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Abstract: Learning sciences research has demonstrated the importance of personal guidance,
where a teacher can help connect new knowledge to a student’s own experiences and interests
to promote deeper understanding. However, homework is often done in isolation where students
lack the type of guidance a teacher would provide in the classroom. To explore ways to design
technologies to allow teacher to provide effective homework guidance, we interviewed and
conducted co-design sessions with middle school science teachers about their views on
supporting student learning in the classroom and during homework. We found teachers place
high value in students doing homework but have minimized giving homework due to practical
and equity issues. The limitations of existing technologies to address this issue and the recent
increase in teachers’ use of online tools present an opportunity to reimagine the design of these
tools by building on teacher views of how to revitalize homework.

Introduction
Students benefit from learning experiences tailored to their individual needs, particularly when it includes social
interactions that foster the co-creation of knowledge (Miyaki & Kirschner, 2014). Often teachers engage in
interpersonal social dialogue with students to provide personal guidance, where teachers use socially situated
ways to build upon students’ knowledge, interests or prior experiences to maintain engagement with the material
and help construct lasting knowledge (Bernacki et al., 2021). However, homework activities are often done in
isolation where teachers and families can struggle to support students or provide adequate guidance (Cooper,
2015). The use of online learning technologies surged during the pandemic and has driven more teachers to use
these to facilitate learning at home, an increased use that is likely to persist (van der Spoel et al., 2020). However,
recent work found that teachers struggle to foster collaboration or make meaningful connections to their students
using these tools (Midcalf & Boatwright, 2020). These limitations, along with teachers’ increased experience with
online tools present an opportunity to reimagine the design of such tools to provide socially interactive personal
guidance to students during homework. As part of a larger project, our goal is to co-design a tool for middle
school science teachers that meets their needs for providing personal guidance during homework. To inform that
work, we worked with science teachers through interviews and co-design sessions and examined, (1) how and
why science teachers provide homework, and (2) how teachers would want a tool to aid creating homework and
provide personal guidance.

Theoretical Framework
Our work takes a sociocultural perspective on learning (Miyaki & Kirschner, 2014), a perspective that recognizes
how a student’s acquisition and integration of domain knowledge is built upon their sociocultural experiences and
social interactions. Classroom learning is socially situated, and students benefit from co-creating knowledge
through social exchanges with teachers and peers (Cress & Kimmerle, 2018). As teachers plan classroom
activities, they consider how to facilitate students to co-construct knowledge through interpersonal social
interactions with peers (Cohen et al., 2003) which helps build lasting and deep knowledge. Teachers actively
support their students’ classroom learning by making references to student interests and experiences, verbally
adapting content vocabulary, responsively attending to student questions and misconceptions, and prompting
discussions and reflections on learning (Bernacki et al., 2021), these socially oriented interactions are tailored
around the teacher’s own knowledge of their students and thus constitute personal guidance.
Homework is a valuable instructional tool that can enhance students’ learning, have a positive influence
on students’ academic achievements and self-responsibility, and can be particularly effective when connected to
classwork and tailored to students’ individual needs (Cooper, 2015). However, complex and challenging science
homework, involving writing opinions on new topics, discussing ideas about reading and videos, and explaining
science concepts, can require substantial scaffolding and guidance (Horsley & Walker, 2012). Given the focus in
science education on collaboration and discussion (NGSS, 2021), socially interactive learning and personal
guidance is critical for science learning at home as well as in the classroom. However, teachers struggle to design

ICLS2022 Proceedings

1501

© ISLS

learning materials that would provide such personal guidance for homework, particularly in science, technology,
and mathematics (Cooper, 2015, Horsley & Walker, 2012).
Recent online videos, articles and interactive media like Kahoot!, Kami and Gizmos, allow teachers to
provide a range of content in a more efficient way than traditional book or worksheet homework. Some learning
systems provide students automated feedback on answers, step-by-step problem-solving help, mastery tracking,
or adjust activities according to performance (Aleven et al., 2016). However, these systems often provide
scaffolding and differentiation based on student performance metrics and may be missing many aspects of the
personal guidance a teacher would provide in the classroom. To meet this challenge, we begin with the research
question (RQ): How can we design a digital tool for teachers to provide personal guidance for their students in
science homework, based on their students’ learning preferences and needs?

Method
To answer our research question, we conducted two phases of participatory design research with middle-school
science teachers to probe for what personal guidance teachers would like to provide, and how they might use a
tool to augment homework to support their students’ at-home learning. We began by conducting 1-hour semistructured interviews using Zoom with (n=9) middle school science teachers and probed for their views on the
types of personal guidance they give in the classroom and their views on homework. We analyzed and transcribed
the video data using a Thematic Analysis approach (Braun et al., 2018) to qualitatively identify patterns in the
data from the teachers’ perspectives. Four researchers, including the first author, generated semantic codes using
an inductive approach and organized the data into major categories, such as ‘Sharing Ideas’ and ‘Adapting
concepts’ from which we built, discussed, and refined emergent themes from meaningful patterns in the data.
We then used the teachers’ reflections to guide the design of a set of functional features such as a ‘record
button’, or an ‘annotation pop-up’. These were each represented as simplified representations in three co-design
sessions each with 2-3 teachers (n=7) on online whiteboard tool ‘Mural’, and could be edited and moved according
to the unfolding discussions (see Figure 1). The teachers discussed what, how, and why each of the features would
aid their homework creation and suggested additional features with the goal of building their own ideal homework
authoring tool. Each of these 2-hour co-design sessions were analyzed using a similar Thematic Analysis approach
as before. We used these new themes to (i) reflect and expand on our previous findings and (ii) to understand the
pragmatic needs of the teachers specifically for such a digital tool.
Figure 1
Teachers co-designed their tool online by creating, editing, discussing, and refining their preferred functions.

Findings
Our interviews showed that (1) teachers see homework as a valuable but have minimized the use of it, (2) the
pandemic revealed issues with at-home learning, expanded teachers’ software usage and revealed new needs, and
(3) teachers want to address homework issues through offering social tools and automated personal guidance.
Teachers view homework as an important tool to build on classroom activities and as a formative review
of their students’ understanding to address in the classroom. They also view homework can provide unique
opportunities for students to reflect or analyze work at their own pace and to tie it to their own interests. Teachers
prefer to avoid having students grapple with completely new concepts by themselves and some provide specific
guidance in the classroom to prepare them for a homework task, however many remarked that there is rarely time
to provide any form of personal guidance. Additionally, teachers have minimized the use of homework as they
believe students face varying equity issues between students due to time constraints, technical resources, and lack
family support. Teachers felt these inequities caused vast differences between student’s homework and classwork.
During the pandemic teachers expanded their use of educational multimedia for at-home tasks and now
regularly combine videos, articles, and interactive online content to meet their student’s learning needs and
amplify student engagement and learning. They also indicated that becoming more familiar with online tools
during the pandemic makes them feel more confident and interested in using an authoring tool for providing
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personal guidance to in-home learning. However, expressed difficulties in providing personal guidance with
existing tools, such as not being able to verbally walk-through tasks or support their students’ engagement in the
content. Given their new emphasis on incorporating multiple content sources, teachers indicated in the workshops
they now need ways to rapidly curate and customize homework from a range of sources.
Teachers co- designed ways to help keep their students’ engagement by adding social interaction options
more typical of in-class personal guidance, such as vocabulary support, references to past experiences, and
vocalization options. Audio-based, social tools were particularly desirable options, where the student could have
the text read aloud to them, receive vocalized help with new vocabulary words, or the teacher could include
personal messages. Teachers also wanted timesaving help from a system that would automatically add elements
of personal guidance to the homework based on student’s backgrounds, interests, and preferences they suggested
would be surveyed by the system. This differs from many existing systems that base automatic ‘personalization’
on performance metrics alone and many teachers felt current online learning options do not support their needs.

Discussion
In this study we examined teacher perspectives on how they provide personal guidance in the classroom and their
views on at-home learning, and co-designed a digital tool to aid providing personal guidance for students doing
homework. We found that (1) the pandemic exacerbated existing issues with doing schoolwork at home, but also
expanded teacher’s experience and reliance on digital media, and (2) teachers want to address practical and equity
issues of homework and want technologies that help them do so.

Exacerbated issues and increased needs
During the COVID-19 pandemic many technologies and online platforms may have rushed to meet the sudden
increased demand of home-based learning, but teachers were frustratingly unable to provide the responsive,
personal guidance and differentiated instruction they would provide in the classroom. Classwork and homework
activities fused, with the teachers using the same online resources such as interactive exercises, videos or sets of
articles for both classwork and homework, often leaving the students to work alone on the tasks in their own time.
Many of the issues that were previously confined to homework became unavoidably present during class time.
The teachers happily described their recently discovered online resources for instructional content and
media, from platforms such as such as Neslea, EdPuzzle, Edgenuity and even YouTube. Many had occasionally
used some of these prior to the pandemic, but the teachers have now explored several new platforms and have
greatly increased their usage. They may have developed a a more discriminating view on how such platforms
provide content and how they personally use them, likely to influence how they provide future homework. They
also commented on their students’ increased access to computers at home, having been provided in part by many
school districts during the pandemic. With teachers’ increased knowledge and habits using online resources and
student’s increased access, the demand for homework tools that truly extend the ability of the teacher to provide
guide their student’s learning has never been greater.

Teachers want technologies to address practical and equity issues of homework
In the interviews teachers reported how they increasingly minimize the use of homework due to inequities in
student’s time and technical resources, but in the later co-design workshops they presented a greater optimism in
being able to alleviate issues through the use of technology, especially in the use of automated personal guidance.
One reason teachers feel limited by standard tools and technology is while they provide features for scaffolding
and differentiation, the process of doing so is not only labor intensive but also do not provide the types of personal
guidance they use in the classroom to effectively support. For the teachers, digitizing the personal guidance of
the homework would not only provide levels of individualized guidance otherwise too impractical and time
consuming to do, but also affords the chance to gain insights into the student’s process of doing the homework,
with a view to gain insights about student thinking and potentially reveal misconceptions to address in class.
Although students’ access to technology at home may have been substantially improved through the pandemic,
many issues of inequity may still be unaddressed. However, teachers saw the ability of the system to provide
personal guidance for individual’s needs, preferences and circumstances would contribute significantly toward
addressing some inequities and supporting those in most need.
The findings provide us with theoretical insights into how teachers implement homework, and that
teacher views on inequities and limitations shape their decisions on the amount and type of homework they assign.
The study’s themes on teacher preferences demonstrated practical and equity issues related to homework, teachers’
need for automation in providing personal guidance and visibility of their effectiveness at home. These results
contribute to literatures on science and STEM learning by extending our understanding of how teachers need to
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provide socially supported personal guidance for science homework that builds stronger connections to the
material and support deeper conceptual learning.
We feel this work also uncovers practical implications on how to bring teacher-led personal guidance
to a student’s at-home learning environment in an effort to revitalize the use of homework. The timing of our
study during the COVID-19 pandemic also revealed an urgency for improvements. These insights also have
implications for learning sciences researchers in focusing our attention to teachers’ needs to support their students’
learning, and in guiding the design of learning environments to meet these needs. Teachers feel limited by current
methods and need systems that: (1) aid teachers to rapidly curate and customize their own homework content
across a range of resources; (2) augment teacher’s ability to add personal guidance to homework based on student
backgrounds, interests and preferences; (3) provide visibility of the students' homework process to inform future
support; (4) provide students options to choose between a range of tools, response formats and timing to complete
homework. We also consider these theoretical and practical implications may contribute outside of science
homework and inform other home-based learning such as asynchronous class participation.

Conclusion
In this study, we explore teacher perspectives on providing guidance in the classroom and in homework, on how
technologies may help them provide personal guidance and improve equity issues related to homework, and on
perceptual and practice changes taking place due to the COVID-19 pandemic. One major limitation of this study
is the small sample size, and that the majority of our sample includes teachers with significant experience in the
classroom. As such, the findings have limited capacity for generalization and may not apply well to the
perspectives and needs for inexperienced teachers. We also recognize limitations to our design implications as
they are not derived from examining teachers’ use of functioning tools or technology to support homework, but
stem from teachers’ desired affordances of a hypothetical teacher tool. While this work uncovered teacher’s
views and solutions based on their emotional and pragmatic needs, in future work we plan to explore and test
the design guidelines through further participatory research with working prototypes of the tools they conceived.
In summary, we found that teachers need systems that augment teachers’ ability to provide personal
guidance in socially meaningful ways and they may welcome new technologies to facilitate homework creation
that provides better and more equitable guidance for students during homework. These findings also suggest that
providing technology-supported personal guidance may help teachers address existing practical and equitable
issues in providing homework and revitalize its use as a meaningful extension of the science classroom.
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