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Abstract
Spoken English proficiency is a powerful driver of economic mo-
bility for low-income Indian youth, yet opportunities for spoken
practice remain scarce in schools. We investigate the deployment of
a voice-based chatbot for English conversation practice across four
low-resource schools in Delhi. Through a six-day field study com-
bining observations and interviews, we captured the perspectives
of students, teachers, and principals. Findings confirm high demand
across all groups, with notable gains in student speaking confidence.
Our multi-stakeholder analysis surfaced a tension in long-term
adoption vision: students favored open-ended conversational prac-
tice, while administrators emphasized curriculum-aligned assess-
ment. We offer design recommendations for voice-enabled chatbots
in low-resource multilingual contexts, highlighting the need for
more intelligible speech output for non-native learners, one-tap
interactions with simplified interfaces, and actionable analytics for
educators. Beyond language learning, our findings inform the co-
design of future AI-based educational technologies that are socially
sustainable within the complex ecosystem of low-resource schools.

CCS Concepts
•Human-centered computing→ Field studies; •Applied com-
puting→ Education.
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1 Introduction
English remains a gateway to academic progression and labor-
market opportunity in India, yet many government and low-fee pri-
vate schools struggle to provide sustained opportunities for spoken
practice. Large class sizes, limited exposure to proficient oral models,
and teachers with similar proficiency levels as their students con-
strain interactional learning [68, 78]. Infrastructural deficits com-
pound these pedagogical challenges: only 57.2% of Indian schools
have functional computers and 53.9% have internet access, making
it difficult to create sustained, technology-enabled practice envi-
ronments [53]. These constraints matter because the economic
returns to spoken English proficiency are sizable, especially for
youth entering customer-facing and service work [45]. With gener-
ative AI increasingly reducing the cost of polished written English
[18, 52], the relative value of spoken English is only rising. In short,
India’s multilingual English-medium classrooms face a structural
undersupply of opportunities to speak English, precisely the kind
of practice that supports learning and confidence-building. Our
study sits at the intersection of HCI for Development and second-
language pedagogy, guided by two premises: First, in low- and
middle-income school systems, generic technology deployments
often yield weak or null effects, whereas level-appropriate, teacher-
aligned interventions can produce sizeable gains [1, 25, 47, 61].
Second, conversational agents show promise for oral proficiency by
supporting turn-taking and contingent feedback, though challenges
remain in reliability and feedback quality [15, 76, 80, 83]. These
insights align with established accounts that emphasize negotiation
of meaning, “pushed output”, and low-risk practice environments
for second-language acquisition [40–42, 44, 50].

Together, these dynamics foreground design and deployment
challenges for affordable schools in India: sustaining robust voice
interactions under intermittent connectivity, coordinating class-
room–home technology use within rigid timetables, and offering
teacher-facing analytics that aid rather than encumber practice.

Against this backdrop, we conducted a six-day, multi-stakeholder
field study of a prototype spoken-English chatbot in four low-fee
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schools in Delhi. Students interacted with the chatbot daily, while
we gathered rich qualitative data through observation and inter-
views with students, teachers, and principals.

We adopted an interpretivist, multiple-case qualitative design
[29], structured into two phases: (1) real-time observation with
immediate feedback (Day 1), where students were introduced to
the chatbot and engaged in a supervised session followed by a
feedback discussion; and (2) extended use with delayed feedback
(Days 2–6), where students continued to use the chatbot daily while
researchers observed interactions and collected reflective feedback.
This approach allowed us to examine not only immediate usability
and reception, but also how perceptions evolved through repeated
use.

We focus on three research questions:
RQ1: How do students, teachers, and principals, in a low-
resource, multilingual school environment, experience a
voice-based English-learning chatbot?
RQ2: What technical and pedagogical factors enable or hin-
der student engagement with the chatbot?
RQ3: What design adaptations could optimize the chatbot’s
usability and educational value in such contexts?

In the process of answering those three questions, we make the
following contributions:

• An empirical multi-day,multi-stakeholder purposivemaximum-
variation sampling field study of a voice-first English prac-
tice chatbot across four low-resource Delhi schools, detailing
confidence trajectories and turn-taking frictions unique to
multilingual classrooms (N=23 students, 6 teachers, 5 princi-
pals).

• Specific design knowledge and tensions that enable sustain-
able adoption and support in environments where reliability
cannot be assumed.

• A checklist for field implementations of educational chat-
bots in resource-constrained multilingual communities and
pathways to integrate with national platforms.

2 Related Work
2.1 Conversational Chatbots
Conversational agents have become one of educational technol-
ogy’s most rapidly adopted strands. A recent systematic review
found that the research on educational chatbots has grown steadily,
with language learning emerging as the single largest application
domain [20, 27, 35, 36]. Parallel meta-analyses similarly report ro-
bust but heterogeneous learning benefits [54, 76]. More recent
empirical work reinforces this trend: for example, AI chatbots have
been implemented as conversation partners in EFL classrooms to
increase speaking opportunities and confidence [81], and studies of
self-directed chatbot use show that learners leverage conversational
agents to practice communication strategies and regulate their own
learning processes [30].

From a theoretical standpoint, chatbots can be framed within
established learning theories. In sociocultural terms, they function
as tools in the learner’s Zone of Proximal Development (ZPD) [75]
by offering contingent scaffolds (i.e., support tailored to the learner’s
current level). Activity Theory provides another lens, focusing on
how the chatbot mediates language learning activity as part of a

broader system [10], where the chatbot serves as a mediator in
the learning process. Chatbots operationalize ZPD by providing
contingent scaffolding [79], while Activity Theory frames human-
chatbot-task mediations [17]. Recent design-oriented work further
illustrates how pedagogical structure can be embedded into chatbot
systems; for instance, curriculum-driven approaches synthesize
conversational data to align chatbot interactions with instructional
goals [37], reflecting a growing emphasis on integrating chatbots
more deliberately into educational ecosystems.

Within educational applications, language learning remains the
dominant testbed for chatbots. Conceptual reviews [26, 28] and
three independent meta-analyses [76, 80, 83] converge on a moder-
ate mean effect (g ≈ 0.50) for chatbot-assisted language learning.
These effects are moderated by factors such as the type of language
task and interface modality used. Voice-based agents merit special
attention. A recent meta-synthesis of 57 voice-chatbot studies [38]
found that using voice can make interactions feel more authen-
tic for learners. Still, it also introduces higher speech-recognition
difficulties, especially for young and non-native speakers.

2.2 Chatbots in the Global South
Clearly, educational technology (EdTech) initiatives have not uni-
formly solved the problem of teaching spoken English and provid-
ing avenues to practice it. Device-only or content-push programs
showmixed or null effects without strong pedagogy, while targeted,
level-appropriate tools can produce large gains [12, 13, 47, 61]. Re-
cent policy syntheses caution that technology should be instruc-
tionally purposeful and deployed on learners’ terms rather than as a
one-size-fits-all solution [2]. Voice interfaces are salient for spoken
L2 (second-language) development because they afford real-time
turn-taking and feedback. Focused reviews of chatbots for speaking
report gains in interaction, motivation, and oral performance, while
also noting issues of reliability and feedback quality [15, 80]. At the
same time, the speech pipeline introduces distinctive frictions: au-
tomatic speech recognition (ASR) struggles disproportionately with
children’s voices, non-native accents, and code-switched tokens;
text-to-speech (TTS) choices around speech rate and accent shape
learners’ comprehension and comfort [11, 28, 51, 66]. These con-
straints are precisely those encountered in Indian English medium
classrooms where Hinglish and local accent varieties are common.

Notably, one recent randomized evaluation inNigeria found LLM-
based tutoring improved English outcomes for secondary students
[65], while a focused review on speaking practice reports positive ef-
fects on interaction, motivation, and oral skills [15]. In India, scaling
efforts such as ConveGenius SwiftChat—reportedly reaching tens
of millions of learners and multiple languages—illustrate demand
and feasibility for chat-based learning at a population scale, even as
peer-reviewed evaluations of school-based, voice use remain lim-
ited [6]. The empirical base remains skewed toward high-resource
settings, with few studies attending to bandwidth variability, ac-
cent/intelligibility, or multilingual code-switching typical of Indian
classrooms [25, 28, 61].
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2.3 English as a Second Language
A language-learning perspective clarifieswhen andwhy voice-based
systems are likely to help. Interaction-rich tasks create opportu-
nities for negotiation of meaning—learners can request clarifica-
tion, hear reformulations, and adjust their utterances in response
to contingent feedback [40]—while opportunities for pushed out-
put prompt learners to notice gaps and restructure interlanguage
[41]. Participation depends not only on competence but also on
willingness to communicate (WTC); designs that minimize social
risk and provide immediate uptake cues can raise situational WTC
and make learners more likely to attempt to speak [44]. At the
same time, systems should respect cognitive load limits by keep-
ing lexical/syntactic demands within level-appropriate bands and
by offering brief, toggleable L1 (first-language) scaffolds exactly
at points of breakdown, so comprehension is supported without
displacing L2 interaction [21, 24, 42, 43, 58, 67, 70].

In English-medium classrooms, teachers’ variable spoken profi-
ciency and large classes narrow chances for extended learner turns
and spontaneous negotiation of meaning, often prompting reliance
on text-first routines [25, 68, 78]. Learners and teachers routinely
deploy code-switching/translanguaging to maintain joint atten-
tion and ensure task comprehension [21, 24, 42]. Empirical synthe-
ses suggest benefits when L1 use is selective and purpose-bound—
for task set-up or clarification—without displacing L2 interaction
[43, 50, 58, 70]. These patterns imply concrete design choices for
voice agents: toggleable L1 supports that appear and recede, and
branching prompts that can clarify, recast, or repeat without teacher
mediation.

The practical target in classrooms is comprehensibility rather
than a native-like accent; settings that favor moderate speech rate,
stable prosody, and locally familiar varieties reduce processing bur-
den and improve listener understanding [14, 46, 64]. Together, these
principles specify a voice design that is contingent, low-risk, cog-
nitively manageable, and tuned to the speech features that matter
most for successful classroom communication.

Critically, speech technology choices shape whether these peda-
gogical affordances are realized. Learners attend more to compre-
hensibility than nativeness; slower speech and locally familiar ac-
cents improve intelligibility and reduce processing load [14, 46, 64].
Automatic speech recognition (ASR) can enable feedback on pro-
nunciation and fluency, but performance degrades for child voices,
non-native accents, and code-switched tokens common in Hinglish,
introducing turn-taking friction [11, 28, 51, 66]. For schools with in-
termittent connectivity and shared devices, single-tap microphone
interaction, accent-matched text-to-speech (TTS), and robust ASR
for proper nouns and loanwords are not cosmetic choices—they are
prerequisites for equitable access to voice practice.

2.4 EdTech in Low-Resource Educational
Contexts

Work on educational technology in low-resource contexts reflects
longstanding HCI4D (Human–Computer Interaction for Devel-
opment) concerns around infrastructure, access, and the socio-
technical conditions that shape technology use. In rural India,
Akkara et al. [4] describe amobile-assisted language learning (MALL)
intervention with first-generation English learners in government

schools. Even brief, structured phone-based activities increased
learners’ exposure to English, yet remained tightly constrained by
connectivity and device access. Raj and Tomy’s study with 149 rural
Tamil Nadu college students[60] similarly shows that mobile apps
can support listening comprehension gains, but only when learners
have reliable device access and content designed for low-resource
settings.

Recent work explores how AI-based tools interact with the re-
alities of Global South classrooms. Chatbot-assisted interventions
in Saudi secondary schools have shown that AI-driven conver-
sational systems can enhance spoken English and student confi-
dence in what the authors characterize as low-resource EFL envi-
ronments [5]. Extending this perspective, Verma et al. argue that
Child–Computer Interaction with AI systems in the Global South
must explicitly account for infrastructural fragility, sociocultural
expectations, and inequities in access [74]. These studies under-
score the need to design for both pedagogical value and the material
conditions under which learners and teachers operate.

At the system level, large-scale EdTech deployments in low-
and middle-income countries reveal persistent cost and sustain-
ability constraints in public school systems. In Honduras, Bando
et al. [7] showed that replacing printed textbooks with laptops in
high-poverty elementary schools produced no significant differ-
ence in learning outcomes, although laptops could become cost-
effective if they substituted enough textbooks, underscoring that
hardware alone is not a pedagogical silver bullet. Paterson [57]
similarly documents that the total cost of ownership for school ICT
in Botswana, Namibia, and Seychelles remains high, with recur-
rent costs and maintenance often underestimated by policymakers,
echoing HCI4D critiques of techno-solutionism and hidden support
burdens.

Teacher-facing interventions in low-income Indian schools fur-
ther highlight these tensions. Smartphone-based programs can
extend instructional resources and peer support but also introduce
new burdens and techno-stress for teachers with limited time and
technical capacity [72, 73]. In contrast, Naik et al. [49] report pos-
itive learning gains from a technology-aided teaching program
across 1,823 rural government schools in India, where a low-cost
digital intervention replaced one-third of regular classroom instruc-
tion without intensive teacher retraining. Together, these findings
illustrate a consistent HCI4D principle: technology can support
learning in resource-constrained systems only when aligned with
existing practices and designed with attention to cost, infrastruc-
ture, and teacher capacity. These same considerations shape the
feasible adoption of a voice-based chatbot in our partner schools.

3 Method
3.1 About the Chatbot
Wedeveloped ChatFriend, a voice-based chatbot prototype designed
to help students practice conversational English. The web-based
application (Figure 1), built with React, is hosted as a static site on
AWS S3 and delivered globally via CloudFront for fast performance.
Students can engage in spoken dialogues on topics drawn from
their daily lives and school materials (e.g., discussing a best friend
or a favorite sport). Interaction is voice-first: users press a “hold-
to-talk” button to speak. Their audio is transcribed in real-time
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Figure 1: ChatFriend Interface— Student participants interacted with the ChatFriend web application on research team-provided
Android tablets. The left panel displays available conversation topics (e.g., “Best Friend”, “Favorite Sports”), and students
select one to begin a session. ChatFriend initiated the conversation, and students responded by tapping/pressing the on-screen
microphone button to record audio. The system replied with synthesized speech, while text transcripts of both student and
system turns appeared in the scrolling chat history on screen.

using Whisper-1 [59], and the text is processed by a GPT-4o-mini
model [55]. Full-duplex voice-based interaction was not publicly
available at the time of this study. A custom prompt, informed by
the conversation topic and student profile, generates a streaming
response (see Appendix E). This reply is first vetted by OpenAI’s
Moderation API [56] to filter unsafe content before being converted
into speech via Google Text-to-Speech and streamed back to the
user. To support comprehension, the interface displays a real-time
transcript of the entire conversation. Furthermore, to enhance ac-
cessibility in multilingual contexts, the system includes a bilingual
support feature. Students may ask clarifying questions in their na-
tive language (e.g., Hindi), to which the bot responds by providing
English translations or explanations.

3.1.1 User Journey Walkthrough. Before each session, teachers
completed a brief sign-up step on behalf of students, entering the
student’s name and grade level. When students received the tablet,
they were taken directly to the main interface (Figure 1), where the
default conversation topic (“Best Friend”) was preselected. Chat-
Friend initiated the dialogue with a spoken prompt accompanied by
an on-screen text bubble. To respond, students pressed and held the

microphone button while speaking and released it when finished.
If a student replied in English, the real-time transcription appeared
on the right side of the chat history; if they instead spoke in Hindi,
the system displayed an English translation in the same location.
The chatbot’s reply was always delivered in English through syn-
thesized speech and text, ensuring consistent exposure to the target
language while still supporting clarification in the student’s native
language. Students could switch to a new conversation topic at any
time, which would end the current exchange and launch a fresh
dialogue sequence.

3.2 Study Setting
We conducted the field study in four affordable private schools
located in the Badarpur and Shakti Vihar neighborhoods of Delhi,
India. Contrary to the “elite” stereotype, the private schools in
our study are low-fee, neighborhood, often English-medium in-
stitutions serving low- to middle-income families [34]. In Andhra
Pradesh, a two-stage randomized controlled trial (RCT) showed
these schools paid teachers under one-sixth of public salaries and
spent less than one-third per pupil while producing comparable
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Telugu/math outcomes [48]. This setting is analytically attractive
because baseline English proficiency is low (e.g., ASER 2022 re-
ports 25% of Grade 5 students can read a simple English sentence
[9]), and parents strongly demand English-medium provision in
affordable private schools. We also included a fifth school for added
perspective (only the principal of that school was interviewed to
broaden the administrative insights). We used purposive maximum-
variation sampling to select schools that differed in management
type and digital infrastructure to ensure diverse contexts.

The primary language of most students and teachers was Hindi.
Although English was designated as the official medium of instruc-
tion, in practice this largely translated into the use of English-
language textbooks, while classroom teaching was conducted pre-
dominantly in Hindi. As a result, students had limited opportunities
to engage in English conversation within the school environment,
and the English language proficiency of the student body was fairly
low.

3.3 Participant Recruitment
Wefirst secured institutional buy-in for the field study by presenting
ChatFriend to school administrators as a pedagogical tool specifi-
cally designed to develop conversational English skills. We framed
it as a complement to existing curricula, which often place consid-
erable emphasis on grammar, reading comprehension, and written
expression but offer few opportunities for authentic speaking prac-
tice. School principals were briefed in person and via follow-up
communication, and each formally agreed to participate.

English teachers then distributed opt-in consent forms to all
Grade 7 and 8 students. Across the four participating schools, each
of which had multiple Grade 7 and 8 classrooms (approximately
20–45 students per class), we first randomly selected two class-
rooms per school from all eligible Grade 7 and 8 classrooms. From
the rosters of these selected classrooms, all students who returned
signed parental consent were entered into a simple random sam-
pling procedure using a computer-generated random number list.
Our goal was to recruit approximately 20 students in total, with the
target roughly distributed across the two grades; because Grade 8
students demonstrated stronger ability to communicate with the
bot during the pilot, we slightly oversampled Grade 8 students when
feasible. No students were excluded on the basis of English profi-
ciency or academic performance, and teachers did not nominate or
screen students beyond distributing and collecting consent forms.
This process yielded 23 randomly selected students. Participating
teachers and principals were recruited once their schools joined.
No consenting participants dropped out.

To strengthen the credibility of our findings, we engaged all
three stakeholder groups for data triangulation. Their composition
and roles are detailed in Table 1. The study was was approved by
the Institutional Ethics Committee of Ashoka University (Approval
No. 24-F-10019-Sharma). Consent was obtained at multiple levels:
institutional consent from schools, written consent from teachers
and principals, and written assent from students, alongside parental
consent facilitated by the schools. Schools were provided with writ-
ten information about the study to share with parents. Participation
was voluntary, with students free to skip questions or withdraw
at any time; chatbot use and feedback had no impact on grades.

No individual compensation was provided, though each school re-
ceived books for its library. All data were anonymized, encrypted,
and accessible only to the core team. Participants (and parents of
minors) could decline audio recording, though all agreed.

3.4 Data Collection
3.4.1 Procedures. Before data collection, all field facilitators re-
ceived comprehensive training in two areas: (1) systematically ob-
serving and recording student-chatbot interactions using a provided
checklist, and (2) conducting productive interviews and probing
for feedback with students, teachers, and principals. (See the check-
list and discussion guides in Appendices A–D). Throughout the
deployment, the research team held regular debriefing sessions to
cross-check interpretations and emerging findings.

Data Collection Phase 1 (Day 1)—Initial Student-Bot Interac-
tions with Immediate Feedback: On the first day at each school, we
conducted two back-to-back sessions with the students:
• Initial chatbot session (15–20 minutes, supervised): Facili-
tators began by briefly demonstrating the chatbot’s features. To
start a session, a facilitator would log into a student’s account,
select the first task, and then hand the tablet to the student. After
the student completed the conversation, the facilitator would
select the next task and return the tablet. Each student interacted
with the chatbot for 15–20 minutes under close observation. Facil-
itator’s observations focused on three areas: interface navigation,
engagement levels, and any difficulties encountered. Facilitators
documented their observations in real-time using handwritten
or checklist-based notes.

• Immediate feedback discussion (5–10 minutes): Following
the students’ initial interaction with the chatbot, we facilitated
a short debrief. Using open-ended questions, we gathered their
first impressions, including what they liked, disliked, and any
problems they encountered. This guided discussion allowed stu-
dents to reflect on the experience while it was fresh, and for us
to capture their initial reactions in their own words.
Interviews with School Principal and Teachers: On Day 1,

we interviewed the school principal for 35–45 minutes. This discus-
sion covered higher-level issues, including the chatbot’s alignment
with school priorities, infrastructure requirements, and its perceived
value for student learning.

We then interviewed the English teachers after they observed
the first student-bot interaction session. These one-on-one semi-
structured interviews, which lasted 30–40 minutes, focused on
the teacher’s perspective regarding classroom integration, student
engagement, and any necessary support or training.

Data Collection Phase 2 (Days 2–6)—Extended Use with De-
layed Feedback: Over the next five days, students used the chatbot
in brief daily sessions at school. A facilitator was present each day
to ensure the sessions ran smoothly, encourage participation, and
quietly observe interactions. Each student typically spent 10–15
minutes daily with the chatbot.

The facilitator noted any emerging patterns, such as increasing
student confidence or conversation length, and tracked technical
issues. Students were encouraged to report problems after each ses-
sion, all of which were documented. This extended period allowed
students to becomemore familiar with the system and provide more
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Stakeholder Sample size Inclusion criteria Role in study

Students 23 (13 female, 10
male)

17 were in Grade 8, and 6 were in Grade 7; Regu-
larly enrolled, parental consent, no prior chatbot
exposure

Primary users of the bot

English teachers 6 (5 female, 1 male) Taught Grades 6-8 in participating schools Interviewees, observers of
student-bot interactions

Principals 5 (3 female, 2 male) Head of participating schools Key informants on feasibil-
ity and policy fit

Table 1: Description of the stakeholder groups engaged in the field study

considered feedback beyond the novelty of the first interaction. At
the end of each daily session, students were asked an open-ended,
unprompted question for feedback, which was used for qualitative
analysis.

3.4.2 Instruments. Data collectionwas conducted using researcher-
provided Android tablets for student-chatbot interactions. All stu-
dent discussions and teacher/principal interviewswere audio-recorded
with consent. These recordings were later transcribed verbatim,
with any Hindi or code-switched speech translated into English
for analysis. They were analyzed in conjunction with facilitator
observation notes to ensure the accurate capture of details and
quotes. Personal identifiers were removed from transcripts and
observation notes, and participants were assigned pseudonymous
IDs (e.g., “4-4-1S-4”) to track inputs across days and data sources
without revealing identities.

3.4.3 Teacher & Principal Roles. During the deployment, teach-
ers and principals played clearly delimited roles. Principals func-
tioned as institutional gatekeepers, approving participation, helping
to schedule sessions, and providing school-level context in inter-
views; however, they did not observe or intervene in individual stu-
dent–bot conversations. English teachers coordinated logistics (e.g.,
escorting students to the study area) and, when present during ses-
sions, acted as non-intervening observers rather than co-teachers.
They refrained from correcting students’ language or coaching re-
sponses so that all utterances during the chatbot sessions would
reflect students’ spontaneous use of English. Their primary research
role was as interview participants and as interpretive informants
on how the chatbot might fit into their existing pedagogy.

3.4.4 Facilitator Roles. Facilitators were members of the research
team rather than school staff. During student–chatbot sessions,
their role was deliberately constrained: they were instructed not
to correct students’ English, suggest answers, or otherwise coach
content. Instead, they focused on setting up devices and accounts,
quietly monitoring interactions, and intervening only to resolve
technical issues (e.g., microphone problems, log-in difficulties) or
to offer brief, non-instructional encouragement (such as remind-
ing a student that they could try again if the bot misheard them).
During these sessions, facilitators stayed in the room but refrained
from providing linguistic help or evaluating performance; their
support was limited to troubleshooting the interface and offer-
ing neutral prompts to continue (e.g., “You can speak again” if a
student fell silent). Facilitators’ observations focused on three ar-
eas—interface navigation, engagement levels, and any difficulties

encountered—which they documented in real time using handwrit-
ten checklist-based notes.

3.5 Analytic Approach
We followed a multi-step qualitative analysis process involving
three members of the research team. Our analytic orientation was
primarily interpretivist and inductive: rather than applying pre-
defined categories, we allowed codes and themes to emerge from
the data. Because the work involved multiple analysts, we used
intercoder agreement as a pragmatic check on the clarity and con-
sistency of our collaboratively constructed codebook, not as a claim
that a single “correct” interpretation exists.

(1) Familiarization – The research team read all transcripts and
field notes twice and wrote margin memos.

(2) Open coding – Two analysts independently conducted induc-
tive, line-by-line coding on an initial subset of approximately
half of the data, generating provisional codes capturing recur-
rent ideas, emotions, and interactional patterns (e.g., ASR mis-
hearing, difficulty navigating the interface, confidence surge,
assessment appetite). The analysts then compared and merged
code lists, drafted explicit inclusion–exclusion criteria, and
added example excerpts for each code. Using this shared code-
book, they independently recoded the same subset and calcu-
lated raw percentage agreement on the presence of each code
within segments; agreement exceeded 90% after reconciliation.
Remaining discrepancies were discussed to clarify boundaries
between adjacent codes and to determine whether new codes
were warranted. The finalized codebook was then applied to
the full dataset, with a third researcher available to adjudicate
any remaining ambiguous cases.

(3) Axial & temporal coding – Codes were clustered into categories
(e.g., microphone interaction user experience, ASR mishearing,
confidence shift). For students with≥3 sessions, matrices plotted
codes against session numbers to visualize the trajectory.

(4) Theme construction & triangulation – Themes were refined
through constant comparison across data sources and stake-
holder groups.We explicitly searched for negative cases—segments
or participants that contradicted or complicated emerging pat-
terns (e.g., students whose confidence decreased over time).
Rather than excluding such cases, we used them to refine theme
boundaries (e.g., distinguishing fragile confidence trajectories
from uniformly positive ones) and to nuance interpretations in
the Results and Discussion.
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4 Results
4.1 Pre-engagement Reception of ChatFriend
When introduced to ChatFriend, a number of schools expressed en-
thusiasm, noting that conversational fluency is a critical dimension
of language proficiency that is often underdeveloped in classroom
settings. In these cases, ChatFriend was welcomed as an innovative
supplement to formal instruction that could increase students’ con-
fidence and ease in spoken English. School administrators further
appreciated the chatbot’s potential as a pedagogical aid and men-
tioned interest in the bot discussing science and other lessons with
students. However, other schools were more cautious or resistant.
Several cited structural barriers, such as insufficient internet infras-
tructure, limited classroom time within an already overextended
curriculum, and the additional demands placed on teachers.

Teachers also raised concerns about attention and appropriate
phone use, particularly when considering where the chatbot should
fit into students’ daily routines. For instance, while one teacher
felt that home use might be more feasible because “using the bot
in the classroom wouldn’t be possible due to the packed syllabus
and issues like absenteeism” (Teacher T1), others worried that as-
signing the chatbot as homework could inadvertently encourage
over-reliance on phones: “Students might become too dependent
on phones. I’d prefer they use it in the classroom” (Teacher T5).

School leaders similarly mentioned concerns over students’ en-
gagement with online technologies. In particular, the prospect of
learners interacting with the internet without adequate supervision
was perceived as problematic, with stakeholders expressing appre-
hension about issues of safety, distraction, and appropriate use.
These concerns extended to both technical and social conditions
for safe engagement. One teacher highlighted that students “need
personal and private space for using it without hesitation” (Teacher
T4), underscoring that privacy and technical support shape whether
students can participate comfortably. Others anticipated that par-
ents might support home use but would not always be positioned
to provide effective oversight: “Parents wouldn’t have any issue . . .
but guidance from parents might be a challenge” (Teacher T3).

At the same time, teachers recognized that ChatFriend could offer
certain forms of social safety that classroom interactions do not. As
one teacher observed, “The bot offers a safe and non-judgmental
environment for students who may hesitate or lack the confidence
to practice their conversational skills” (Teacher T2). Another noted
that this sense of safety might even enable students to raise topics
“we might hesitate to talk about with others” (Teacher T1). Together,
these perspectives show that teachers and principals saw both
risks in unsupervised technology use and opportunities to create a
psychologically safe space for language practice.

Together, these perspectives address RQ1 by showing that early
experiences of ChatFriend were shaped not only by its perceived
pedagogical value, but also by practical concerns around supervi-
sion, safety, and appropriate technology use, which in turn influence
whether and how engagement is viewed as feasible (RQ2).

4.2 Student Background and Motivations
The student sample comprised 23 students across four schools in
Grades 7 and 8, whose primary language is Hindi. Opportunities
for spoken English were confined mainly to school settings at best,

while provision varies across schools—at least one student reported
not having English classes, which helps explain why learners seek
extra practice opportunities. Outside of school, English exposure
or practice is extremely limited for these students. Students over-
whelmingly perceive English as an important skill set and have
strong instrumental motivation to learn. In Day 1 interviews, vir-
tually all respondents (≈95%) framed English as essential for com-
munication, job interviews, or future mobility, with about 60% also
citing international travel. Students who aspired to medical (35%)
and teaching (15%), or careers stressed English as a prerequisite
for success. Students mentioned opportunity for English speaking
practice at school is limited, and engagement hinges on the teaching
style and interruptions like exams/parent-teacher meetings. Only a
minority of the group (22%) described themselves as feeling com-
fortable with or enjoying speaking in English, while most students
in the group (78%) conveyed anxiety and nervousness with spoken
English, citing fear of mistakes and limited vocabulary.

“I hesitate when speaking English because I fear get-
ting it wrong.” —Grade-7 student (ID S-7-12)

Students’ linguistic backgrounds, motivations, and speaking anx-
ieties provide important context for understanding their experi-
ences with ChatFriend (RQ1) and help explain factors that shape
initial and sustained engagement with a voice-based chatbot (RQ2).

4.3 First-encounter Experience
Students’ first encounters with ChatFriend were marked by initial
hesitation that, for many, shifted toward greater comfort over time,
offering insight into how early experiences with conversational
agents evolve in low-resource learning contexts (RQ1).

On Day 1 of the study, facilitators noted cautious first use as
students had their first interaction session with the chatbot. Stu-
dents often produce short, hesitant replies to chatbot messages. On
Day 1, 36% of the student utterances consisted of no more than 3
tokens (these are often direct responses, such as “Yes”, “<friend’s
name>”, “Cricket”, to the bot’s questions without further elabora-
tion or engagement). The facilitators also made note of the chatbot’s
speech misrecognition issues (especially with proper nouns such
as friends’ names, games, sports figures) appearing in many of the
student-bot conversations and creating. After completing their first
interactions with ChatFriend on Day 1, students reflected on their
first-encounter experience with the chatbot, which revealed a more
nuanced emotional landscape. Several students described initial
discomfort or feeling “weird” talking to a non-human interlocutor,
especially during early sessions:

“At first, it felt strange talking to a robot instead of a
person.” —Grade 8 student (ID S-8-06)

Others reported increased comfort over time, appreciating the bot’s
patience and non-judgmental nature, which helped reduce speaking
anxiety:

“I was nervous, but the bot did not make me feel bad
for mistakes.” —Grade 7 student (ID S-7-14)

During the day 1 feedback session, students were also asked
to rate the task, conversation flow, and interface on a scale of 1
to 5 stars (1 being the least and 5 being the maximum). Despite
the initial hesitation of interaction and speech recognition hiccups,
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students reported predominantly positive responses (task: 43% 5
stars, 39% 4 stars, 17% 3 stars; conversation flow: 48% 5 stars, 30% 4
stars, 22% 3 stars; interface: 43% 5 stars, 39% 4 stars, 17% 3 stars)

English teachers were interviewed, interacted with the bot, and
observed student-bot interactions. All six teachers endorsed the
bot’s capacity to provide “non-judgmental” practice space for shy
students. The teachers gave an average rating of 4 for the chatbot
tasks. 4.3 for the conversational flow and 4.4 for the format. One
teacher specifically remarked that the bot’s ability to register Hindi
as English text was a helpful feature for learning correct English
expressions.

These patterns highlight how both technical factors (e.g., speech
recognition accuracy) and pedagogical qualities (e.g., non-judgmental
responses) shape student engagement (RQ2) and point toward de-
sign considerations discussed in relation to RQ3.

4.4 Extended Use Experience
Observations of students’ extended interaction with the chatbot
over the next five days revealed a clear pattern of growing confi-
dence. For the 17 students who participated at least five days of
the study, the proportion of conversations involving at least one
student-initiated question increased from about 36% on Day 1 to ap-
proximately 48% by Day 4, and 65% by Day 5. By Day 5, facilitators’
notes indicated that 76.5% of learners predominantly spoke English,
11.8% primarily used Hindi, and 11.8% code-switched fluidly. On
Day 1 for this same group, the distributionwas 29.4% predominantly
English, 64.7% primarily Hindi, and 5.9% code-switching. These pat-
terns suggest an evolving linguistic negotiation as learners gain
comfort.

Students’ self-reports complement observation notes that doc-
ument longer, more fluent utterances over repeated sessions. Sev-
eral learners noted improvements in their English vocabulary and
speaking confidence attributed to the repeated chatbot interaction.
Examples include remembering new words or phrases encountered
during dialogue and increased ease in forming sentences:

“I learned new words like ‘interesting’ and ‘favorite’
by using the bot.” —Grade 8 student (ID S-8-02)
“Talking with the bot made me more confident to
speak in class.” —Grade 7 student (ID S-7-10)

4.4.1 Student Affective Trajectory. To summarize how students’ af-
fect evolved across sessions, we first generated a session-level affect
rating for each student. For each student–session, one researcher
read all available narrative fields in the observation checklist, includ-
ing the Sentiment note, the enjoyment description (“Is the student
enjoying the conversation?”), the three items assessing the conver-
sation (brief vs. descriptive responses vs. asking questions), and
any optional Feedback, Other, or technical-issue comments. Based
on this combined description, they assigned an overall affect rating
on a 5-point scale, where 1 indicated highly negative or anxious
affect (e.g., fear, frustration, wanting to stop), 2 indicated somewhat
negative affect (e.g., boredom, hesitancy, visible nervousness), 3
indicated mixed or neutral affect, 4 indicated somewhat positive
affect (e.g., interest, enjoyment, reasonable confidence), and 5 in-
dicated very positive and confident affect (e.g., strong enthusiasm,
high confidence, eagerness to continue). These session-level ratings
produced an affective trajectory for each student across up to six

sessions, which can be visualized as a student-by-day heatmap (see
Appendix F) and used to characterize typical “Affect Arc” patterns.

Using these trajectories, we classified each student into one
of four “Affect Arc” types. Three students showed a Confidence
surge, moving from low or mixed affect in the first session to
strongly positive, confident engagement that was largely sustained.
Four students exhibited a Steady gain, with affect gradually ris-
ing from moderate to consistently high by the final observed ses-
sion. Three others held a steady pattern without a gain. Four stu-
dents followed an Upward then frustration arc, starting in the
neutral-to-positive range, improving mid-week, and then ending
with low scores as frustration or fatigue set in. Six students showed
an Excited rise then disrupted arc, where an initial increase into
positive affect was later weakened by dips or volatility without
necessarily ending at the very bottom of the scale. Two students
remained unclassified due to limited participating sessions. While
these arcs capture recurrent patterns, they also revealed consider-
able individual variability.

Although many learners demonstrated increased confidence and
proactive engagement over repeated chatbot interactions, this pro-
gression was not uniform. As reflected in the diverse Affect Arcs in
Table 2, several students experienced setbacks characterized by ner-
vousness, disengagement, or reliance on facilitator assistance. Such
fluctuations are often correlated with technical frictions—namely,
speech recognition errors, delays in response, and usability chal-
lenges with the microphone interface. These findings underscore
the fragile nature of ESL students’ confidence development and
highlight the need for consistently low-friction, supportive user
experiences to sustain learner motivation over time.

4.4.2 Demographics-based Comparative Analysis. We examined
affective trajectories by gender, but did not find clear systematic
differences. Both girls and boys appeared across all four Affect Arc
types. Among girls, volatile arcs (“Excited rise then disrupted” or
“Upward then frustration”) were slightly more common (7 of 13)
than relatively stable or improving arcs (“Steady”, “Steady gain”, or
“Confidence surge”; 6 of 13). Boys showed a more even distribution,
with 4 of 10 in volatile arcs, 4 of 10 in stable or improving arcs, and
2 unclassified due to missing session data. Given the small numbers
in each group and the interpretive nature of the arc categories,
we treat these as descriptive tendencies rather than robust gender
effects.

We also explored whether affective trajectories differed by grade
(7 vs. 8), but patterns were not strong enough to support firm conclu-
sions. Almost all Grade 7 students (5 of 6) fell into the more volatile
“Excited rise then disrupted” or “Upward then frustration” cate-
gories, whereas Grade 8 students were more evenly distributed
across volatile and relatively stable/improving arcs (9 of 17 in
“Steady”, “Steady gain”, or “Confidence surge”). Given the small
numbers in each group and the interpretive nature of our arc cate-
gories, we treat these as descriptive tendencies rather than robust
grade effects.

4.5 Lessons on Design Considerations and
Challenges

4.5.1 Scaffolding in ESL learning. At the beginning of the field
study engagement, both the school principals and English teachers
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Affect Arc Day 1 Day 3 Day 5 Learner ID

Confidence Surge Bored Enjoys Hindi-to-English transla-
tion

"Spoke freely" 1_4_1S_3, 3_2_1S_1,4_3_1S_4

Steady gain Nervous, very brief an-
swers

"More comfortable" "Felt confident today" 3_3_1S_1, 3_4_1S_1, 3_2_1S_2,
4_2_1S_4

Upward trend then
frustration

Reads transcript, pace
fast

"Replying confidently" Asks meta-questions but is irritated by
lag

1_3_1S_3,2_1_1S_2,4_1_1S_4,
4_4_2S_4

Excited rise then dis-
rupted

Nervous, did not ask any
questions

"Responding with excitement" "I wanted to end the conversation
quickly because of misinterpretations"

1_1_1S_3,1_3_2S_3,3_1_1S_1,
3_3_2S_1,3_4_2S_1,4_3_2S_4

Table 2: Progression of the Four Types of Student Affective Trajectories towards the Chatbot

pointed out that students prefer speaking in Hindi even within
school and often require the use of Hindi from teachers to support
learning, further weakening the already limited English-speaking
environment. Teachers echoed this concern, noting that bilingual
strategies were often necessary for comprehension but came at
the cost of fluency. Although the school principals were positive
that “with proper teaching, around 50% (of the student body) could
become proficient”, a majority of them estimated only 30–50% of
students can speak in English, and that most students “lack confi-
dence and hesitate while speaking (English)”.

For this reason, the principals predicted that students would
struggle unless the bot spoke more slowly and with an Indian
accent. Principals linked chatbot audio intelligibility directly to
inclusive learning opportunities, noting that some students may
“switch off the moment they cannot parse the audio.”

Indeed, during the chatbot interactions, students experienced
challenges in comprehending the bot messages. Even though Chat-
Friend was prompted (see Appendix E) to speak at middle school
or elementary levels, post-hoc text analysis on the chatbot’s and
students’ utterances shows that, on average chatbot produced Eng-
lish at Flesch-Kincaid [33] 12th grade level. By contrast, students’
English utterances are on average at Flesch-Kincaid 2nd grade level,
and consist predominantly of vocabulary (85%) at the CEFR A1 level
(Common European Framework of Reference for Languages), which
indicates the most beginner level of English. This gap in English
level likely posed barriers to students’ comprehension of chatbot
messages and resulted in students’ relatively low engagement in
conversations. Compared to an average of 29 tokens produced by
the ChatFriend per turn, students, on average, only produced 5
tokens per turn.

When prompted to reflect on their experience after extended
use of the chatbot, students expressed interest in features such as
adjustable audio speed control and choice of bot voice (preferring
one with a Hindi accent). Additionally, students wanted an optional
Hindi translation toggle to manage “Hinglish” episodes, similar to
the bilingual support they are used to in their current classroom
environment.

Teachers’ perspective converged with student experience, as
teachers also reported their observations that the long or multi-
clause bot messages could overwhelm learners and suggested that
“shorter sentences would help hesitant users.” Moreover, teachers
pointed out that the bot’s speech delivery was “too fast, with an
unfamiliar accent.”

4.5.2 Technical frictions and coping strategies. Our field deploy-
ment revealed several technical friction points experienced by stu-
dents. These observations yield critical design considerations for
voice-based educational tools in similar contexts.

First, observations corroborated by both teachers and facilitators
indicate that nearly all students experienced Automatic Speech
Recognition (ASR) error issues during chatbot interactions. These
errors occurred most frequently with proper nouns and Hindi loan-
words. The ASR system also struggled with non-standard accents
or imperfect pronunciation of English words. For instance, Hindi-
accented pronunciations may render school as something like ‘es-
chool’ or separate the initial consonant cluster, producing an extra
vowel sound (e.g., /@sku:l/), which often leads to misrecognitions by
ASR systems not trained for such phonotactic patterns [8]. Further-
more, students often code-switched into Hindi when encountering
unfamiliar English vocabulary, intending to leverage the chatbot’s
bilingual support. However, the system’s processing of Hindi and
Hinglish inputs was inconsistent; we documented several instances
where it eithermisinterpreted or blocked these phrases. These recur-
rent ASR failures disrupted conversational flow and contributed to
learner frustration, illustrating the unique challenges of deploying
such technology in multilingual educational contexts.

Second, facilitators observed that approximately 35% of learners
required explicit guidance to operate the hold-to-talk microphone
button correctly. Teachers confirmed this challenge, as one noted
that students “struggled with the mic button” (Teacher T4). Many
students demonstrated low digital literacy: their daily routines in-
volved limited interaction with digital devices, and only 60% had
prior experience logging into apps such as Instagram or ChatGPT.
Notably, 20% had never logged into any online service and antici-
pated difficulty navigating a web application. In response, students
suggested a simplified one-tap microphone activation and a larger,
more prominent icon to replace the hold-to-talk mechanic. This
finding highlights the importance of UI design tailored for learners
with limited prior exposure to technology.

Finally, facilitators reported network latency or system errors
in nearly half of the student-bot sessions, occasionally leading to
premature termination. This reveals a critical design challenge for
scaling the application beyond its prototype stage: ensuring robust
performance under high, concurrent user load.

4.5.3 Sustaining student engagement. Despite overall positive trends,
facilitators noted a notable subset of students who exhibited per-
sistent hesitation, nervousness, or disengagement during repeated
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interactions with the chatbot on Days 2-6. Observation notes cap-
tured signs of low enthusiasm, including short replies, avoidance
of speaking, and requests for facilitators’ assistance. These affec-
tive challenges often correlated with technical frictions discussed
above, suggesting that while many students grewmore comfortable,
their experiences were uneven; therefore, tailored support may be
warranted for long-term implementation in schools.

During the Day 1 interview, teachers also anticipated dwindling
student engagement with extended use. To counteract students’
decreasing attention spans and boredom, teachers suggested in-
corporating videos, visuals, cartoons, games, jokes, and interac-
tive scoring systems to help maintain their interest. When asked
what additional features and improvements they would like to see
in future iterations of the chatbot, students’ wish-list aligns with
teachers’ suggestions but adds a richer engagement layer. Specifi-
cally, students requested coverage of a wider range of topics (food,
gaming, careers, science, mathematics) and richer visual effects
(emojis or avatars).

4.5.4 Appetite for formative assessment. Through our field engage-
ment, we identified teachers and school administrators—alongside
students—as key stakeholders in student–chatbot interactions. All
principals (5/5) emphasized the value of transcripts or dashboards
that could make individual learner progress visible to both teachers
and parents. Currently, teachers rely on informal methods to assess
spoken English, such as classroom conversations, presentations,
and reading activities. However, they noted that students’ fear of
making mistakes often discourages participation. Consequently,
every teacher (6/6) anticipated instructional benefits from access to
chatbot transcripts and learner-level analytics via a concise dash-
board. They stressed that such data must be filterable to highlight
growth or recurring errors, so as not to add to already heavy prepa-
ration demands. While half of the teachers (3/6) expressed openness
to using the chatbot as an assessment tool, concerns remained re-
garding curricular alignment and limited digital infrastructure.

4.6 Deployment Preferences and Feasibility
4.6.1 Student Preferences. Students expressed a strong preference
for home use (65%), citing the benefits of privacy and reduced
peer scrutiny. A smaller fraction preferred in-class use (25%), while
10% expressed flexibility. This preference is contextualized by their
primary access to technology: most rely on a parent-owned Android
phone at home, with few having consistent access to a personal
laptop or stable Wi-Fi. As one Grade-8 student (ID S-8-04) shared,
“I’d like to use it at home in my free time on my dad’s phone in the
evening.”

4.6.2 Principal Perspectives. Principals predominantly advocated
for classroom initiation to establish routines and provide supervi-
sion. Three schools (60%) wished to launch the chatbot inside the
classroom for orientation, then migrate use to homework once rou-
tines are solidified. The prospect of visible learning gains tempered
concerns about unsupervised phone use at home. Three principals
expected parents to appreciate the chatbot, while two anticipated
concerns around unsupervised internet access that may fade with
visible learning gains. For at-home practice, parental support was
generally seen as limited, with two principals reporting a lack of

digital familiarity or a lack of time as constraints to parental en-
gagement.

Infrastructure constraints strongly shaped feasibility. Students’
device and internet access is constrained and shared. Most students
only use the internet for homework occasionally; the majority do
this on a parent’s mobile phone, with only a few having access to a
laptop and stable Wi-Fi.

Across the five schools, only three (60%) possessed even a hand-
ful of functioning desktop or laptop computers, and just one school
permitted students to go online during class time. Principals con-
sequently framed mobile phone compatibility as the sole scalable
path for any technology intervention.

“Without phones, the plan dies—our lab has twowork-
ing PCs and forty students.” —Principal P2
“Connectivity drops at least twice a period; any tool
must survive offline for a bit.” —Principal P4

Principals also emphasized staff capacity: Four of five principals
(80%) reported that teachers could dedicate only “30 minutes, three
times a week” to new activities—any more would exceed staff capac-
ity without additional hires. As a result, principals recommended
that the chatbot be used in short, structured sessions rather than
as an open-ended daily tool. They argued that integrating brief,
scheduled exercises (e.g., during English periods) was more feasible
than expecting teachers to supervise longer or more frequent use.
Securing teacher buy-in therefore requires that the tool integrate
into the curriculum without increasing workload.

4.6.3 Teacher Perspectives. Interviews with teachers revealed three
distinct perspectives on chatbot deployment. Half advocated for
homework to facilitate extended practice, a third preferred dedi-
cated in-class periods to ensure instructional alignment, and the
remainder supported hybrid models. This division centered on a
key trade-off: concerns about in-class device availability and poten-
tial disruptions were weighed against fears of promoting excessive
phone use at home. As one teacher (T5) cautioned, “Not as home-
work; students might become too dependent on phones.”

Teachers also highlighted the need for curriculum alignment,
hands-on training, and feasible integration into existing 35–45
minute English periods. They stressed that any new technology
must replace rather than add to current activities. Although half of
the schools already run “smart-class” video sessions, none currently
use digital assessment tools, which the next iteration of the chatbot
is expected to introduce. With most (four of the six) teachers having
over six years of experience, sustained professional development
will be essential.

4.6.4 Summary. Taken together, student, teacher, and principal
perspectives underscore the need for flexible deployment strategies
that account for device access, connectivity constraints, and staff
workload. Successful long-term integration will depend on mobile-
first design, short structured activities aligned with the curriculum,
and adequate teacher support.
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5 Discussion
5.1 Design Tensions in Voice-Based Language

Learning Chatbots
By triangulating perspectives across students, teachers, and admin-
istrators, our study extends prior work that has largely centered
on single-stakeholder, high-resource contexts [22, 76, 83]. Our field
deployment shows that a voice-first chatbot can create a psycho-
logically safe, low-stakes space for spoken English practice, where
many students reported growing confidence. Yet these gains proved
fragile: the very qualities that made the chatbot valuable—its em-
pathetic responsiveness and openness—were undermined when
technical frictions interrupted the flow of interaction. The central
design question, then, is not whether voice-based chatbots can
support learning, but how they can sustain that support in en-
vironments where reliability cannot be assumed. To address this
question, we foreground three design tensions that emerged as
defining features of this space.

5.1.1 Empathetic Dialogue vs. Pedagogical Scaffolding . Students
consistently appreciated the chatbot’s patience and non-judgmental
stance, resonating with prior work showing that socially supportive
dialogue styles can reduce learners’ affective filters and create psy-
chologically safe, low-stakes spaces for practice [23, 26, 54, 62, 82].

They gravitated toward free-form conversation, appreciating
the chance to ask questions and experiment with language outside
rigid drills. In contrast, teachers and principals emphasized the need
for structured, curriculum-aligned scaffolding and mechanisms to
track measurable progress, reflecting sociocultural theories that
situate learning within guided practice [75] and broader tensions in
educational technology between learner autonomy and institutional
accountability [71].

Our field data illustrate the difficulty of meeting both needs si-
multaneously: the bot’s empathetic “friend-like” dialogue could
encourage speaking, but fine-grained control of its English out-
put was technically challenging, limiting the precision with which
practice could be scaffolded. As a result, early struggles occasion-
ally fostered reflection and growth, but more often turned into
frustration when unsupported, showing that “productive failure”
[31] requires pedagogical framing to avoid confidence erosion. In-
deed, for sustainable deployment in schools, formal assessments
remain necessary to substantiate both researcher-observed and
student self-reported learning outcomes. Without mechanisms for
reconciling these perspectives—e.g., providing both exploratory di-
alogue and actionable analytics—the long-term viability of chatbot
use in school contexts remains uncertain. This tension highlights
the central design challenge: sustaining the benefits of empathetic,
open-ended interaction while ensuring sufficient scaffolding, cur-
ricular alignment, assessment support, and technical reliability to
convert initial enthusiasm into sustained language practice [32].

5.1.2 Confidence Building vs. Fragility under Technical Friction.
Learners’ self-reports of increased confidence were corroborated
by longer utterances and more spontaneous questioning during
sessions, consistent with prior meta-analytic findings on the effi-
cacy of chatbot-assisted language learning [76, 83]. However, this
growth was easily undermined by technical failures. Where net-
work glitches or ASR issues persisted, confidence not only plateaued

but sometimes regressed, a phenomenon extending prior accounts
of “novelty-decay” [19, 26]. Prior work has identified ASR accuracy,
accent intelligibility, and bandwidth stability as central bottlenecks
for voice-based learning [16, 28, 69]; our findings extend this by
showing how, in multilingual and bandwidth-constrained school
contexts, even small usability failures can quickly unravel nascent
confidence. These dynamics suggest that confidence is less a linear
gain than a fragile trajectory—one that requires both empathetic
scaffolding and robust technical reliability to sustain.

5.2 A Checklist for Field Implementations of
Educational Chatbots in
Resource-Constrained Multilingual
Communities

Our findings highlight multiple design priorities for voice-based
educational chatbots in low-resource, multilingual contexts.

• Speech and recognition. Intelligible, accent-tuned text-to-speech
with adjustable speed, and ASR capable of handling regional
proper nouns and Hinglish code-switching, are foundational for
sustaining learner confidence. Even small gains here yield dis-
proportionate improvements in affect and engagement [16, 46].

• Scaffolding for ESL learners. Sustained engagement requires
scaffolding that distinguishes between content level and lan-
guage level. Topics should align with the interests of middle
school learners, while conversations should use simplified Eng-
lish consistent with grade 3–4 proficiency. This dual alignment
helps learners focus on meaning-making rather than decoding,
lowering frustration and maintaining motivation.

• Low-friction interaction. Interfaces should prioritize simple,
low-friction interactions that reduce the likelihood of user error,
particularly for younger or digitally novice learners. Complemen-
tary visual cues and lightweight UI scaffolds can further lower
cognitive load.

• Device and connectivity constraints. Systems must be explic-
itly designed for deployment on low-end Android devices and to
function under conditions of intermittent or unreliable connectiv-
ity. Such provisions align with prior evidence that observations
that mobile-assisted learning in developing regions only succeeds
when infrastructural and digital literacy challenges are directly
addressed [3, 39].

• Teacher-facing analytics. Dashboards should prioritize excep-
tions over transcripts, surfacing actionable patterns such as per-
sistent tense errors or recurrent silence. For instance, highlighting
persistent tense errors or recurring silence provides teachers with
actionable, low-burden insights. Given teachers’ limited time and
capacity, analytics must remain “minimal but meaningful” [71]
to balance institutional accountability with classroom realities.

• Equity and ethics. Finally, design must foreground equity by
ensuring accessibility on low-end devices and safeguarding pri-
vacy. Localized ASR benchmarks should be adopted to avoid
penalizing speakers of underrepresented dialects, and data prac-
tices should be made transparent to educators and parents alike.
Without such measures, deployments risk reinforcing rather than
reducing existing educational inequities [2, 63, 77].
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5.3 Integration into School Systems at Scale
For sustainable adoption, voice-based chatbots must align with the
realities of low-fee and government schools. Leveraging existing na-
tional digital infrastructure, such as DIKSHA (Digital Infrastructure
for Knowledge Sharing, an integrated portal for teacher training by
the Indian government), allows integration into familiar platforms
for lesson delivery and teacher training.

At the classroom level, short, teacher-supervised onboarding
sessions can be embedded within existing English periods, after
which practice can extend to privacy-respecting home use. Packag-
ing content as curriculum-aligned “Speaking Lab” micro-modules
(e.g., 10–15 minutes) would help schools adopt them with minimal
disruption to timetables.

To make analytics actionable at scale, data flows should be role-
based and exception-driven: teachers receive concise alerts (e.g.,
persistent tense errors, silence/short-utterance flags), while school
leaders can access more detailed reports on demand. This design
minimizes planning overhead while enabling targeted support. Be-
cause many schools already run “smart-class” video sessions but
lack digital assessment, these modules can be scheduled in exist-
ing smart-class blocks, with lightweight in-app quizzes to seed
formative data without requiring new hardware.

Scalability also depends on teacher professional development
(TPD). Micro-TPD modules—delivered through the same digital
infrastructure—should demonstrate classroom facilitation, inter-
preting dashboards, and troubleshooting ASR or scaffolding break-
downs. Clear, parent-facing guides and light-touch community
facilitation can further support learners beyond school hours.

By embedding chatbot use within existing digital ecosystems,
while minimizing additional workload for teachers and families,
integration strategies can increase the likelihood of sustained up-
take in resource-constrained school systems. In sum, distributing
a curriculum-aligned, mobile-first “Speaking Lab” within national
platforms, coupled with exception-based analytics and micro-TPD,
offers a credible, scalable, and sustainable pathway across govern-
ment and affordable-private systems.

5.4 Limitations and Future Work
Our findings are based on qualitative and observational data, which
are subject to interpretive coding and the technological variability
of real-world deployment. The reported percentages capture the-
matic trends rather than precise prevalence. While triangulation
across multiple stakeholder groups strengthens credibility, these
limitations underscore the exploratory nature of the research. The
study’s short intervention period (six days) limits our ability to
observe long-term engagement and sustained learning outcomes,
and the absence of pre- and post-interaction assessments prevents
definitive claims about learning gains. A further limitation is that
all student–chatbot sessions occurred in a supervised setting with a
research facilitator present. Although facilitators’ involvement was
restricted to technical support and non-instructional encourage-
ment, their presence may still have influenced students’ willingness
to persist, take risks, or reattempt utterances. Several students also
expressed a preference for using the chatbot privately at home,
suggesting that engagement and confidence may differ in less su-
pervised or fully unsupervised deployments.

Future work should incorporate standardized speaking assess-
ments with qualitative tracking to better quantify learning out-
comes. Longitudinal studies with larger and more diverse samples,
combined with objective measures, would strengthen external va-
lidity. Controlled experiments manipulating accent and speech rate,
as pioneered byMunro and Derwing [46], could help isolate their ef-
fects on comprehension. Comparative studies of LLM-based versus
hybrid rule-based chatbots would also be valuable to clarify the cost-
benefit profile of generative AI in bandwidth-limited settings [32].
In addition, comparing school-based use with more autonomous
home use would help disentangle the effects of the chatbot from
those of human scaffolding and social context.

As surfaced in our field study, there are multiple opportunities
for technical refinements to optimize chatbot performance within
school settings and enhance user experience. These findings high-
light the value of future co-design with stakeholders, drawing on
the design considerations identified here to guide subsequent itera-
tions.

6 Conclusion
This study examined how students, teachers, and principals in four
low-fee Delhi schools engaged with a spoken-English chatbot. All
stakeholder groups valued the chatbot as a safe, motivating space
for practice, and our six-day deployment suggested it could boost
students’ confidence, though these gains were fragile in the face
of technical barriers. While students preferred open-ended conver-
sational practice, administrators prioritized curriculum alignment
and assessment, revealing tensions around long-term adoption. We
highlight design challenges and offer insights for creating voice-
based educational technologies that balance student engagement,
administrative priorities, and infrastructural constraints in resource-
constrained, multilingual contexts.
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A Interview Discussion Guide with Student
Participant (Day 1)

[Introduction]
Introductory Questions
1. How old are you? What’s something fun you enjoy doing?
2. Do you have a favorite subject in school? What makes it inter-
esting to you?
3. Is there a subject you find challenging or less enjoyable? What
do you think could make it more interesting?
4. Do you like learning English? What kinds of things do you learn
in your English classes? What did you learn yesterday?
5. Do you find it easy or sometimes difficult when you talk in Eng-
lish? How do you feel about speaking English with your friends,
teachers, or parents?
6. Why do you think learning English is important? How do you
think it can help you now and in the future?
7. What do you dream of becoming when you grow up? Do you
think knowing English will be useful for that? How?
8. Do you watch TV shows, movies or videos at home? What kind
of content do you enjoy watching? Do you watch anything in Eng-
lish?
9. Do you get homework that requires you to use the internet, such
as researching information or watching educational videos? How
do you use a computer, tablet, parents’ phone, shared phone, etc.?
10. Do you have a stable internet connection at home? Is it through
Wi-Fi or a mobile device’s internet? 11. Do you go to tuition classes
after school? What subjects do you study there?
[Introduce Student to the Bot & Invite them to Interact with it by
performing 2-3 tasks]
The observer should meticulously document the student interaction,
including what the student said, how the chatbot responded, and any
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instances where the chatbot failed to understand the student or vice
versa. Note any moments where the child encountered difficulties.
(Note: This note-taking will be an essential component of training field
staff collecting data - they will be trained on how to take observational
notes, what to look out for, and we will also conduct mock sessions
with them)
The following checklist can be used to summarize the notes. Collect
feedback from the student after the interaction.

General Feedback on Interaction
11. What did you think of interacting with the bot? Did you find it
different from other interactions you’ve had, say, in your English
classes?
12. How did the conversation feel to you? Do you have similar
interactions at home or school with teachers, friends, parents or
tutors?
13. In what ways did the conversation with the bot feel different
from your interactions with these people?
14. Which task during the interaction did you enjoy the most, and
why? Which task did you not like as much and why?
15. Did you like the bot’s voice? If not, what would you change
about it and why?
16. Were there particular moments or parts of the conversation that
you found interesting or memorable?
17. Did you like the format(website)? What did you like/dislike
about it?
18. Was there anything you disliked about your interaction with
the bot? Did you ever feel frustrated, and why?
19. If I asked you to rate the following aspects on a scale of 1 to 5
stars (1 being the least and 5 being the maximum), how many stars
would you give each?
* Tasks
* Conversational Style
* Format of the bot
Comprehensibility
20. Did you find the speed at which the bot spoke comfortable, or
would you prefer it to be faster or slower?
21. Did you find the bot’s accent straightforward to understand?
Were there any instances where you struggled to understand the
accent?
22. Did you learn anything new from the interaction? Was there
any word or concept you hadn’t heard before that you figured out
during the conversation?
23. The bot is designed to understand Indian accents and the Hindi
language, but sometimes it can fail. Do you think the bot success-
fully understood what you said, or did you find it hard to make it
understand you?
24. Did you use any Hindi words or phrases while using the bot?
Was the bot able to correctly understand them?
25. Could you follow the text that came along with the audio? Did
you find it correct most of the time, or only sometimes?
26. Did you get an opportunity to ask the bot questions? Did you
ask the bot any questions? Was it able to answer the questions?
Were you satisfied with the responses?
User-friendliness
27. Did you find it challenging to use the bot? What specifically did
you find challenging?

28. Was it easy to use the audio button to speak during the interac-
tion?
29. (Have the students log into the chatbot and choose tasks) Did
you find it easy to log in and navigate?
30. Where would you like to use the bot more— at home or in
classrooms? Why? If at home, how do you think you would use it?
Would you use it on your parents’ phone or another device?
31. Do you have any suggestions for improving the bot’s tasks or
activities? Anything in particular you would like to talk to the bot
about?
32. What else would you like to see added/changed to the bot to
make it more useful or enjoyable for you?
33.Would you share your experience using the bot with your friends
and parents today? What would you tell them about it? How would
your family react if you shared this bot experience with them?

B Interview Discussion Guide with English
Teacher

[Introduction]
Introductory Questions
1. How long have you been teaching? How long have you been
teaching in this school? Do you teach any subjects besides English?
2. How many classes and students are there in the school? On
average, how many students are in each class? How many English
teachers are there?
3. Do students have access to technology tools such as computers,
tablets, or headphones at school?
4. Does the school have internet access?

English classes at the school
5. How many English periods do students have, and what is the
duration of each period?
6. Can you describe a typical English class and what aspects are
covered?
7. How much time per week is dedicated to oral language skills in
your English classes? How often do students get opportunities to
practice speaking in English?
8. What activities are conducted in the classroom to improve stu-
dents’ spoken English? Is there a specific curriculum or program
focused on developing English-speaking skills at your school?
9. In your opinion, what is the current level of students’ English-
speaking skills? Do you notice any hesitation or lack of confidence
among students when asked to speak in English? If so, what are
some common challenges they face? Could you share some exam-
ples or anecdotes to illustrate this?
10. Are there particular tools or techniques effective for evaluat-
ing students’ language skills? Could you explain how you assess
students’ language, speaking and fluency skills? Any method or
criteria that you use?
11. Do students normally take an interest in English classes? Are
there any particular aspects of the class that they seem to enjoy or
engage with more?
12. Teachers often use various strategies to make their classes more
engaging. What activities or methods do you use to keep students
interested in English?
13. What opportunities do students have to converse in English
outside their English classes? Do they practice speaking English in
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other classes, with friends, at home, or in tuition classes?
Use of technology
14. Do you use technology-based tools or audio-visual resources to
facilitate language learning in your classes?
15. Do you use any apps or digital tools to conduct student assess-
ments? If so, can you tell us more about it and how it helps you?
Do you know any teachers who use these tools?
16. Do students typically have access to phones/computers/internet
at home? Are they given any homework which requires them to
access the internet at home?
[Introduce the teacher to the bot & invite them to interact with it by
performing 2-3 tasks]
Note: Encourage the teacher to test out the bot for students so they
may want to try to interact like a student. We also want to test if we
can make it part of the curriculum.
General Feedback on Interaction & Engagement
17. What did you think of interacting with the bot? How did the
conversation feel to you? Do you think students interact similarly
with teachers, friends, and parents at home or school?
18. In what ways did the conversation with the bot feel different
from the interactions with these people?
19. Which task during the interaction did you like the most, and
why? Which task did you not like as much and why?
20. Were the tasks relevant to the context and appropriate for the
grade level?
21. Given the decreasing attention spans of students and their ten-
dency to get bored quickly, do you think they will lose interest in
these tasks easily? How can we ensure sustained interest among
students?
22. Did you like the bot’s voice? If not, what would you change
about it and why?
23. Did you like the format(website)?
24. Was there anything you disliked about your interaction with
the bot? Did you ever feel frustrated, and why?
25. If I requested you to rate the following aspects on a scale of 1
to 5 (where 1 signifies the lowest and five the highest), how would
you rate each?
* Tasks
* Conversational Style
* Format of the bot
Comprehensibility
26. Did you find the speed at which the bot spoke comfortable,
or would you prefer it to be faster or slower? Do you think most
students in your class would find it comfortable?
27. Do you think most students in your class will be able to under-
stand the accent? What percentage of students in your class might
find it challenging to follow?
28. The bot is designed to understand Indian accents and the Hindi
language, but sometimes it can fail. Did you try using any Hindi
words or phrases? How well do you think the bot understood those
Hindi words or sentences? Did it respond appropriately? 29. Did
you follow the audio, more text or both? Did you find them correct
most of the time, or only sometimes?
30. Did you ask the bot any questions? Was it able to answer the
questions? Were you satisfied with the responses?
31. Do you believe the tasks offer sufficient opportunities/prompts
for students to ask questions or give detailed responses? If not,

what improvements could be made to enhance these aspects?
User-friendliness
32. Did you find it challenging to use the bot? What specifically did
you find difficult?
33. Was it easy to use the audio button to speak during the interac-
tion?
34. Do you anticipate that students would find it user-friendly?
Do you think they can use it independently without needing adult
assistance?
35. Could students log in to the chatbot and select tasks themselves?
36. How do you see implementing the chatbot? Would you prefer
to integrate it into classroom activities, assign it as homework, or
both? What challenges do you foresee in implementing it in class-
rooms versus at home?
37. If you were to design an English curriculum with the bot in it,
where do you see it fitting in?
38. What role do parents typically play in their child’s education?
Do you encourage parents to participate in their child’s school-
work? Would you support allowing parents to manage their child’s
bot account to monitor practice and ensure discipline?
39. Earlier, we talked about assessment tools. Do you believe the
chatbot could assist you in conducting some of these assessments?
40. Would reviewing transcripts of student interactions be valuable
for evaluating students’ performance? How?
41. If provided with a dashboard [share a sample dashboard for
context] showing students’ performance in one place, do you think
it would be a valuable tool for assessing students? How do you see
it assisting you or simplifying your responsibilities?
42. Alternatively, would you prefer the bot primarily as a tool for
students to practice and continue to use your current assessment
methods?
43. If there were a feature for you to add tasks or upload content to
the chatbot in digital format, how easy would it be for you to find
and upload content? Where do you typically find supplementary
content for students besides school textbooks?
44. Do you have any suggestions for improving the bot’s tasks or
activities? Is there anything specific you would like students to
discuss with the bot?
45. What else would you like to see added/changed to the bot to
make it more helpful or enjoyable for the students?
Perceptions of advantages and sustained use
46. How might this enhance student engagement compared to tra-
ditional learning methods? What advantages could it provide for
students’ continuous language practice?
47. Which statement do you agree with more and why?
* “Practicing with a bot as opposed to with a real person will not
have much impact on students’ speaking skills”
* “The bot offers a safe and non-judgmental environment for stu-
dents who may hesitate or lack the confidence to practice their
conversational skills”

C Interview Discussion Guide with School
Principal

Key Questions:
1. How many English teachers are there in your school?
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2. How many students are there in your school, and how many are
typically in each class?
3. What kind of access do students in your school have to computer
facilities?
4. Does your school have access to the internet? If so, how reliable
is it? Do students use the internet at school?
5. In your opinion, what is the current level of students’ English-
speaking skills?
6. What activities are conducted in the classroom to improve stu-
dents’ spoken English?
7. Have teachers in your school been using tech-based tools to aid
their teaching? If yes, how have these tools helped both the teachers
and the students?
8. Do students in your school have opportunities to converse in
English outside of their English class? For example, in other classes,
with their friends, at home, or during after-school tuition?
Introduce the principal to the bot & invite them to interact with it by
performing 1 task
1. Were the tasks relevant and suitable for the students? Are there
specific topics or themes you’d like the bot to cover with students?
2. Which grades do you think this bot would be most effective for,
and why?
3. Do you think the majority of students in your school would
understand the bot’s accent? What percentage of students, if any,
might find it difficult to follow?
4. Do you think students would find the bot user-friendly? Would
they be able to use it independently, or might they need adult assis-
tance?
5. In your opinion, how much support should and can teachers and
parents provide to help or monitor students while using the bot?
6. How do you think parents would perceive this chatbot? What
concerns or questions might they have about it?
7. How do you see implementing the chatbot? Would you prefer
to integrate it into classroom activities, assign it as homework, or
both? What challenges do you foresee in implementing it in class-
rooms versus at home?
8. Do you have any suggestions for improving the bot’s tasks, ac-
tivities, or interactions?
9. Do you believe the chatbot could assist teachers as an assess-
ment tool? Would reviewing transcripts of student interactions be
valuable for evaluating students’ performance? How?

D Student-bot Interaction Observation Check
List

1. How often did the student struggle with the audio button (press,
hold, speak)? Specify the issues (share examples). For example, the
bot often asks to “speak again” even after multiple attempts. There
are instances where the bot doesn’t respond after the student has
completed speaking; sometimes, the student releases the button,
but the bot doesn’t register the input correctly.
* Not at all
* Rarely
* Sometimes
* A lot
2. How often did the bot not understand what the student said
correctly? Take note of specific instances where the bot failed to

understand the student or gave out-of-context responses. Was it in
response to students’ accents, use of colloquial Hindi words, use of
Hindi phrases/sentences, or proper nouns such as names?
* Not at all
* Rarely
* Sometimes
* A lot
3. How often did the student struggle to understand what the bot
said? Take note of specific instances where the student failed to
understand the bot. For example, the bot did not use simple English,
the student could not follow the accent, etc.
* Not at all
* Rarely
* Sometimes
* A lot
With a Text box
4. How often did the student struggle to understand what the bot
said? Take note of specific instances where the student failed to
understand the bot. For example, the bot did not use simple English,
the student could not follow the accent, etc.
* Not at all
* Rarely
* Sometimes
* A lot
5. How would you assess the conversation between the bot and the
student? Share examples.
* Student responds briefly to the bot’s questions.
* The student shows some interest by creatively responding to the
bot’s questions or giving descriptive answers.
* The student is very interested and asks questions about the bot.
6. Is the student enjoying the conversation? Share examples (Ob-
serve signs of engagement such as smiles and laughs or leaning
forward to try things, or signs of disengagement such as frowns,
sighs, yawns, or turning away from the computer)
7. Did students feel discouraged or confused at any point? Share
examples
8. Were there any digressions? How effectively did the bot manage
these digressions and redirect back to the main topic of conversa-
tion?
9. How would you assess students’ level of understanding?
10. How many times did the student ask for your help?
* Not at all
* Rarely
* Sometimes
* A lot
11. What kind of help? Share a few examples?
12. If the student digresses from a topic, does the bot redirect back
to the topic?
13. Was the student able to follow the bot’s speed?
14. Did the text match what the student said? How often was there
a mismatch?
15. Are there any opportunities for students to ask the bot ques-
tions?
16. Any technical issues the student faced while using the bot, such
as:
* Inaccurate transcription of spoken words or phrases.
* Long pauses or delays before the bot responds to student input
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* Connectivity issues
* Bot Freezes or crashes
* Any other issues

E Sample Prompts for Chatbot Utterance
Generation

Task 1: Best friend
### System Guidelines:
You are an English Teacher.
### Task Details:
- **Content**: In this scenario, you are helping a
student from India learn to speak English by having
a conversation about a best friend.
Start by greeting me and asking if I have a best friend.
Wait for a response, then ask what their name is.
Be positive and curious, asking follow up questions
to keep the conversation going. Make sure to show
interest in what the student has to say and ask
open ended questions!
Some examples of questions to ask after the greeting
include:
How did you meet?
What do you like to do together?
What is your favorite memory with <best friend>?
You are a teacher adapting to grade level:
Early elementary (Grade 1-3):
very simple words, short sentences,
encourage full sentences. Example:
T: What is your favorite game?
S: My favorite game is cricket.
Upper elementary (Grade 4-6):
slightly more detail, simple reasons. Example:
T: Why do you like cricket?
S: I like it because it is fun and
I play with friends.
Middle school (Grade 7-9):
moderate complexity, more reasons, examples. Example:
T: Describe a hobby.
S: I enjoy painting because it relaxes me
and helps me express myself.
High school (Grade 10-12):
natural, detailed, explain thoughts. Example:
T: Discuss a meaningful activity.
S: I enjoy photography; it challenges my creativity
and changes how I see the world.
Always clarify if unclear. Encourage full answers.
### Persona Information:
- **Name**: Teacher
### User Profile:
{'username': 'Abhay', 'preferred_name': 'Abhay',
'role': 'student', 'grade': '7th',
'preferred_language': 'Hindi', 'voice_speed': 1.0}

Task 2: Favorite sports
### System Guidelines:
You are an English Teacher.

### Task Details:
- **Content**: In this scenario, you are helping a student
from India from 3rd grade learn to speak English
by having a conversation about sport.
Start by greeting me and asking if I have a
favorite sport.
Wait for a response, then ask questions about it.
Be positive and curious, asking follow up questions
to keep the conversation going.
You can share your own thoughts about the sport to
add to the conversation, but make sure it is focused
on the student. Make sure to show interest in what the
student has to say and ask open ended questions!
If the conversation is ever dull, try to switch to
a different sport.
Use short, simple words/sentences and give plenty of
chances for students to share full sentences
instead of just one-word answers.
### Persona Information:
- **Name**: Friend
- **Persona Prompt**: Fun and engaging conversation with
a peer
### User Profile:
{'username': 'Abhay', 'preferred_name': 'Abhay',
'role': 'student', 'grade': '7th',
'preferred_language': 'Hindi', 'voice_speed': 1.0}

F Student-by-day Affective Trajectory
Heatmap of affective scores (1–5) for all 23 students across up to
six sessions of chatbot use (Figure 2). Rows represent individual
students and columns represent sessions (Days 1–6). Darker cells
indicate more negative or hesitant affect (lower scores), whereas
lighter cells indicate more positive, confident, and engaged affect
(higher scores). Blank cells reflect sessions that did not occur for that
student. The pattern shows modest early gains in affect for many
students, followed by volatile mid-week shifts and, for some, late-
week drops, which informed the four “Affect Arc” types described
in Section 4.4.
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Figure 2: Heatmap of session-level affect scores (1–5) for 23 students across up to six days of interaction with the voice-based
English practice chatbot. Each row corresponds to a unique student ID and each column to a daily session (S1-S6). Color
intensity moves from dark (low scores, negative affect) to light (high scores, positive affect); blank cells indicate sessions that
did not occur. The figure shows heterogeneous trajectories that motivated the four “Affect Arc” types discussed in Section 4.4.
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