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ABSTRACT

Multiple disciplines have taken interest in investigating and us-
ing teaching augmentation (TA) tools that are designed to support
teachers’ pedagogical capabilities during classroom activities. TA
systems can take various forms (e.g., dashboards, ambient displays).
However, research on TA systems that complement K-8 teachers’
in-class when their students are learning to program in block-based
programming environments (BBPEs) is nascent. For a TA system to
positively impact teaching practices, the system’s design should be
informed by a strong understanding of its stakeholders’ preferences.
Through 10 semi-structured interviews with and 37 anonymous
survey responses from K-8 teachers, we identify respondents’ pref-
erences for potential BBPE TA systems. To put their preferences
into context, we also describe how respondents typically teach
programming using a BBPE and monitor students’ progress. Our
mixed-methods approach reveals how TA systems could best target
teachers’ attention level when teaching using BBPEs and assist in
interpreting students’ behaviors while learning to code. Using these
findings, we identify directions for future TA systems to best assist
teachers in making data-driven instructional decisions and meeting
students’ learning needs.
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1 INTRODUCTION

Given that easily accessible computing education (CEd) has be-
come a globally recognized need, researchers have designed and
introduced block-based programming environments (BBPEs) with
the aim of making programming and the computing field more
approachable for all. BBPEs, including Scratch [64], iSnap [60], and
Blockly [31], offer drag-and-drop graphical block representations
of programming instructions for users to create a working pro-
gram without syntax errors. These blocks allow users to focus on
computing concepts and programming with reduced cognitive load
[19]. Given the benefits of BBPEs for novice programmers, they
have gradually grown in popularity since their introduction. No-
tably, Scratch has grown a reputation as one of the most popular
BBPEs, with 37 million registered users ages 8-16 and over 27,000
supporting educators [64].

BBPEs alone, however, cannot provide high-quality computing
instruction to all students and address challenges teachers may
face. Research shows that computing pedagogy plays an important
role in effectively introducing computing at the K-12 level [80]. In
particular, recent literature indicates that the pedagogical needs
that are most common among K-12 computing teachers include
obtaining guidance on how to best implement student-centered
teaching practices [67]. This need aligns with teaching challenges
that accompany the increased demand for personalized learning
[56], such as keeping track of students’ learning processes and
adapting teaching practices accordingly.

One way that K-12 computing teachers can obtain guidance
on student-centered practices is through technologies that are de-
signed to augment and complement teachers’ pedagogical practices
during ongoing in-class activities. Examples of such technologies, or
teaching augmentation (TA) systems [13], include learning analytics
dashboards, ambient displays, and wearables (e.g., [12, 25, 35, 38]).
Although there has been rapid growth and interest in the range
of TA system designs, this has not been the case in the context
of BBPEs like Scratch. To the best of our knowledge, there are no
Scratch-focused TA systems designed to support K-12 computing
teachers. Furthermore, work on real-time analytics for personalized
classrooms has been predominantly in university contexts [66].

In this paper, we investigate K-12 computing teachers’ needs in
a potential TA system specific to Scratch. In particular, we focus
on the experiences and needs of K-8 computing teachers as Scratch
is primarily designed for users age 8-16, and research has shown
that students’ interest in exploring Computer Science is often deter-
mined in middle school [64]. As early work, our research questions
are exploratory and include: What current unmet teaching needs do
K-8 teachers using Scratch identify that augmentation systems could
assist with? And, What augmentation forms do they prefer most?
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To address these questions, we conducted a need-finding study
that involved a mixed-methods approach. Specifically, we first con-
ducted semi-structured interviews with ten K-8 computing teachers,
all with prior experience teaching programming using Scratch. We
then complemented this study with data from a survey study of
teachers (n = 37 respondents) designed based on the interview
responses to validate our findings with a broader audience. This
approach fit best in the context of our research as little is known
about K-8 teachers’ thoughts and preferences for augmentation,
and our qualitative interview data are used to explore the topic
and construct a survey instrument to gather relevant data from an
additional sample [51].

Our findings highlight challenges and opportunities for researchers
to consider when designing a Scratch-based (or similar BBPE) TA
systems to ensure that the contributions benefit K-8 teachers and
ultimately, the students, in computing classrooms. As a result, the
main contributions of this work include: (i) insights about teachers’
preferences for TA systems involving Scratch and (ii) design rec-
ommendations for TA systems which we believe will be useful for
researchers and practitioners.

2 BACKGROUND AND RELATED WORK

Our research on exploring the concept of future Scratch and other
BBPE TA system designs is motivated by the potential of such
systems to help create a more positive affective orientation and
interest among students toward the computing field at early stages
of their education careers. Self-efficacy—or an individual’s beliefs
in their capabilities to complete a task [17], which, in our context,
is BBPE programming—is one of the fundamental factors that affect
one’s attitude towards a domain; this has been illustrated in closely
related areas such as scientific education [26]. Prior research in CEd
has shown that students’ self-efficacy predicted their outcomes and
engagement in a Computer Science (CS) course [46], and relates
significantly to their CS career orientation [9].

Unfortunately, there exists variance in levels of self-efficacy
among students engaging with computing materials. Students of
groups historically underrepresented in the computing field (e.g.,
gender, race, ethnicity) are more likely to face negative experiences,
such as not feeling welcomed in or disconnected from computing
[43], which impacts their self-efficacy toward the domain [75]. This
challenges the need for the computing field to include and be re-
spectful of all communities in order for computing innovations to
align with the needs of society’s demographics. With future BBPE
TA system designs, we aim to assist teachers in better observing
and meeting diverse students’ varying learning needs, helping as
many students as possible feel confident when learning about the
computing field via BBPEs and ultimately have increased sense of
self-efficacy toward computing.

Researchers have introduced TA systems across several disci-
plines, such as Human-Computer Interaction (HCI) [11, 25], learn-
ing analytics [50], and the learning sciences [74]. System designs
come in different forms (an illustration of example designs is shown
in Figure 1 ). For instance, learning analytics dashboards (e.g., [49,
50, 71]) provide teachers real-time information on how students
are progressing and performing in their classes with the aim of en-
hancing teachers’ in-class awareness. Alternative designs, inspired
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by the HCI notion of calm technology [79], make augmentation
available at the periphery of teachers’ attention rather than dash-
boards needing teachers’ focal attention. This includes ambient
displays, which can extend both teachers’ and students’ in-class sit-
uational awareness. For example, Lernanto indicates each student’s
learning pace through arrays of LEDs mounted on a wall, giving
teachers background awareness that can help center their teaching
practices around students’ exhibited learning needs [72]. Similarly,
CawClock uses visuals and soundscapes to enhance awareness of
in-class activities [16].

There also exist distributed TA systems, which introduce ubiq-
uitous computing in classrooms [78]. Distributed digital lamps, for
instance, are physically placed in classrooms and are designed to
provide ambient information about a class’ activities (e.g., [11]).
Lantern places ambient lamps at student desks to create a class-
room orchestration system, with which work progress and help
requests of university student teams can be depicted through sig-
nals such as pulse rate and color [10]. Firefly systems are similar
in that they create non-verbal communication channels between
teachers and students via the color shown by each student’s or
team’s lamp [11, 25].

Several projects have also explored the idea of augmenting teach-
ers’ abilities with wearables (e.g., [63]), such as smartwatches and
earpieces, some of which are designed to synchronously coach
novice teachers through a remote observer. In addition, researchers
have looked into the possibilities of using smart glasses (e.g., [38]).
With wearables, teachers would be augmented without their atten-
tion diverted away from their classrooms.

BBPE-based research related to augmentation is evolving but
still in its early stages. Many efforts focus on using learning ana-
lytics to study patterns of students’ programming behaviors (e.g.,
construction, compilation, debugging) [20, 21, 23]. For example,
Piech et al. [58] collected data from thousands of Code.org users
as they worked on Hour of Code block-based programming activi-
ties, with the overall goal of predicting the types of hints a teacher
could provide students as they complete their solutions. Leidl et al.
used Google Analytics to collect information on users’ activities in
Scratch]r, a tablet-based BBPE that adapts the basic ideas of Scratch
for a younger audience of ages 5-7 [29]. The work documents users’
behaviors in a quantitative manner, deriving insights such as the
average time spent by a user in Scratch]r and the types of program-
ming blocks that are used more frequently by users [44]. To allow
for richer interpretations of students’ actions and to aid assessment
of how they computationally think and problem solve, Grover et
al. [33] also proposed a framework that uses hypothesis-driven
analysis to support BBPE learning analytics.

To our knowledge, no TA systems exist specific to supporting
teachers using Scratch. Furthermore, support is lacking for teach-
ers to monitor students’ learning progress when using Scratch to
teach programming. Recent research on studying and predicting
students’ proficiency as they learn to program in Scratch has been
predominantly framed around code artifact analysis [8, 53, 65, 70].
Unfortunately, this approach does not provide details regarding
how students arrived at their final code solutions. Despite the in-
creased interest in efficiently collecting data on students’ learning
process through integrated development environments in CEd re-
search [39], such efforts involving Scratch have been ultimately
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Figure 1: Examples of forms TA systems have taken in recent works.

time-consuming and non-scalable, with proposed methodologies
involving mediums such as large file size screen recordings and
Adobe Flash Player (no longer supported) [28, 47].

To address the research gap in monitoring how students learn
programming with Scratch in a scalable way, Kong and Pollock
introduced an automatic logging system to collect data on the steps
that students take to develop their final code artifacts [41]. They
also introduced a semi-automatic mining workflow that extracts
clusters of programming behaviors that students commonly ex-
hibited in the context of their data set. Such scalable logging and
mining methodologies can be leveraged in the design of a Scratch
TA system that helps with monitoring students’ learning progress
while supporting teachers’ views on TA systems. However, there
lacks a user-centered investigation on how such mechanism could
be introduced to stakeholders such as teachers, which we aim to
address with this work.

3 TEACHING AUGMENTATION FRAMEWORK

Our research on TA systems for teachers teaching Scratch pro-
gramming is guided by the TA framework proposed by An et al.,
which provides system designers with a shared lens through which

various designs can be described and analyzed [13]. The frame-
work consists of five dimensions, each describing crucial design
decisions that have not received significant attention in prior work:
augmentation target, attention, social visibility, presence over time,
and interpretation.

Augmentation target describes the teaching abilities that a TA
system augments. On one end of the spectrum is Perception, which
augments the teachers’ situational awareness of their classrooms.
On the opposite end is Action, which augments the set of actions
that teachers choose to take given a situation, including automation
of some of the actions that teachers would take. Along the spectrum
is teachers’ prioritization of classroom situations to act upon while
teaching. In this dimension, there exists a tension between teachers’
needs for autonomy versus automation. The framework advises
designers to take time to understand the roles that teachers prefer
to take in educational contexts and how automation could help
or hurt while ensuring that their systems balance autonomy and
automation to benefit teachers and students [34, 37].

Attention specifies which attention level(s) a TA system targets
based on the concept of attention continuum [15]. TA systems could
be designed to require that teachers provide little focal attention
(towards the periphery) or continuous focal attention (towards the
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center of attention). For this dimension, the TA framework notes
that a teacher’s attention can be scarce during an ongoing class
session [35]. Thus, designers are recommended to effectively blend
peripheral and focal display modes to ensure that TA systems can
be accessible to teachers at multiple levels of attention.

Social visibility specifies how much information should be
visible to each of the classroom stakeholders involved in the use
of a TA system. A system could be designed to only make infor-
mation visible to the teachers and thus have a low social visibility.
In contrast, the system may allow everyone in a class, including
students, to access its information, achieving a high social visibility.
A TA system that aims to achieve a balance between low and high
social visibility would allow teachers to control which information
is shared with which stakeholders [35, 37, 49]. TA system designers
should expect boundaries between teachers and students regarding
the social visibility of any real-time information about classroom
activities. The framework recommends that designers investigate
form factors that support a sense of shared awareness to foster
student motivation and collaboration [37].

Presence over time indicates how continuously a TA system
should be present during an ongoing class session. Specifically, this
dimension determines whether insights provided via augmentation
should be sometimes present or always present. TA systems can
be designed to only provide specific information either upon a
teacher’s request or in certain situations. Alternatively, a TA system
can continuously provide information without the need for the
teacher to intentionally seek and access it. A key challenge for
TA system designers is allowing the system to help teachers in
an opportunistic way, while ensuring such opportunism does not
divert teachers away from the classroom.

Finally, the Interpretation dimension poses the question of how
the task of interpreting phenomena in a classroom space should
be divided between the teacher and the TA system. The system
can provide less-processed information in a way that teachers have
more freedom for interpretation. Alternatively, information could
be pre-interpreted by the system, making it more immediately
useful but leaving less room for interpretation by teachers. To
address this tension, designers are encouraged to find an effective
"blend" of human and machine intelligence [34].

4 STUDY 1: SEMI-STRUCTURED INTERVIEWS

To better understand how K-8 teachers utilize Scratch in their teach-
ing practices and identify their preferences for a TA system, we first
conducted a semi-structured interview study with ten K-8 teach-
ers, which was approved by our Institutional Review Board (IRB).
Detailed interview protocols are available in our supplementary
materials.

4.1 Methodology

Our semi-structured interviews were conducted online. Participants
were recruited via criterion sampling [57], resulting in a sample
of teachers with at least one school year of experience teaching
programming with Scratch in formal class settings (i.e., during the
school day). Participating in our interviews were 10 K-8 teachers
across different school districts in the eastern United States. Half
of our interviewees (5/10) were teaching in the state of Delaware
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at the time of the interview, while the remaining 5 were teaching
in Maryland. Our participants ranged in years of overall teaching
experience (M = 19.2; SD = 9.33), and all 10 teachers are current
or former partners with our or neighboring institutions’ profes-
sional development programs. Table 1 describes the 10 teachers’
demographics in greater detail.

Each interview involved two sets of questions, lasting an av-
erage of approximately 56 minutes (SD = 16.86), and was held
by teleconference upon each teacher’s consent. In the first set of
questions, teachers were asked about their teaching experience and
use of Scratch, including their levels of comfort with using Scratch
and how they integrate Scratch into their class. Teachers were also
asked questions on how they monitor students’ progress when
using Scratch and what teaching role they typically see themselves
taking when teaching with Scratch (e.g., lecturer or facilitator). This
first portion of the interview study was designed with the intention
of understanding the various Scratch-involving teaching experience
the 10 teachers brought to our interview space.

In the second part of the interview, teachers were asked questions
about their preferences in a potential Scratch TA system design,
based on the TA framework described in Section 3 [13]. We first
described potential designs for Scratch TA systems, introducing
the concept of teaching augmentation and showing them images
of various forms that TA systems have taken in recent years, such
as dashboard interfaces (e.g., [49, 50, 71]), wearables and head-
up displays (e.g., [38, 63]), distributed displays (e.g., [11, 25]), and
centralized public displays (e.g., [16, 72]). Then, the teachers were
asked to describe the Scratch-involving teaching tasks in which
they saw the greatest need for augmentation, preferred form factors
for such systems, how data should be presented, and to what extent
the task of interpretation should be divided between teacher and
system.

To analyze the collected interview data, we first transcribed
9.3 hours total of video and audio-recorded interviews. Interview
transcription involved a mix of naturalized and denaturalized tech-
niques; transcriptions included pauses in speech, but not all forms
of speech interventions were included (e.g., noises, accents) [55].
Transcripts were then coded for themes of interest using a mix of
inductive and deductive codes [27]. The code manual was informed
by our study protocol and literature such as the TA framework [13].
Initial codes included teachers’ levels of comfort with Scratch (based
on a 5-point Likert Scale, teachers’ use of Scratch features in class-
rooms (e.g., studio, remix, comments, tutorials), and their need for
augmentation (e.g., student assessment, emotional support, engage-
ment). Our coding process also involved a Gold Standard/Master
Coder approach [69]. The first author took the role of a master coder
and a second member of the research team served as the reliability
coder. We randomly selected 2 of 10 transcripts to code together.
We used Krippendorff’s alpha () to measure inter-rater reliability
as it is applicable to a great diversity of data [42], with the unit of
analysis being an answer or stream of answers for a certain topic.

With the initial version of the code book, we achieved an o = 0.68
(SE = 0.06). Krippendorff suggests that although an « > .800 is
used as a threshold of good reliability, an @ > .667 can be used
when tentative conclusions are acceptable. The two coders met to
resolve disagreements and update the code book before indepen-
dently coding the next interview. This round achieved an & = 0.70
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Table 1: Teacher Interviewees Demographics

Teacher  Gender(s)  Race Experience (years) School Type  Grade Level  Subject(s)
1 Cis Woman White 22 Public Elementary = Technology
2 Cis Woman White 2 Public Middle School Computer Science
3 Cis Woman White 27 Public Elementary =~ Technology
4 Cis Woman White 24 Public Middle School Business
5 CisMan  White 26 Public Elementary =~ Computer Science; English Language Arts
6 CisMan  White 19 Private Elementary = Technology
7 Cis Woman White 24 Public Elementary = Technology; STEM
8 Cis Woman  Black 8 Charter Elementary  Technology
9 Cis Woman White 30 Public Elementary  Elementary across subjects
10 Cis Woman White 10 Public Middle School STEM

(SE = 0.06). Disagreements were again resolved, the code book was
updated, and the master coder coded the remaining interviews.

4.2 Results

We present the emerging themes found in the interviewed K-8 teach-
ers’ responses, first regarding how they use and have used Scratch
in their teaching practices, then the preferences they expressed for
a potential Scratch TA system.

4.2.1  Part 1: Scratch Teaching Practices. We first summarize five
main themes found in teachers’ experiences with using Scratch
both inside and outside of their classrooms.

Levels of Comfort with Scratch. On a 5-point Likert Scale (very
uncomfortable to very comfortable), five teachers were comfortable
with Scratch, a common reason being that there were students
who surpass expectations and come into the classroom with more
experience with Scratch and that there is always more that a teacher
can learn. For instance, Teacher 1 (T1) stated, "I’'m comfortable
enough to do basic projects. I'm a good critical thinker, so I can figure
most out. That said, there are students that have far surpassed my
ability because they’ve been in camps and classes for years!" Four of
the remaining teachers expressed that they are very comfortable
with using Scratch in their teaching practices, while one teacher
felt neither uncomfortable or comfortable.

Using Scratch in Classrooms. All ten teachers expressed that they
fuse Scratch-involving activities with other subjects, such as Lit-
eracy, Science, and Mathematics. Four teachers revolve students’
Scratch experiences around a capstone project that students are
expected to complete at the end of their Scratch unit. Specifically,
the students complete various Scratch activities covering concepts
that would be beneficial to them toward the end of their Scratch
unit, when they would be expected to culminate those covered
concepts into a larger Scratch project. Eight teachers implement
subject-integrated Scratch activities at smaller scales, with some
reporting to have adapted publicly available Scratch-based curric-
ula to do so, such as CS First [2], Creative Computing [14], and
Scratch Encore [30]. Some (3) also explained that they have adapted
materials provided by their colleagues or school districts.

Monitoring Students’ Scratch Progress. The interviewed teachers’
ways of monitoring students’ progress when learning programming

using Scratch varied. Six teachers stated that they walk around the
class during in-class Scratch activities to answer any questions
students may have and/or examine how students are working on
the activities. Four teachers also make use of remote monitoring
and management systems, such as NetSupport [4], to observe stu-
dent performance. Four teachers ask their students to upload their
Scratch projects to designated studios as a way of monitoring their
progress with projects and/or levels of understanding. Teacher 7
(T7), for instance, expressed that students are asked to upload the
Scratch projects before they are at a state of completion and check
each student’s project throughout a Scratch lesson to see how much
they have worked on the project. T2 expressed that they use studios
slightly differently; studios served as a way of tracking how well
students are understanding concepts covered in Scratch lessons.

Pros of Scratch. There were several benefits of Scratch in classrooms
that were mentioned by the teachers during their interviews, such
as its tutorials (T7) and its user-friendliness (T8). T6 also stated
that being able to access Scratch for free outweigh some of the
limitations that the teacher believed Scratch had in a classroom
context. In addition, T4 has made use of Scratch in other languages
in their classrooms (e.g., Spanish) and has found that translations of
Scratch—Scratch is available in over 50 languages —helped address
language barriers. As T4 explained, "What I love about Scratch, too—
if you have students that have difficulty reading or students that speak
another language, it’s so easy to use, even if you have those roadblocks
in the way."

Cons of Scratch. Overall, teachers predominantly saw the need for
improvement in making Scratch friendlier for use in classrooms. For
instance, Scratch’s push for collaborative interactions with other
Scratch users raises challenges in creating a safe digital learning
environment for students. As a result, this led to a split in terms
of those teachers who enable collaboration features (e.g., remix,
comments) (7) and those who do not (5).

4.2.2  Part 2: Preferences in a Scratch TA System. We describe the
interviewed teachers’ expressed thoughts on a Scratch TA system
using the five main dimensions of the TA framework [13], and
summarize with overall benefits and issues the teachers see with
Scratch TA systems.
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Target. To determine which Scratch-specific teaching abilities should
be augmented by a Scratch TA system, we asked the interviewed
K-8 teachers two main questions, with the aim of utilizing teachers’
responses to find healthy balances between autonomy and automa-
tion of teaching tasks. Here, we elaborate on these questions and
teachers’ responses.

During the interview, teachers were asked to describe Scratch
teaching tasks for which they saw the greatest need for such aug-
mentation, as teachers’ need for autonomy may vary depending
on the types of tasks [37]. Six participants in our study stated that
they would like TA systems to help achieve high engagement levels
among students as they work on Scratch-involved activities (3) and
maintain and/or enhance students’ motivation to learn program-
ming via Scratch (5). T2, for instance, stated: "student motivation,
knowing who was more motivated or, ‘he was getting stuck on a cer-
tain area,” because not all the students will tell you if they’re kind of
stuck on something right away. So definitely some sort of monitor for
that." Five teachers also stated that it would be helpful for Scratch
TA systems to augment teachers’ abilities to provide emotional sup-
port, with T1 and T10 specifying that frustration among students
was an emotion they wished to address.

Four teachers wanted future Scratch TA systems to augment the
task of assessing students’ work and/or learning progress. Teachers’
ideas for such assessment-related augmentation came in various
forms. For instance, T10 expressed that they "really do struggle with
coming up with good assessments and rubrics,” and indicated that
Scratch TA systems could guide how to best assess their students.

Some participants (4/10) also expressed that they would like for
Scratch TA systems to help both teachers (3) and students (2) with
effective time management during class, whether it be for teachers
to best spread their time among their students when providing in-
class support or for students to manage their time while working
on their Scratch projects. Other participants (2/10) also specifically
saw a need for teaching augmentation when getting all students
started with using Scratch (e.g., to account for differences in levels of
understanding, to monitor whether students have properly logged
into their Scratch accounts for class).

Teachers were also asked during the interview about the roles
they take in the class when teaching using Scratch. Such insight
is important in determining how to effectively balance teachers’
autonomy with automation for future Scratch TA system designs,
as teachers’ needs for autonomy may differ between those who see
themselves predominantly working in lecture-heavy contexts and
those who position themselves as facilitators [12, 25]. Six teachers
saw themselves taking both the roles of a lecturer and a facilitator,
providing students with concrete instructions as needed and also
allowing students to work at their own pace. Four participants
strictly described themselves as more of a facilitator in lessons that
are self-paced. Specifically, both T3 and T5 encourage students to
take leadership roles in their classrooms, allowing students who
are very comfortable with Scratch to help peers who are not or
would normally shy away from asking teachers for help.

Attention. To explore what levels of attention the interviewed teach-
ers would be comfortable with sparing with a Scratch TA system,
we asked participants what their preferred and unfavorable forms
of augmentation would be. Participants took the most interest in
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distributed displays such as ambient digital lamps (7/10) and half
the group also expressed that augmentation could come in the
form of a dashboard interface (5/10). No participants mentioned
that they preferred that augmentation is available as a centralized
public display. There were also teachers who were interested in
wearable devices (3/10), with T4 finding it beneficial to be able to
access augmentation anywhere in their classroom using wearables
such as smartwatches. In addition, two teachers were captivated
by the idea of augmentation being available in the form of head-up
displays.

At the time of the interviews, no teachers mentioned dashboard
interfaces as an unfavorable Scratch TA system design. Three teach-
ers were not in favor of using wearables in their classrooms, with
T1 stating that they may find it distracting while teaching, and T3
and T8, who are currently smartwatch users in their daily lives,
not being sure about using them for teaching purposes. There were
also teachers who did not see themselves using head-up displays in
their classrooms (3/10). Some were uncertain about TA systems that
take the form of centralized public displays (3/10) and distributed
displays (2/10) because they could be costly or anxiety-inducing.

Social Visibility. When asked with which stakeholders augmented
awareness of a classroom should be shared, all teachers agreed
on allowing information from Scratch TA systems to be visible to
students. Four teachers expressed that they would be okay with
students having full access to the types of information, but two
specified that each student should only be able to see information
that is specific to them, as seeing that of peers or knowing that
their information is being shared with their classmates may be a
form of disrespect to their privacy. Several teachers, on the other
hand, believed that students should have access to some, but not all,
types of information offered by a TA system (3). T9, for instance,
stated that they would show students a system’s information when
providing feedback ("I would use the data in either a one-on-one
conference or a small group conference to show growth and just set
growth."). Two preferred future TA systems not come with a default,
but rather allow teachers to set levels of access and visibility to
students.

Presence over Time. To achieve a sound balance in how continu-
ously augmentation is available to teachers, participants were asked
whether they thought augmentation should always be present (e.g.,
continuously available for intentional or opportunistic access) or
sometimes present (e.g., available on-request or contextually). Five
teachers voiced that the presence of augmentation should be cus-
tomizable according to what individual teachers need within the
context of their classrooms and teaching practices. Two teachers
favored that augmentation always be present in their classrooms
(e.g., T10 stated, "I think it’s a tool that’s going to help us and if it’s a
tool that helps, I like the idea of being able to know where my kids are,
and that’s something I'm going to always want to know."). Conversely,
T6 wanted augmentation to be sometimes present (“Sometimes. Not
all the time. It could become a distraction."). In addition, two other
teachers were unsure, with T4 stating that they would not know
until they tried utilizing TA systems.

Interpretation. Interviewed teachers were asked to describe their
thoughts on the extent to which the task of interpreting students’
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Scratch activities should be divided between a teacher and the
system. Half the group of interviewed teachers specified that they
would want to take on more of the interpretation task, one of the
main reasons being that information provided by the system has
to be interpreted according to the varying learning needs of their
students. T7 elaborates on this further:

I definitely think [interpretation] needs to be differenti-
ated per child, whether you have somebody who’s [in]
special needs or ESL [English as a second language].
That all needs to be taken into factor and I don’t know
if a computer can automate that. You might have a
student who has mental health issues who needs extra
support in that area. So, I think the empathy part of the
teacher needs to be involved in that. (T7)

Some teachers thought that the interpretation task should be a
collaborative effort between the teacher and the system, where a
teacher is able to make their own judgements about information as
a result of augmentation, but still be given some automated sugges-
tions that could give teachers a starting point for interpretation (3).
For instance, T5 mentioned that they would perceive the systems’
interpretation as an "unbiased view of things." T4 elaborated, ("I think
every teacher has bias, and I think [a TA system’s interpretation] is a
non-biased way to look at the data").

Benefits of Augmentation. To conclude the interview, the teachers
described various ways in which they believed a Scratch TA system
may benefit both teachers and students, if any. Mentioned benefits
included being able to do the following: monitor students’ progress
when learning programming with Scratch (3); adapt their lessons
according to students’ exhibited learning needs (3), and; provide
better-quality support (2) and feedback (2) to students before they
feel frustrated (T10), for instance, by dividing focus appropriately
(T9). One teacher, T5, also saw the potential for such systems, if
designed according to both teachers’ and students’ needs, to en-
courage more equitable teaching practices.

Issues of Augmentation. Teachers also listed potential issues that
an introduction of a Scratch TA system may bring to a classroom.
For instance, students may have an increased sense of competition
against their peers, especially if the awareness of a class’ activity is
shared among both teachers and students (3). Cost of TA systems,
especially when they are physically present in the classrooms, may
serve as a barrier against teachers utilizing the systems to augment
their teaching practices (3). The presence of TA systems may be a
distraction to some students (T4) and also invoke emotions among
students that may be harmful to their learning experiences (4), such
as discomfort (T2), stress (T5), and anxiety (T1). Some stakeholders
may also view Scratch TA systems’ use of information of their
learning activities as a privacy invasion (2). In addition, students
may attempt to win the TA system and ultimately not fully benefit
from learning with Scratch (T3), and both students (T5) and teachers
(T10) may become dependent.

5 STUDY 2: SURVEY

To contextualize our interview findings with a broader audience,
we conducted an anonymous online survey using Qualtrics. The
survey study was also approved by our IRB.
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5.1 Methodology

Using snowball sampling, we recruited teachers who have taught
using Scratch primarily at the K-8 level in at least one formal class
session in the United States. To distribute the survey, we first di-
rectly invited K-8 teachers in our 2022 cohort of our institution’s
annual CS professional development program. We then welcomed
the teachers to share the survey with their colleagues who met our
criteria.

The survey was designed to serve as a complement to the qual-
itative data from the interviews. Specifically, each question was
composed around the key themes that emerged from the intervie-
wees’ questions. First, the teachers were asked to watch a brief
video that described the purpose of the survey, as well as what is
implied by "teaching augmentation." The teachers were then asked
about their preferences in regards to a Scratch TA system and the
various forms a TA system can potentially take. The survey con-
cluded with demographic questions to understand our respondents’
background, teaching experience, and school environment. Each
question offered closed-ended response options based on the inter-
view themes, as well as open-ended options that allowed survey
participants to elaborate on their responses. Survey questions are
provided in the supplementary materials.

Participants were compensated for their participation using an
incentive scheme. The first 50 survey respondents who met our
criteria and completed all of the survey questions were eligible
to receive a $50 Amazon gift card. Respondents were also given
an additional $10 Amazon gift card for every person they recom-
mended to take the survey provided that the referred respondent(s)
also fully completed the survey. Each respondent could receive
additional gift cards for up to 5 referred teachers (i.e., maximum
$100 total).

5.2 Data & Analysis

After removing responses from bots using fraud detection measures
(see [61]) and incomplete responses, 37 respondents met our inclu-
sion criteria and finished the survey. None were repeat participants
from the interview study.

5.3 Participants

Our pool of respondents was made up of 21 cis women and 16 cis
men, 35 of whom identify as not having a disability or other chronic
condition (2 preferred not to disclose). The participants closely
identify as White (29), Black or African American (9), American
Indian or Alaska Native (3), Asian or Asian American (3), Hispanic,
Latino, Latina, or Latinx (3), Middle Eastern or Northern African
(2), and/or Native Hawaiian or other Pacific Islander (1). The survey
respondents brought with them an average of 10.27 years of overall
teaching experience (SD = 8.79). Their prior experience teaching
using Scratch in formal class settings at the time of the study varied,;
11 teachers have used Scratch for 6 to 12 months, 9 teachers for 1
to 2 years, 7 teachers for 2 to 5 years, 5 teachers for more than 5
years, and 5 teachers for 6 months or less.

All 37 respondents teach or have taught using Scratch primarily
at the K-8 level (i.e., 9 at grades K-2, 15 at grades 3-5, 18 at grades 6-8)
and, according to the United States Census Bureau [22], represent
20 Southern, 10 West, five Midwest, and two Northeast states. They
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teach various subjects in various types of schools—21 teach at a
public school, 15 at private schools, and one at a charter school—
in suburban (23), urban (13), and rural (1) settings. The majority
(30) of respondents’ schools are predominantly made up of White
students, while four are made up of Black or African American
students and two American Indian or Alaska Native (one teacher
responded that they were unsure). More than half of respondents
(19) teach students who have an Individualized Education Plan or a
504 Plan due to disabilities or special needs, and 18 teachers teach
students identified as English-language learners (ELL), also known
as limited-English proficiency.

5.4 Results

Here we describe key findings from our survey, first according to
the TA framework dimensions, then report on additional comments
from the respondents on the impacts of augmentation on BBPE
instruction and learning.

5.4.1 Augmentation Target. On a 4-point Likert scale from "Not
at all" to "Extremely" useful, the respondents indicated how useful
they would find a TA system should it be designed to meet each of
the augmentation needs expressed by the interviewed teachers from
the previous study. All nine types of augmented needs presented in
the survey were rated as either "Extremely” or "Somewhat" helpful
by a majority of the respondents (32/37; 86%). The most favorably
rated augmented needs include: providing better feedback (e.g.,
informing a student what they have done well when programming
in Scratch and what skills they could improve upon); maintain-
ing and supporting students’ engagement when learning Scratch;
monitoring students’ progress when learning Scratch; and adapting
Scratch lessons according to students’ learning needs. Two teachers
described an additional teaching task specific to Scratch that they
would like to have augmented support for, which is to be able to
better monitor how and where students dedicate their attention to
within the Scratch website (e.g., "monitor the percentage of time that
students spend working in their own projects, as opposed to playing
other people’s Scratch games from the gallery”). Examples of aug-
mentation needs that were deemed not as helpful by the teachers
were assessing students’ Scratch programming skills, as well as
managing both the teachers’ and students’ time while teaching and
learning to program using Scratch in class respectively.

5.4.2  Social Visibility. When asked with which stakeholders aug-
mented awareness of a classroom should be shared, the respondents
varied in how much information that they believe individuals and
the class should be able to access. Approximately half of the respon-
dents (19/37; 51%) stated that as stakeholders, students should have
full access to information on their individual Scratch performance
shown in a TA system (e.g., amount of time a student spends on a
Scratch project, automated predictions of a student’s Scratch pro-
gramming strengths/weaknesses). Less than half of respondents
(16/37; 43%) expressed that students should only be able to access
some types of such information offered by a TA system while only
two participants specified that visibility of such information should
be customizable by teachers. The respondents’ thoughts on levels
of access and visibility to students differed in whether a TA system
should only offer aggregate information of the whole class’ Scratch
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performance shown in a TA system (e.g., a student can observe
their class’ average Scratch performance or a student should also
be able to observe each classmate’s Scratch programming learn-
ing pace). More than half of the respondents (21/37; 57%) thought
students should only have some access to such information, 22%
believed that students should have full access (8/37), 16% stated that
TA systems should allow teachers to customize students’ access
to such information (6/37), and the remaining 5% expressed that
students should have no access at all (2/37).

5.4.3 Presence over Time. When asked about their preferences re-
garding the extent to which augmentation should be continuously
available to teachers over time, the majority of the respondents
(26/37; 70%) preferred that teachers be able to customize an aug-
mentation’s presence. A respondent further clarified that "teaching
at any level is a constant state of recognizing and observing student
needs in real-time and adapting your style and level of instruction
accordingly," and thus being able to customize would be of utmost
importance. Another added that a TA system’s presence "should
be customizable so that a teacher may choose when to use it, but at
the same time, feel that [the] TA [system] should always be (readily)
available for an educator to use at any time." On the other hand, 16%
(6/37) stated that they would want augmentation to sometimes be
present (e.g., available on-request or contextually) while 14% (5/37)
preferred for it to always be present (e.g., continuously available
for intentional or opportunistic access).

5.4.4 Interpretation. The survey respondents’ thoughts around
interpretation tasks differed from those of the interview study par-
ticipants, out of whom half the group expressed that they would
want to take on more of the task. In the survey, being able to tailor
TA system features to each teacher’s unique needs was a theme
observed in approximately half of the respondents’ preferences
regarding a TA system’s involvement in the task of interpreting
students’ Scratch activities (20/37; 54%). The remaining respondents
were split on whether a teacher or a TA system should take on more
of the interpretation task; 27% (10/37) wanted teachers to take on
more of the task while 19% (7/37) preferred that the TA system do
more. One of the respondents elaborated on their preference for a
TA system to take more charge of the interpretation task, "In an
ideal world, the teacher should have more of a role in interpreting. The
reality of teaching, however, is that teachers need quick and efficient
tools so that they don’t have to spend a lot of time interpreting, and
quickly read and understand data."

5.4.5 Attention. Survey respondents indicated to which extent
they preferred various forms of TA systems using a 5-point Likert
scale ("Never" to "A great deal"), then had the option to elaborate
on their ratings for each of the TA forms. The respondents’ ratings
are described in greater detail in Table 2. Overall, the respondents
favored dashboard interfaces the most. Some of the reasons for their
preference for dashboard interfaces included being able to more
easily monitor student progress and then accommodate students
better accordingly. A respondent specifically brought these points
up in the context of scalability (i.e., a dashboard makes personalizing
instruction with a large group of students possible in a time-efficient
manner). Another respondent mentioned their experience with
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Table 2: Survey respondents’ preferred forms of TA systems according to a 5-point Likert

scale ("Never" to "A great deal").

Ratings from survey respondents (n=37)

A greatdeal Much  Somewhat  Little Never
TA system forms N % N % N % N %2 N %
Dashboard Interfaces® 9 25% 19 53% 5 14% 2 6% 1 3%
Distributed Systems 10 27% 12 32% 8 22% 5 14% 2 5%
Smartwatches 5 14% 8 22% 17 46% 5 14% 2 5%
Head-up Displays 10 27% 12 32% 8 22% 4 11% 3 8%
Public Peripheral Displays 9 24% 11 30% 12 32% 3 8% 2 5%

4We only report on n=36 ratings for dashboard interfaces as 1 response was missing a rating for this TA form.

using the analytics feature on CodeMonkey [7], an online game-
based learning environment, which they felt was "good to see the
progress the [students] have made and the areas where they are having
difficulty.” They then noted their curiosity as to how Scratch-specific
analytics would work unless there was a set of developmental skills
defined, especially given its open-ended nature.

The respondents were split on their preferences for distributed
systems, head-up displays, and public peripheral displays. The re-
spondents listed unique benefits for each of the three TA forms.
Specifically, they felt that: distributed systems could serve as an
alternative communication medium for students (i.e., ELL, intro-
verted, or shy students could ask for help without needing to ver-
balize the request); head-up displays would not require teachers
to divert attention away from students while accessing data on
student progress offered by a TA system; and public peripheral
displays could increase engagement of some students. The respon-
dents, however, specified that the three TA forms all share the
same drawback, which is that they could be distracting to teachers
and/or students and "limit my ability to take advantage of ‘teachable
moments.”" In addition, some respondents were concerned about
making information on students’ Scratch performance visible to
their peers via forms like distributed systems and public peripheral
displays.

TA systems in the form of a smartwatch were favored the least
by the respondents. Although the respondents thought that smart-
watches could create useful opportunities to assist and support
novice teachers and those not comfortable teaching certain con-
cepts, smartwatches were also viewed as distracting to both teachers
and students. Additionally, they might prevent teachers from deliv-
ering "direct and quick intervention" at their fullest potential and
take away meaningful discussion opportunities, for instance, when
teachers deviate their attention from the students and classroom to
a smartwatch.

5.4.6 Benefits and Issues of Augmentation. To consider how future
BBPE-based TA system designs impact teaching and learning ex-
periences, the respondents were asked to describe how they see
their preferred form of TA system impacting learning goals and/or
outcomes. The respondents predominantly held positive views to-
ward the systems’ potential impacts in classrooms. Some of the
mentioned positive traits of the respondents’ preferred TA system
designs included having "a quicker and better understanding [as

teachers] of student performance or mastery of skills,” being able to
"enhance students’ interest in learning" and "implement personalized”
and "targeted teaching,”" as well as enabling "better communication
and dialogue with students."

The respondents also pointed out challenges and barriers that
may come with the implementation of TA systems in BBPE in-
struction. Logistically, the respondents were concerned about the
funding for and cost of the TA systems, as well as the additional
time and training that may be required of teachers in order to
properly adopt TA systems. Some respondents mentioned various
stakeholders’ reactions to the integration of augmentation (e.g.,
school administrators and parents’ impressions of TA, increase in
distraction among students) as well. However, when asked about
how likely their school administrators would allow the respondents
to use BBPE-based TA tool(s) in their classrooms, using a 5-point
Likert question ("Extremely unlikely" to "Extremely likely"), the
majority of respondents answered either "Extremely likely" (49%)
or "Somewhat likely" (46%), with only 5% answering "Neither likely
nor unlikely"

6 DISCUSSION

Both interviewed and surveyed teachers discussed several Scratch
teaching tasks that they thought a TA system might help with. Both
groups of teachers favored TA systems that are able to help main-
tain and enhance students’ levels of motivation and engagement,
and adapt Scratch-involving lesson plans according to students’
expressed learning needs. The interviewees specifically exhibited
preference for autonomy during such Scratch teaching tasks, given
that all 10 take the role of a facilitator during Scratch-involving
classroom activities.

We found that our participants’ expressed augmentation needs
were in alignment with empirical findings on common pedagogical
needs among K-12 computing teachers, one of which is to receive
guidance on implementing student-centered teaching practices [67].
By introducing BBPE-based TA systems designed to meet augmen-
tation needs to achieve student-centered teaching, students may
feel more confident and positive about their BBPE learning experi-
ences. Further, TA systems designed to support student-centered
teaching practices may also help reduce student anxiety and fears
of failure. Such a system would thus support our research’s overall
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motivation to assist teachers in creating a greater sense of com-
puting self-efficacy among their students when learning about the
domain through block-based programming. For example, TA sys-
tems in the form of a dashboard interfaces could display to teachers
easy-to-grasp summaries of information on students’ motivation
and engagement (e.g., measured through their activities and time
spent within a BBPE as described by some survey respondents).
Should teachers make use of such information to more productively
divide their time, attention, and support among students, especially
for those who are at risk of or have developed a sense of anxiety
and/or a fear of failure while learning with a BBPE, the overall
levels of motivation and engagement—and ultimately students’ self-
efficacy toward computing—may improve. Using BBPE-based TA
systems in this manner, teachers could potentially receive more
support to achieve a healthy balance between direct instruction
and open-ended exploratory learning in their pedagogy.

In both interview and survey studies, the participants’ most
preferred augmentation form was a dashboard interface. The re-
maining four examples of TA forms (distributed displays, head-up
displays, wearables, centralized public displays) received mixed
reactions across the two studies, with each augmentation form
bringing in benefits that are unique to its traits and helping to meet
some of the teacher participants’ expressed needs, but ultimately
carrying various concerns. The participants’ concern that augmen-
tation could end up being distracting to teachers and/or students
should it come in any of the four forms was especially in contra-
diction to observations from prior work on augmentation outside
of the BBPE context. For example, pilot and user exploratory stud-
ies conducted with previously introduced TA systems in some of
the four forms revealed that teacher participants did not consider
the TA systems to be a distraction to the teachers and students
(e.g., [11, 16, 63, 72]). The use of several existing TA systems has
been with what some called ‘first-time enthusiasm, where there
exists high levels of enthusiasm with the introduction of a new
technology, but the enthusiasm decreases as it becomes more part
of teachers’ and/or students’ routines [16].

All participants in both interviews and survey responses be-
lieved that students, as stakeholders, should also have access to
information offered by a TA system to some extent. However, teach-
ers’ opinions on students’ levels of access varied. Some were open
to the idea of students having full access while others felt that
students’ levels of access should be controlled. Their views also
differed based on whether a TA system was providing information
on each individual student or the whole class’ Scratch performance.

The two studies’ participants had mixed preferences on to what
extent the task of interpreting in-class phenomena on students’
BBPE learning should be divided between a teacher and a TA system.
54% of the survey respondents wanted to share the task with the
TA system, while half of the interviewees favored taking on the
task more.

In addition, the teachers felt that there were several benefits and
issues to the introduction of a TA system. They see potential for
augmentation to benefit both teachers and students should a TA
system be successfully designed to meet both stakeholder groups’
needs, but also see TA systems’ potential for interrupting students
who are learning programming using Scratch. While these findings
around teachers’ preferences for Scratch-based TA systems may not
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be representative of the greater teaching community, they suggest
that teachers would find TA systems beneficial if their expressed
teaching needs are met.

6.1 Design Recommendations and Future Work

Based on the results from our studies focused on teaching program-
ming with Scratch and using the TA framework by An et al. [13], we
make design recommendations for TA systems, which are broadly
applicable to BBPEs like Scratch.

6.1.1 Augmentation Target. For teachers like all 10 of our inter-
viewees, who act more as facilitators when conducting Scratch-
involving lessons, with some occasionally mixing in lectures, we
recommend that TA systems be designed for their more likely use
of helping to extend a teacher’s ability to monitor happenings in
their classrooms. Teachers gave this monitoring capability a higher
priority than more than receiving automated suggestions from TA
systems on what types of actions to take. However, the interview
and survey participants also provided insight into other teaching
tasks that they would like for a BBPE TA system to assist them
with including: engagement, motivation, and implementing student-
centered practices. TA system designs should also consider how to
help with these important tasks.

6.1.2  Attention and Presence over Time. Based on how beneficial or
unfavorable the interview participants viewed the various forms of
TA systems, it may be most beneficial for K-8 school settings if BBPE
TA system designers focus on providing teachers augmentation in
the forms of dashboard interfaces and distributed displays in future
work. A combination of both forms is also recommended to make
augmentation available at multiple attention levels.

6.1.3  Social Visibility. Future TA systems should support views
for both teachers and students. Overall, our participants believed
that augmented awareness of a classroom should be shared with
students, who are also one of the main stakeholders of TA systems.
However, there were split opinions on whether students should
have some or full access to the information provided by a BBPE
TA system. Follow-up discussions with a larger group of teachers
and students in various class and school settings are needed to
concretely determine what would be best for both stakeholders.

6.1.4 Interpretation. In the K-8 context, we believe TA system
designs may benefit teachers the most if human interpretation is
prioritized while information is still presented in a way that teach-
ers would not have difficulty comprehending it. Several user and
prototype-based studies may be needed to identify how informa-
tion should best be presented to teachers. Given some teachers’
perception of BBPE TA systems serving as an unbiased perspective,
we also recommend future BBPE TA system designers to practice
decentering themselves from dominant ideologies that contribute to
the persistence of bias in society throughout the designing process,
to prevent the risk of bias fusing into their designs and broadly,
teachers’ teaching approaches and students’ learning experiences
[24].
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6.2 Limitations

There are several limitations of this work. First, the data that
we present is U.S.-centric and may not reflect Scratch-involving
teaching practices and preferences in other countries. Our semi-
structured interview study involved a small sample of teachers,
none from the same school, in two states in the United States,
which should be taken into account when interpreting the results;
the themes commonly found through our interviews are, by no
means, exhaustive or definitive. We expanded our data through a
survey as a quantitative supplement to the interview responses and
intended for our survey to involve a large sample. Because we were
recruiting a very specific demographic of participants—teachers
who teach or have taught using Scratch at the K-8 level in the United
States in one or more formal class sessions (e.g., during the school
day)—we could not obtain a statistically significant set of responses.
The teaching context of the participants may not represent all kinds
of teaching environments; however, our samples did include public
and private schools, and urban and rural schools. While our partic-
ipant samples may not represent all teaching contexts, our study
results indeed highlight potential design decisions and preferences
of teachers for BBPE-based TA systems. Like any research study
of this kind, we recommend replications of our study with larger
audiences representative of other communities.

7 CONCLUSION

The potential of TA systems has been explored across several dis-
ciplines at the intersection of education and HCI. To ensure that
augmentation has a positive impact on teaching practices, designs
of TA systems should be guided by their stakeholders’ expressed
preferences. In this work, we conducted 10 semi-structured in-
terviews and collected 37 anonymous survey responses from K-
8 teachers to pinpoint their preferences in potential TA systems
involving Scratch, a renowned BBPE. Based on our findings, we
present design recommendations for future systems around the 5
key dimensions of the TA framework [13], such as best targeting
teachers’ attention level through their preferred TA forms (dash-
boards and ambient displays) and prioritizing teacher interpretation
of students’ behaviors while using BBPEs over that of an automated
system. We encourage future TA system designers to consider our
recommendations and how their designs can best assist teachers
in meeting students’ varying learning needs through data-driven
instructional decisions. As a result, our work will be of interest to
users of BBPEs including Scratch, teachers, school administrators,
application designers, and researchers working on improving CEd
learning environments.
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