction) do
teachers have for BBPE TA systems that allows for reflective practice?
And what challenges do they envision with the implementation of
such systems?

To address these research questions, we conducted a concept
validation study with seven teachers who have experience teaching
Scratch to grades 3 to 5; we focus on this grade band as it utilizes
BBPEs to integrate computing to other subjects [30]. The study
involved a speed dating design activity [13], during which teachers
were presented storyboards of imagined BBPE-based classroom
scenarios that involve the use of potential TA systems designed to
support student reflections based on past literature about teachers’
needs and preferences for one. The intended goal of the activity
was to probe gut reactions from targeted users about the scenarios
and designs, while also leaving the doors open to other unexpected
design opportunities. In addition, teachers completed a stack rank-
ing exercise of main points conveyed by each storyboard to further
organize teachers’ points of views.

Themes revealed from thematic analysis of conversations shared
from the design activity revealed that while the participants agreed
on some of the design recommendations made by past literature
for a BBPE TA system, they shared additional sentiments that may
be beneficial for researchers to consider in future works. For ex-
ample, teachers described various systemic challenges they face
during their teaching (e.g., lacking time and financial resources
to be innovative with their teaching practices) that future design
solutions should consider and aim to not perpetuate further. We
elaborate on the study design, analysis methodology, and findings
in the remaining sections of our paper.

2 Background and Related Work
2.1 Teaching Augmentation
Teaching augmentation (TA) systems are designed with the aim of
benefiting teachers’ in-class teaching and awareness and broadly
benefiting student learning. Introduced and studied across various
disciplines such as Human-Computer Interaction [4, 12], learning
sciences [45], and learning analytics [27], TA designs take various
forms. For example, there exist learning analytics dashboards that

are designed to provide teachers information students’ progress and
performance in real time (e.g., [27, 42]). Some researchers have also
experimented with ubiquitous computing in classrooms by intro-
ducing distributed TA systems [48]. Distributed digital lamps have
been previously explored as a TA form, where ambient lamps were
placed at student desks to depict work progress and help requests
through color and pulse signals (e.g., [2, 4]). In addition, others have
explored the use of wearables (e.g., [36]), such as smartwatches and
earpieces, to deliver synchronous coaching and recommendations
to novice teachers via a remote observer.

Although there have been additional forms of augmentation pre-
viously experimented with and reported on, we focus our concept
validation on two forms in this paper: learning analytics dashboards
and ambient lighting displays. Recent literature that has explicitly
begun to explore the benefits of TA for teachers that teach pro-
gramming using BBPEs such as Scratch has found that their teacher
participants’ most preferred form of augmentation was dashboards
and also recommended that combinations of forms (e.g., dashboards
with lighting displays) be explored (e.g., [21]). In our paper, we aim
to validate such past finding with our specific audience of teachers
teaching Scratch at grades 3 to 5.

We also acknowledge other prior works that are related to aug-
menting BBPE-based teaching, the discussion around which is still
in its early stages. Specific to Scratch, research on how students’
Scratch programming proficiency may be predicted predominantly
explored code artifact analysis [1, 32, 38, 41], which lacks infor-
mation on the process that led students to their final code projects.
As a result, some researchers have introduced approaches towards
collecting data on students’ learning processes in a coding environ-
ment, including Scratch, via mediums such as screen recording [25],
clickstream analytics [15], and automatic logging [22]. Revealed
findings and recommendations around exploring design oppor-
tunities for a Scratch TA system have not yet been validated by
additional studies. Furthermore, to our knowledge, studies related
to a Scratch TA system have also not explored opportunities to po-
tentially support designs of reflective activities to provide students
more enriching Scratch learning experiences. We aim to contribute
to addressing both gaps through our concept validation study.

2.2 Reflective Activities
Reflection, or the "process of purposeful contemplation or focused
thinking" [11], is recognized by literature as a crucial component
in higher-order thinking, such as effective problem solving and
metacognitive monitoring [39]. Intentionally and consciously de-
veloping reflective skills not only impacts the growth of higher-
order thinking skills, but it also plays a critical role in learning
[3, 5, 14, 20, 24, 34, 39]. There exist works that have investigated how
emerging technologies that initiate reflective opportunities impact
skill and knowledge acquisition, with most technology designs pos-
ing reflective learning opportunities with various types of prompts
via written statements or pedagogical agents [10, 18, 40]. Some
works have also looked into the impacts of scaffolded reflective
opportunities towards achieving learning goals during game-based
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learning (e.g., [28, 31, 46]). However, the grounding of reflection-
involving, computing education (CEd) works in a theoretical per-
spective is still in its early stages. For instance, Cloude et al. investi-
gated the quality and quantity of adolescents’ reflections and their
correlation to their learning and problem solving experiences with
Crystal Island, a game-based learning environment, scaffolding re-
flective opportunities with the guidance of McAlpine et al.’s model
of reflection [11, 29].

Composed of six components (i.e., goals, knowledge, action, mon-
itoring, decision making, and a corridor of tolerance), the model
of reflection states that a learner’s reflection is driven by defined
learning goals, which also influence inquiry, inference making, and
reasoning skills [29]. Our work is also grounded in the model of
reflection and argue that the model of reflection is also appropriate
for studying reflection when a teacher is teaching using BBPEs
while supported by a TA system. We believe TA systems, when
meaningfully designed, could provide guidance to teachers with
learning goals to initiate purposeful reflective opportunities for
students as they work towards final code solutions.

3 Methodology
At a larger scale, our research towards designing a TA system that
augments Scratch teaching practices follows Holstein et al.’s adop-
tion of the LATUX workflow for designing and deploying learning
analytics tools [19, 26]. The workflow involves the following major
design phases: (1) initial needs and analysis and concept generation,
(2) initial concept validation, (3) iterative lower-fidelity prototyping,
(4) iterative higher-fidelity prototyping, and (5) iterative classroom
piloting and evaluation. This paper reports on initial concept vali-
dation efforts to further understand and validate past findings on
teachers’ preferences for tools that augment their Scratch teaching
abilities (e.g., [21]). Concept validation included a storyboarding ses-
sion and ranking exercise with each participant to gather insights
about various scenarios involving a TA system.

3.1 Concept Validation
Our concept validation study was conducted online by telecon-
ference, with each session per participant lasting an average of
about 76 minutes (𝑆𝐷 = 11.63) and recorded upon the participant’s
consent.

3.1.1 Participants. Using purposive sampling strategy [33], we re-
cruited seven teachers (six cis-women and one cis-man, all white)
who taught grades 3-5 in the eastern United States at the time of
our study and had prior experience teaching programming using
Scratch. Requests for participants were sent via email using an
IRB-approved advertisement; recipients were also encouraged to
share this message with their colleagues. Each teacher participant
received a $25 gift card per hour for their participation.

Ranging in years of overall teaching experience (𝑀 = 21.29, 𝑆𝐷 =

7.65), the seven teachers used Scratch in various subjects; two teach-
ers taught Technology, two were Librarians/Media Specialists, two
taught Gifted and Talented classes, and one taught Computer Sci-
ence. For greater context on their teaching environments, four
teachers were in schools where the largest student population was
made up by Black or African American students. Five and six of
the teachers taught students with disabilities or special needs and

students whose native/dominant language was not English, respec-
tively. All teachers are also current or former partners with our or
neighboring universities’ CEd professional development programs.

3.1.2 Speed Dating with Storyboards. The study involved a "speed
dating" approach in accordance to the LATUX workflow adoption
[19]. The speed dating design method is used to explore potential
futures of a design concept with its users without the need for
the design to be technically implemented [13, 50]. Specifically, we
implemented storyboarding, one of the two main forms of speed
dating, where participants (typically target users) are presented
various storyboards depicting imagined scenarios that involve con-
cepts of the researchers’ proposed design based on identified user
needs. Based on participants’ reactions and comments after being
probed with the prepared storyboards, researchers are able to val-
idate their design concepts and/or identify unanticipated design
opportunities before developing higher-fidelity prototypes.

One researcher met with the seven teacher participants individ-
ually for the concept validation study. During each study session,
a participant was presented with 13 storyboards, each of which
depicted a classroom scenario inspired by preferences teachers pre-
viously expressed for augmentation. The storyboards were used to
probe participant reactions to design ideas and concepts derived
from prior literature and discussions on such preferences.

There were three main types of scenarios that the storyboards
were portraying. The first five storyboardswere about how a teacher
may monitor students’ learning using Scratch with a TA system
in the form of a learning analytics dashboard (2), ambient lighting
displays (2), or a combination of both (1). In each of the five scenar-
ios, the imagined TA system exhibited data of different granularity
on student behaviors potentially exhibited during Scratch learning,
such as their mouse-clicking frequency on their devices, as well
as how frequently a student may specifically be interacting with
block codes over other aspects of Scratch (e.g., cosmetic elements
of a Scratch project such as costumes and backgrounds).

Three storyboards depicted instances where a teacher may ini-
tiate reflective moments using a TA system while students learn
using Scratch. They vary in levels of balance between autonomy and
automation (i.e., teacher having the freedom to craft their own writ-
ten reflection prompts, teacher using one of the reflection prompts
generated and recommended by a system, or a system generating
a single option for a reflection prompt and requiring the teacher
to utilize it). The remaining five storyboards represented different
levels of granularity of data on how students reflected throughout
an in-class activity and of the TA system’s involvement in inter-
preting the data (e.g., a teacher should be responsible for reading
and analyzing students’ reflections word-to-word vs. the system
summarizes findings from students’ reflections and/or provides
next-step teaching recommendations), in addition to how such data
were used by a teacher (e.g., only the teacher should access the data
vs. data can be shared with students as part of one’s teaching). Fig-
ure 1 exhibits one of the storyboards shared with our participants.
All 13 storyboards are provided in the supplementary materials.

To also translate the participants’ qualitative expressed reactions
to each storyboard’s concept into quantitative data, participants
completed three order stack ranking exercises, each based on the
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Figure 1: An example storyboard presented to teacher participants during the speed dating design activity.

three aforementioned types of storyboard scenarios. For each rank-
ing exercise, on a digitally interactive whiteboard set up identically
for each participant (i.e., Google Jamboard), a participant manually
placed presented options, each option representing concepts that
stemmed from the storyboards, in order from their favorite to least
favorite concept.

3.2 Analysis
The analysis of data collected from our concept validation study
was twofold. First, we used thematic analysis to analyze 9.3 hours
total of audio recording transcripts of the teacher participants’ com-
ments in response to the speed dating storyboards. We randomly
selected a transcript for two of the authors to code together for
themes of interest using both inductive and deductive codes, with
the codemanual inspired by our study protocol and literature. Using
Krippendorff’s alpha (𝛼) to measure inter-rater reliability, the two
coders achieved an 𝛼 = 0.82 (𝑆𝐸 = 0.03), which met the 𝛼 ≥ .800
threshold of good reliability. After resolving disagreements and
updating the code manual accordingly, the two coders divided the
task of coding the remaining study transcripts.

Our analysis also involved quantifying our teacher participants’
preferences for concepts that each storyboard presented based on
their completion of the order rank exercises. Specifically, we scored
each ranked concept using the Dowdall method to estimate which
Scratch TA system concepts the participants favored the most. For
each participant, the Dowdall methodweighs the scores of𝑛 concept
options being ranked with a vector of (1, 1/2, 1/3, ..., 1/𝑛), which is
based on the participant’s preference of options [16]. For example,
if 𝑛 = 3, a participant’s first preference is given a score of 1, the
second preference 1/2, and the third preference 1/3. We used the
Dowdall method over the conventional Borda method because the

Dowdall method has been shown to be more stable with small
subsets of data that may contain anomalies (e.g., [23]).

4 Results
Here, we present the themes that were revealed in the teacher par-
ticipants’ responses during our storyboarding study about potential
BBPE TA system designs that support reflective learning, in addi-
tion to how teachers ranked discussed concepts during the order
ranking exercises.

4.1 Form of Augmentation
We presented to our participants five storyboards that would bring
out their immediate reactions on imagined classroom scenarios
that involve a dashboard interface (2), distributed displays (2), and
a combination of both forms (1), each displaying different kinds of
data on student behavior during a Scratch learning session.

Opinions amongst the seven participants on what augmentation
form they preferred the most were mixed. Three teachers preferred
dashboard interfaces explicitly while three other teachers were
intrigued to explore the combination of both a dashboard and dis-
tributed displays; one participant remained unsure.

A synonymous concern among the three participants who pre-
ferred a dashboard interface over ambient lighting displays was the
potential for distraction from the goals of the lesson. For example,
Teacher 1 (T1) states, "you may actually get kids focusing on that
silly little light instead of their program [because] they’re attempting
to explore what kinds of actions would make the light change." One
teacher noted the judgemental nature of students towards their
peers, posing a concern over the lighting displays as a prominently
visible measurement of their progress. As T5 explains, "they want
to be fitting in with their peers. So I don’t really think it would be fair
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Rank Scenario Score
1 Scenario 5: Teacher uses both a dashboard and lighting displays that display information on

students’ Scratch code block interaction activities
5.833

2 Scenario 2: Teacher uses a dashboard that displays information on what blocks students are
interacting with in Scratch

4.167

3 Scenario 4: Teacher uses lighting displays that changes colors based on frequency of students’
interactions with Scratch code blocks

2.583

4 Scenario 1: Teacher uses a dashboard that displays data on students’ mouse-clicking frequency
within the Scratch environment

1.800

5 Scenario 3: Teacher uses lighting displays that changes colors based on students’ mouse-clicking
frequency within the Scratch environment

1.600

Table 1: Monitoring students learning using Scratch scenarios and ranking.

for a student who doesn’t understand a concept for other people to
know that student doesn’t understand the concept... I think it’s just
not appropriate for the kids to be able to judge each other."

The positives of the lighting display as a TA form were men-
tioned by teachers who preferred having access to the dashboard
simultaneously (i.e., access to the dashboard on teacher’s device
with lighting displays throughout the classroom). T6 indicated that
using both TA forms could potentially "streamline [her] interactions
with the students to be more efficient, and effective." T4 elaborates on
this further, "I probably want both—it would give me more detail of
why something’s happening." The ranking exercise further supports
this preference (see Table 1), with four participants ranking the
storyboard illustrating the combination as their most favorite out
of the five storyboards. It also received the highest score of 5.83 via
the Dowdall method, while a storyboard illustrating access to only
the dashboard providing data on students’ interactions with blocks
placed second, with a score of 4.167.

Specific to the types of data each augmentation example pro-
vided, all seven teachers wanted a TA system to provide data of
greater granularity about behaviors exhibited amongst their stu-
dents when learning using Scratch (i.e., seeing how frequently each
student is interacting with block codes in Scratch over observing
mouse-clicking frequency on their device). Teachers noted the abil-
ity for a more catered data type such as block interactions to guide
their lesson plans, with T5 explaining, "So when we do assign some-
thing and we want to make sure you’re using a ’Repeat’ block and a
’Forever’ block within your code and they’re not using that, their code
is so long and ineffective. So a quick glance with the [blocks’] color
coding would be very helpful." Four participants directly highlighted
the lack of correlation between straightforward data such as mouse-
clicking and students’ comprehension levels of lesson concepts,
with T2 stating, "So I could see where a student who still doesn’t know
what they’re doing is still clicking their mouse. Like, they might be
clicking on whatever, they don’t know what they’re doing, but they’re
still clicking around and doing things." T3 suggested that they would
like to have the option of interchanging between the two data types,
as "seeing all of that at once on a screen might be a little much for a
teacher" and mouse clicks as a data type might be beneficial for a
classroom with more easily distracted students.

4.2 Initiating Reflective Moments
Teachers were also shown three storyboards that illustrated how
a teacher may initiate reflective moments using a TA system at
varying degrees of autonomy. The boards reflected three levels of
automation: generating a prompt freely, selecting one of the rec-
ommended prompts, and initiating reflection with a given prompt.

While all but one teacher (T7) did not like the system to have
full automation over the process of composing and introducing
written reflective prompts to students, there weremixed preferences
amongst five participants on whether they explicitly preferred to
either have the freedom to compose reflective prompts or to receive
recommendations for prompts from the system. T5 did not have a
preference for any of the reflection prompt generation methods.

Three teachers expressed a preference for receiving multiple
suggestions over generating their own prompts. T3 highlighted the
benefits in a standardized set of recommended reflection prompts,
stating its ability to bridge gaps of understanding with the material
on the teacher’s end and allowing for "the novice teacher and the
experienced teacher both be on the same playing level." T2 expressed
interest in reducing the time spent on pushing a reflection prompt,
noting that "because we are very constrained on time... anything that
can be streamlined [would be] great." Two teachers seemed to prefer
creating reflection prompts on their own, with T6 citing the differ-
ences between asking a question in class and having one student
respond, or posting a reflection prompt and having the benefit of
assessing the ability of all students. The storyboard rankings using
the Dowdell method also were representative of the mixed results
(see Table 2), with recommended reflection prompts scoring a 5.0
and free composition of reflection prompts scoring a 4.83.

While participants were asked about three forms of initiating
reflective moments, many teachers suggested recommendations
for additional reflection methods. T2, T4, and T5 all suggested an
alternative form of response for the students. Specifically, T2 and
T4 both highlighted the benefits of receiving recommended reflec-
tion questions with multiple-choice answers, while T5 proposed
a scale-based response to a reflection prompt. These suggestions
were rooted in the concern that many students may not have devel-
oped adequate writing ability to make good use of the time spent
answering reflection prompts, with T4 stating "they just don’t have
the patience to read quite a bit and really interpret it and give valued
answers... this would take up a lot of time for them." T1, T6, and T7
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Rank Scenario Score
1 Scenario 7 : Teacher selects one of the reflective prompts recommended by a TA system to ask

students
5.000

2 Scenario 6: Teacher composes a reflective prompt to ask students via a TA system 4.833
3 Scenario 8: Teacher presses a button on a TA system to ping a recommended prompt, which is

the default and only prompt available
3.000

Table 2: Initiating reflecting moments scenarios and ranking.

saw benefit in students having access to multiple different reflection
prompts, allowing them to choose the one they most preferred to
respond to.

4.3 Access and Presentation of Data on Student
Reflections

The participants discussed preferences in how much a TA system
should be involved in interpreting the collected student reflections.
The TA system could present individual student responses, a sum-
mary of student responses, or a summary of responses with a rec-
ommendation on follow-up actions.

Two participants preferred to analyze individual student re-
sponses and make a decision more contingent on each student’s
needs. T1 and T6, both with smaller classroom sizes of about 10 to
15 students each, expressed concern over the summary’s inability
to discern the causes of the issues that students may have, with T6
stating "if I couldn’t see their independent—individual responses, then
I wouldn’t understand why it’s coming up with this." Four teachers
opted for a summarized format of student responses, highlighting
its time-saving quality as the primary advantage. T4 mentioned
difficulties in managing multiple tasks due to time constraints, "I
will not have time to go sit down and analyze data during class time,
there’s just no way." Of the four teachers who preferred the sum-
mary, three saw a benefit in having access to a recommendation on
next steps as well. One teacher (T5) did not see benefit in utilizing
class time for accessing or presenting data on student reflections.

Participants also expressed their opinions on whether they be-
lieve data on students’ reflections should only be viewed by a
teacher or sharedwith the class, either as a summary or anonymized
individual responses. T1 and T7 emphasized the importance of soli-
darity between students and their peers, particularly when it per-
tains to individual issues they experience. T7 states the benefits of
students viewing their peers’ responses, "seeing that not everybody
found this easy, or that it was hard for some people... there’s value
in that." The majority of teachers (5/7) preferred accessing data on
their own, citing the distractions it may cause as well as negative
associations that student’s may feel with regards to their response
being displayed in front of their peers. T5 elaborates on this further,
"I have a lot of students who have anxiety, that would throw them like,
over the edge, they wouldn’t want to respond... knowing that it would
be on the board." Of the teachers who preferred accessing student
reflection data by themselves, all of them ranked going over the
summary response above individual responses, given that both are
presented to the whole class (Table 3).

5 Discussion
Through our concept validation study, participants provided their
opinions on design recommendations that past works have made
towards a potential Scratch TA system (e.g., [21]). The participants
reached strong agreements about some of the potential design
opportunities, such as: (a) teachers (six participants; one unsure)
reacting favorably towards augmentation taking the form of a dash-
board interface, either on its own (three) or combined with ambient
lights (three); (b) all teachers preferring data of greater granularity
on students’ Scratch learning behaviors, and; (c) six teachers not
wanting the TA system to have full automation over deciding when
and how reflective opportunities should be introduced to students.
Next, we discuss the dashboard and ambient light form factor in
more detail, describe teachers’ perspectives on student involvement
in the TA system, and discuss implementation concerns, which are
interesting areas for future work.

5.1 Dashboard vs. Lighting Displays
Our participants expressed varied opinions on other aspects of a
potential Scratch TA system. For instance, there were participants
who felt that TA systems that come in the form of ambient lighting
displays may be distracting to students (3). This augmentation form
also received similar mixed reactions in past Scratch augmentation
studies (e.g., [21]). However, other works that explored ambient
lighting displays as an augmentation form outside of the BBPE
context made contradicting classroom observations, with teacher
participants not considering the displays to be a distraction to
teachers and students (e.g., [4, 44]). One of our own participants
who felt that the lights would not be distracting addressed the "first-
time enthusiasm" or "novelty effect" that a TA system may carry,
where teachers and students may be extremely excited about a new
technology when first introduced, which dwindles down over time
as it blends into a classroom routine [6].

5.2 Student Involvement in Augmentation
With regards to allowing student involvement in viewing and as-
sessing a class’ set of reflections and utilizing it as a teaching op-
portunity, some teachers were concerned that their students would
judge their peers’ answers to reflection prompts and/or feel judged
by their classmates, impacting their self-efficacy (i.e., one’s belief
in their own abilities to accomplish tasks [7]). To the best of our
knowledge, there has not been any formal investigations conducted
to explore the impacts of collaborative reflective activities on stu-
dents’ self-efficacy in programming and computing broadly. How-
ever, based on past studies that have revealed the potential benefits
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Rank Scenario Score
1 Scenario 11: Teacher accesses and reads a summary of student’s reflective responses and

recommendation on next-steps
4.367

2 Scenario 13: Both teacher and students access and read a summary of students’ reflective
responses

3.583

3 Scenario 9: Teacher accesses and reads each student’s reflective responses word-for-word 3.283
4 Scenario 12: Both teacher and students access and read each student’s reflective responses

word-for-word
2.500

5 Scenario 10: Teacher accesses and reads a summary of students’ reflective responses 2.250
Table 3: Granularity of data and automation in TA system scenarios and ranking.

of certain designs of collaborative learning in computing for el-
ementary students (e.g., [43]), we find that there is a chance for
collaborative reflective activities to enhance one’s BBPE learning
experience, as opposed to our participants’ expressed concerns
on students potentially judging each other. We encourage future
researchers to explore this further.

5.3 Challenges Faced by Teachers
We also observed that all teachers who have been teaching using
Scratch in public schools (6) grounded their responses in the sys-
temic struggles they face in a public elementary education system
in the United States. For example, teachers mentioned that the po-
tential cost of a TA system may serve as a barrier to them. The
public school teacher participants were also especially hesitant
to adopt new technology solutions such as a TA system as they
lack the time to learn about a new technology and incorporate it
into their teaching. Specifically, some were not classroom teachers
(i.e., teachers who teach core subjects such as English and Mathe-
matics) and did not allocate significant time to teach per student
group (e.g., 30 to 45 minutes per week). T3, a librarian who holds
a technology class section states, "I have 45 minutes to do a lesson
and a book exchange. With them getting in and out, it’s really like
40 minutes that I have to activate... my problem always—I’ve been
doing this 30 years—is figuring out how long it’s going to take to do
something." T7 elaborates on this concern, "Finding that balance of
student [instruction]...opportunity for students to practice, develop
something, and then the reflection piece, and then the assessment
piece. I mean, just getting it all in time... there’s never enough time."
In addition, hesitancy seemed to exist among teachers even with
adopting Scratch in their lessons, with T5, a teacher who occasion-
ally holds professional development (PD) for Scratch, expressing
others’ lack of motivation to learn, "I know some of these teachers
need PD. [My directors say] some of them don’t even use [Scratch].
Even though it’s in the curriculum, it’s just too intimidating."

We recommend future researchers to consider systemic chal-
lenges within the targeted teacher audience’s teaching environ-
ments as potential TA system designs are explored to fuse into
BBPE learning opportunities, and ensure that future designs do not
perpetuate limitations teachers face in their profession.

5.4 Limitations
Our concept validation study involved a small sample of seven
teacher participants, who were recruited via purposive sampling

strategy [33]. As a result of focusing our recruitment on teachers
who explicitly met our criteria—we were looking to hold conversa-
tions with teachers who had prior experience teaching program-
ming using Scratch at grades 3-5 in the United States—our sample
was U.S.-centric (specifically eastern U.S.) and not diverse along
the lines of race or gender. However, our participants held various
roles in public (6) and private (1) school settings—two teachers were
librarians, two teachers taught Technology, two teachers taught
Gifted and Talented program students (grouping of high-ability
elementary and secondary schools in the U.S. to tailor traditional
curriculum to students’ skill levels [9]), and one was a Computer
Science teacher—all at different schools and in urban (2) and subur-
ban (5) neighborhoods. As with studies of qualitative nature such
as ours, themes of interest that we obtained from our data are not
representative of all Scratch- and BBPE-based TA system design
preferences in other school setting and countries. In addition, the
results of this study remain theoretical. We recommend researchers
replicate our study and validate the results presented in this paper
with specific emphasis on practical trials and iterative prototyp-
ing as well as further explorations of BBPE TA systems to diverse
audiences and contexts.

6 Conclusion
To ensure that future design solutions are catered to the targeted
user audiences to the best extent possible, it is critical to hold
user-centered conversations on their design needs and preferences.
Guided by up-and-coming conversations around the potentials
of BBPE TA systems, we conducted a concept validation study
to explore the soundness of design recommendations researchers
have previously made with our targeted audience of teachers us-
ing BBPEs with grades 3 to 5. Our seven participants’ preferences
aligned with some of the recommendations—for instance, the teach-
ers exhibited interest in TA taking the form of a dashboard interface
that provided highly detailed data and did not want the system to
have full automation over tasks such as data interpretation—while
providing varied opinions and recommendations of their own. We
encourage future researchers to consider the dialogues with the
teacher participants presented in this paper, especially with regards
to their design preferences that were grounded in systemic chal-
lenges that exist in their teaching environment, as conversations
around potential BBPE TA systems continue to evolve.
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