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Figure 1: In this project, we investigate two methods of embedding AI-based tutoring in high school science videos. ScienceChat
embeds questions in a science video and supports learning in twomodes. In ChatMode, learners answer open-ended questions a
by constructing free responses b . Based on the student answer, an AI agent may ask follow-up questions c or give hints d .
In Quiz Mode, learners answer multiple choice questions e and receive instant feedback f .
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Abstract
Chat-based tutoring is becoming increasingly powerful with the
advances in generative AI. There is a prospect of using chat tu-
tors to provide personalized and pedagogically beneficial feedback,
which was only possible in traditional quiz-style tutors where stu-
dents’ answers were more easily assessed. This work contrasts the
pedagogical benefits and risks of genAI powered chat and work-
sheet tutoring in high school science. We propose ScienceChat,
a chat-based tutoring system that embeds open-ended questions
throughout a science video, where students chat with an AI agent
and receive feedback. We ran a within-subject experiment with
high school students, who learnt with ScienceChat and a quiz tutor
that posed multiple-choice questions. We found significant learning
gains between pre- and post-tests in both conditions. Students in
ScienceChat had higher engagement and used more science vocabu-
laries in the post-test. We also observed frustrated moments when
AI tried to elicit details that students thought were unnecessary.

CCS Concepts
• Applied computing→ Computer-assisted instruction; In-
teractive learning environments.

Keywords
Chat-Based Tutoring, Multiple-Choice Questions, High School,
Video-Based Learning

1 Introduction
Chat-based tutoring systems are becoming increasingly power-
ful with the advances in general-purpose large language models
(LLMs) [23, 32, 39, 44, 48]. Chat-based tutoring describes scenarios
where the tutor agent poses a question, the student constructs an an-
swer, and the tutor agent provides a personalized and pedagogically
beneficial feedback [30, 37]. In contrast, traditional intelligent tutor-
ing systems (such as cognitive tutors [8, 18] and constraint-based
tutors [33]) often pose more scripted questions to learners, such as
multiple-choice or fill-in-the-blank questions, where existing algo-
rithms can reliably provide automated feedback. These cognitive
tutor-style questions also resemble the assignment worksheets that
many students get in their science classrooms nowadays.

A key factor that differentiates between chat-based tutors and
question-answering tutors (which wewill refer to as "quiz tutors") is
how much the tutor requires the learner to construct an answer in-
dependently from scratch. Additionally, chat-based tutors are more
social and flexible (e.g., they can handle questions that students ask
them) [14, 16, 38, 41], whereas quiz tutors are more targeted (e.g.,
they ensure that the students will get a learning experience that
aligns with the lesson’s objectives). Despite decades of research
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demonstrating the benefits of tutoring systems of both kinds, there
is a lack of empirical evidence comparing the two modes, especially
when powerful generative AI tools could both enhance learners’
learning experiences in chat-based tutoring systems, and facilitate
the creation of quiz tutors.

In this project, we aim to investigate how students interact with
and learn from generative AI-powered chat-based versus quiz-based
tutoring systems. We situate our study in the context of high school
science learning from videos, for the following reasons. First, stu-
dents begin to learn more complex science phenomenon in high
school in comparison to middle school, which may benefit more
from sensemaking and explanation processes [19]. Second, stu-
dent are not as independent as college students and would benefit
from scaffolding and targeted practices [42]. Lastly, videos are com-
monly used tools in high school science classrooms where teachers
may assign videos and facilitate classroom discussion based on the
videos [24, 49].

To address the question of "to chat or to quiz", we developed
ScienceChat, a video-based learning platform that supports two
modes of learning. A set of questions are programmed within the
platform. When learners watch videos in ScienceChat, the video
would pause at question markers and the learner would answer
a question about the content they have just watched. The two
modes in ScienceChat supports chat tutoring and quiz tutoring
respectively. In Chat Mode, learners answer open-ended questions,
and there is an AI agent that gives feedback to the learner. In Quiz
Mode, learners answer multiple-choice questions and receive both
corrective feedback and explanations.

ScienceChat requires teachers to provide an initial list of open-
ended questions that they would like students to learn based on the
video, e.g., "What factors can make mutations more likely to occur?"
For each question, teachers also need to provide a set of grading
components that they would like to see in the student answer, e.g.,
"Component 1: External factors include chemicals or radiation",
"Component 2: Internal factors include events that cause issues
during DNA replication". With these inputs, the AI chat agent will
present students with the original open-ended question and guide
them to learn through a back-and-forth conversation. In the pro-
cess, the agent may ask follow-up questions or provide hints. With
the exact same teacher input, ScienceChat can also automatically
generate a set of multiple-choice questions with similar question
stems, up to 4 options per question, and a feedback message for
each option. In Quiz Mode, students answer the multiple-choice
questions at the same timestamps as in Chat Mode.

We conducted a within-subject experiment with 14 high school
students within the grade range 9–12. Each participant watched two
science videos (on topics of mutations and geoengineering) either
in Chat Mode or Quiz Mode, counterbalanced. We administered a
pre-test and a post-test quiz per video to measure learning outcome,
and an experience survey per video to probe into their experience.
Each study lasted for 90 minutes.

The following is a summary of our findings and implications:

• We observed significant learning gains from pre-test to post-
test for both conditions. On a 8-point quiz, students’ average
score increased from 2.9 to 6.2, an average gain of ~ 41% of
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the total score. However, we did not witness a significant dif-
ference between the two conditions on learning gains. This
suggests that when teachers are limited on time, a carefully
designed LLM pipeline could deliver pedagogically benefi-
cial quiz questions which are ready for immediate use, e.g.,
on platforms that are already popular among teachers such
as EdPuzzle [3]. Given that using AI-powered chat tutors
requires more computational resources, it needs further evi-
dence to advocate for their use.

• We did observe qualitative evidence that for students who
had lower pre-test scores, they seemed to benefit more from
Chat Mode. Since our study sample is relatively small, fu-
ture work is required to investigate the interaction between
tutoring methods and students’ prior knowledge levels.

• In the experience survey, students rated Chat Mode to be
more thought-provoking, provided more new knowledge,
and encouraged deeper reflections about the video. However,
students also rated Chat Mode to incur higher cognitive
loads.

• We observed that answering questions in Chat Mode was
more difficult and took longer for the students. On the other
hand, students reviewed previous video segments more fre-
quently and recalled more details when answering ques-
tions in Chat Mode, whereas many students got the multiple-
choice question right on first try. We observed qualitative
evidence of learning in particular in Chat Mode, e.g., when
students showed misconceptions in their answers, the AI
agent guided them to correct the mistakes.

• We also noticed situations where the AI chat agent was an-
noying and distracting for the students, e.g., when it tries
to elicit unnecessary details from the students, when it in-
correctly assesses the student’s answer, or when it reveals
the correct answer in the follow-up question, making the
student confused.

2 Related Works
2.1 Chat-Based Tutoring
Chat-based tutoring refers to the instructional strategy in which
tutors ask students open-ended questions to provoke their think-
ing, with feedback and / or follow-up questions offered to them to
further guide them towards constructing their own understanding
of a learning topic [39, 48]. This approach is grounded in socio-
cultural theories, which posit that learning is a socially mediated
process where children would acquire knowledge and skill through
guided interactions with more knowledgeable partners. Such exter-
nal scaffolding will expand a child’s development potential from
the limited circle that they can achieve without the intervention
of others (referred to as "the zone of proximal development" by
Vygotsky [15]). In this sense, through active question answering,
students can achieve a level of learning that they would not have
otherwise reached.

In chat-based tutoring, the benefits of asking questions are greatly
enhanced when combined with responsive dialog, which often in-
cludes a mix of hints, clarifications and explanations [13]. During
a pedagogical dialog, questioning helps tutor assess the children’s
current level of understanding, while the responses that children

receive back prompt them to reconsider their initial responses,
identify areas for revisions, and refine their answers towards the
expected direction. These principles, which support overall com-
prehension through conversational exchange, can also be applied
to the learning of specific domains. For instance, studies show
that interactive dialog interventions in classroom settings not only
boosts students’ language comprehension, but also deepens their
knowledge in disciplines such as math and science [17, 45].

Rapid advancements in machine learning technologies have en-
abled AI to amplify the learning benefits of chat-based tutoring. AI
could provide additional dialog opportunities with children, espe-
cially when a human conversation partner is unavailable. Before
the advent of LLMs, studies have already started to apply strategies
grounded in human-to-human chat-based tutoring strategies to
digital tutoring systems. An early example for this line of work was
AutoTutor [12]. This pedagogical agent was designed to engage in
natural language conversations with students. AutoTutor’s dialog
strategies include asking students questions and using special tech-
niques to elicit their thinking. These techniques include prompts
that encourage students to elaborate on their responses, hints that
break down complex questions for easier understanding, and guid-
ance that help students revise their responses towards the expected
answer. Studies have suggested that these intelligent tutoring sys-
tems can significantly enhance students’ learning outcomes [29].
In some studies, the benefits observed from intelligent tutors are
even comparable to those generated by a trained human tutor [20].

LLMs offer new possibilities to make these intelligent tutors even
more customized to student responses. Unlike traditional intelli-
gent tutors (e.g., AutoTutor), LLM-enabled chat-based tutoring is
not limited by preset dialog structures or pre-scripted responses.
Therefore, it is possible that these LLM-powered tutoring systems
can independently generate questions based on provided learn-
ing materials and provide highly relevant and coherent responses
based on past interactions [46]. This adaptive feature makes LLMs
well-suited for open-ended conversations with students, especially
in science disciplines where one of the most important learning
objectives is problem solving.

2.2 Evaluation of Tutoring System Strategies
A few large-scale meta-analyses on the effect of different tutor-
ing systems have been conducted in recent times. [43] categorizes
existing tutoring systems into five subgroups depending on the
granularity of their instruction strategy:

(1) Human tutoring
A human leads the tutoring session instead of a computer
system.

(2) Substep-based tutoring
The system provides live scaffolding and feedback through
conversation as the learner solves the problem.

(3) Step-based tutoring
The system prompts the learner to input the final answer
and pre-defined intermediate steps, then provides feedback
based on the answer and steps.

(4) Answer-based tutoring
The system prompts the learner to input the final answer
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only, then infers their reasoning and provides feedback based
on their answer.

(5) No tutoring

These subgroups are ordered in decreasing levels of granularity,
i.e. the minimum amount of reasoning that can be contained within
each round of system-learner interaction. For example, human
tutoring is not constrained by any computer system and can go as
detailed as possible. On the other hand, answer-based systems will
only perform a one-off evaluation on the final answer, with little to
no insight about how the learner actually arrived at that answer.
It is thus possible to map the three subgroups in the middle with
the two types of tutoring considered in our work (⊇ means "is a
superset of"):

• Quiz-based tutoring ⊇ Answer-based tutoring / step-based
tutoring

• Chat-based tutoring ⊇ Substep-based tutoring

In the [43] study, it is found that (1) the learning effect plateaus
at step- and substep-based tutoring, making both of them indistin-
guishable from human-tutoring; (2) both step- and substep-based
tutoring demonstrate better learning outcomes than answer-based
tutoring. These conclusions fail to provide evidence for a compari-
son between chat- and quiz-based tutoring, as it appears that the
performance of quiz-based tutoring is dependent on how much
learner response is provided through the user interface (answer- vs.
step-based tutoring).

A subsequent meta-analysis [21] adopted the same system cat-
egorization as [43]. They further confirmed the effect plateau for
step- and substep-based tutoring by excluding (previously included)
studies conducted under non-conventional teaching settings (e.g.,
studies which involved watching pre-recorded tutoring lectures).

It is also worth mentioning that both meta-analyses (including
all of their aggregated studies) come before the general availability
of LLMs like ChatGPT, so their influence on the potential outcome
of chat-based tutoring was yet to be considered.

2.3 LLM Applications in Tutoring
In recent years, LLMs have started to demonstrate human-like
performance in reasoning [9] and problem-solving [34, 36]. One
line of work has explored the potential of LLMs as high quality
tutors [28, 40]. Given the effectiveness of LLMs in feedback gen-
eration [26, 31, 35, 40], question answering [23] and expertise in
teaching methodologies [28], LLM-based tutors are empowering
modern Intelligent Tutoring Systems (ITS) to produce fast and tar-
geted feedback to natural language user inputs. However, one major
concern of using LLMs for high-stake activities like school teaching
and tutoring is hallucination [27]. Recent work have suggested
using Retrieval-Augmented Generation (RAG) to reduce the chance
of producing erroneous information in LLM-based systems [10, 11].
By restricting generation only to information retrieved from the
knowledge base, RAG could enhance the reliability of the LLM’s
output [25]. In this work, we aim to extend these explorations
in LLM-based tutor systems to facilitate students’ science video
learning.

3 Formative Investigation
We performed an IRB-approved formative study to understand how
teachers would like AI tutors to behave. In the formative study
sessions, teachers were asked to develop lesson plans and comment
on AI-generated tutoring questions. We recruited a total of 7 sec-
ondary science teachers to participate in our study. They reported
an average of 14.6 years of science teaching experience, ranging
from 6 to 26 years. Their teaching expertise included biology, chem-
istry, physics, engineering, and earth and space science. Each study
session lasted 60 minutes online (through a Zoom meeting). After
the session, they were compensated with a $50 gift card.

During a session, a teacher was asked to watch a science video,
and create lesson plans that involve teaching the video. Particularly,
teachers were asked to design some questions that could encourage
their students’ higher-order thinking about the video. Following
the lesson plan creation, we showed the participant with a set of AI-
generated (using GPT-4) open-ended and multiple choice questions
based on the same video that they just watched. We asked them
to review the questions, annotate on them, and comment on how
these questions intersect with their instructional goals.

We analyzed the data using affinity diagrams and here is a sum-
mary of findings:

• Teachers all really liked the idea of embedding an AI agent
in the video which asks open-ended questions and engages
in back-and-forth conversations with the students, and pre-
ferred for the agent to ask open-ended questions instead of
multiple-choice questions.

• When creating questions to help teach the video, teachers
would like to embed questions within the video at regular
intervals to maintain student engagement and focus.

• Teachers want the questions asked to align with NGSS stan-
dards and specific to the concepts presented in the video.
Teachers would like to ask questions about important ter-
minologies/vocabularies. Teachers want to make sure the
questions are answerable based on the video content and do
not want the students to get frustrated by the difficulty of
the questions.

• Teachers want to provide immediate feedback to students’
answers. They are currently doing this through in-class dis-
cussions.

• Teachers want to teach critical thinking, e.g., they want the
students to understand the reasoning behind the explana-
tions, apply the concepts in real-wold situations, and explain
the concepts and phenomenon in their own words.

These findings inspired our design of ScienceChat as a conversa-
tional space for students to talk about science concepts in their own
words under the guidance of an AI agent. However, it is of LLM’s
nature to be divergent, which often leads to hallucinations. In the
study, we noticed that when teachers reviewed LLM-generated
questions and dialogs, they especially wanted to avoid cases where
the AI agent may ask a question that is beyond the student’s knowl-
edge level, or introduce new information that is unrelated to the
learning material. Therefore, one key design consideration is for the
ScienceChat’s AI chat agent to stay grounded in the video content.
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4 ScienceChat
We introduce ScienceChat, an AI-based tutoring platform for sci-
ence videos that supports both chat-based and quiz-based learning.
Teachers can import course material (e.g., videos), create questions,
specify expected components in student answers, and test out po-
tential student experience with the chat agent in the Editor Mode.
Students learn in the dedicated StudentMode. ScienceChat leverages
the RAG capability of GPT-4o [4] to generate follow-up feedback
for each student response in the Chat Mode.

4.1 Example Teacher’s User Journey
Mary is a high school biology teacher. In the next class, she decides
to play a video on mutations [7]. To facilitate their learning, she
has designed some open-ended questions for students to discuss
based on the video content. To make sure that each student can
receive instant, customized feedback based on their answers, Mary
uses the ScienceChat system to set up and present her questions. An
overview of her interaction with the system is shown in Figure 2.

Mary can upload new videos to the system or provide links to
existing online videos. Mary can also provide learning standards,
such as the Next Generation Science Standards (NGSS) [5] or state-
wide disciplinary standards, which will be incorporated into the AI
chat agent’s prompts.

In Chat Editor Mode, Mary can import her pre-designed open-
ended questions, and specify the expected components in students’
answers. The chat agent will use such information to guide the
students. On the same interface, Mary can initiate an example
conversations with the tutoring agent as if she were a student.
In case she discovers anything that was not covered, or notices
that the tutoring agent might need some additional knowledge in
order to provide effective feedback, she can go back to edit the
questions and / or the expected components, and the changes will
be automatically applied to the tutoring agent.

WithMary’s input, which includes the open-ended questions and
the expected components, the system can automatically generate
multiple-choice questions and feedback for her. Mary can also enter
Quiz Editor Mode to create new questions from scratch. Once Mary
is ready with the system setup, she can send the link to the student
mode to her students.

Students will enter the Student Mode interface of ScienceChat
(Figure 3), where all interface widgets intended for Editor Mode are
hidden.

4.2 Chat Agent Implementation
While appearing as one monolithic component, the AI agent in
Chat Mode is actually composed of multiple specialized agents
communicating with each other, each configured with a set of
different chain-of-thought prompts [47] (see Appendix A). This
multi-agent approach allows different agents to query different
contexts (i.e., different subsets of the video transcript) in order to
deliver more accurate evaluation of student answers.

In each turn of a dialog, the student response and intermediate
evaluation results are embedded into these prompts as parameters
in order to generate the next follow-up message. The logic flow
diagram for the multi-agent approach is shown in Figure 4.

4.2.1 Agent Initialization. Internally, each specialized agent calls
one or more assistants provided by the OpenAI Assistants API [1].
The assistants are capable of performing RAG on a text document
("context") and provide responses that align with the information
contained in it. When the user first adds a video or a grading com-
ponent, one or more assistants are initialized accordingly (Appen-
dix A.1):

• The video assistant uses the full video transcript as the
context, with temperature=1 (default value).

• The context assistant also uses the full video transcript as
the context, but with temperature=0.

• The grading component assistant uses a subset of the
video transcript that is most relevant to the grading compo-
nent as the context. This is extracted through through a call
to the context assistant (Appendix A.9).

Once the assistants are created, they are stored to the database
and retrieved whenever called by a specialized agent. If the video
transcript is modified by the user, all assistants will need to be
re-initialized as well, but we do not expect this to be an action that
needs to be performed frequently after the initial video import.

4.2.2 Main Student Evaluation Logic. The evaluation of a student’s
progress is based on how many grading components they have
fulfilled so far. If there exists some grading component(s) that the
student has not yet satisfied, then they will be prompted by the
agents to amend or improve their answer, one component at a time.
Hence, the student will always have a component that they are
currently working towards ("the current component").

4.2.3 Preliminary Classification. When a student response is first
received by ScienceChat, it will check (1) whether the response is
asking a question (Appendix A.3) and (2) whether the response
contains any substance (Appendix A.2). The result of these classifi-
cations will determine which agent(s) to call in subsequent steps.

4.2.4 Q&A Agent. If the question check returns true, i.e. the stu-
dent is asking a question instead of giving an answer, the Q&A
Agent will call the video assistant to answer their question (Appen-
dix A.6). This typically happens when the student is experiencing
confusion or is looking for clarification about certain term or con-
cept. Q&A interactions do not count towards the maximum number
of attempts for a grading component (see Section 4.2.6).

4.2.5 Hint Agent. If the question check returns false (i.e. the stu-
dent is not asking a question) and the substance check returns false
(i.e. the student response does not contain any substantial effort,
like simply saying "I don’t know"), then the Hint Agent will call the
grading component assistant (Appendix A.5) to (1) give them a hint
based on the current component and (2) remind them to rewatch
the video at the component’s timestamp.

The other condition in which the Hint Agent is utilized is when
the student has already made 𝑛 unsatisfactory answers towards the
current component (see Section 4.2.6). This usually means that they
are having difficulty grasping the core concept entailed by this com-
ponent. The student can be hinted towards a grading component
at most once.

4.2.6 Rubric Agent. If the student is not asking a question and their
response is substantial, then the Rubric Agent will check whether
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Figure 2: Teachers can import videos, create questions, specify the expected components in student answers in the Editor Mode.
With these basic inputs, the system automatically initializes the chat agent in Chat Mode, and automatically generates the
multiple-choice questions and feedback messages in Quiz Mode.

this response fulfills the current component. This is done through a
call to GPT-4o chat completion API with the current component’s
context contained in the prompt (Appendix A.4).

If the current component is fulfilled, the agent will mark it as
"done" and move on to asking about the next one. Otherwise, as
long as the total number of attempts on the current component
does not exceed a predefined value (the variable 𝑛 in Figure 4), the
agent will keep probing the student. In both cases, the Rubric Agent
will call the grading component assistant of the component to be
asked about (Appendix A.7).

4.2.7 End of Dialog. If there are no more grading components
left unfulfilled, the agent will call the video assistant to end the dia-
log (Appendix A.8). The student will receive a concluding statement
which tells them that they have completed the question.

4.2.8 Revealing Unfulfilled Grading Component. If the student re-
mains struggling on the current component even after a hint from
the Hint Agent, the next agent will reveal this component to the
student before proceeding to the next component. This behavior
applies to Hint, Rubric and End of Dialog agents.

4.2.9 System Performance. The multi-agent approached makes use
of request parallelization, faster LLMs (GPT-4omini vs. GPT-4o)
and faster API endpoints (normal chat completion vs. Assistants
API) to optimize the system turnaround time. With the current

implementation, ScienceChat in Chat Mode can generate a follow-
up response in under 5 seconds on average (see Table 2). This is on
par with general chatbot services like ChatGPT.

4.3 System Iteration
Based on findings from three pilot study sessions we conducted,
we iterated on ScienceChat in the following ways.

4.3.1 Reducing Maximum Student Attempts before Giving a Hint.
Originally, we set that the maximum number of student attempts
per grading component to be 𝑛 = 2 (see Section 4.2.6), after which
a hint will be given. We found that given the amount and complex-
ity of grading components available, students frequently become
frustrated by the extended length of dialogs and loses focus in their
answers. So for subsequent study sessions, we lowered 𝑛 to 1 to
reduce the upper bound of each dialog’s depth.

4.3.2 Reducing Length of AI Agent’s Feedback Message. ?

4.3.3 Semantic Tags in AI Agent’s Feedback Message. We found that
the lack of visual cues in the structure of AI agent’s response was
another factor that made students’ understanding difficult, even if
the feedback message was relatively short.

To optimize the appearance of feedback messages, we prompted
the AI agent to annotate different sections of its response with
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Figure 3: Student Mode of the ScienceChat system. Students can learn in both the Chat Mode and the Quiz Mode. The platform
display a video, and there are questions markers on the video player. The video would pause at each question marker. The
student will answer open-ended questions guided by an AI agent in the Chat Mode and multiple-choice questions in the Quiz
Mode. In the Chat Mode (left), the agent will ask follow-up questions if their answers are unsatisfactory. The agent may also
give the student a hint and prompt them to revisit a specific point in the video. In the Quiz Mode (right), the student receives
immediate feedback after making a selection.

a number of pre-defined semantic tags. During front-end render-
ing, these tags are (1) converted into emojis for accentuation and
(2) used to divide the agent response into paragraphs. A list of se-
mantic tags is given in Table 1 and an example is given in Figure 5.

4.3.4 More Accessible Video Replay Button. The video replay but-
ton that comes with each hint message was originally positioned
at the upper-right corner of AI agent’s dialog bubble, with the
intention of increasing its visibility and utilization. However, post-
session interview with the pilot participants revealed that they
either did not notice there was a replay button at all, or they found
it easier to interact with the video player itself than to mouse over
to the button’s position.

Based on their feedback, we moved the video replay button to
the end of the hint paragraph, so it coincides with their eyes’ focus
once they finish reading the entire message (Figure 6).

4.4 System Implementation and Deployment
All front-end interfaces are designed with React.js [6] framework.
The back-end server is implementedwith the Django [2] framework.
The student evaluation and response generation logic for ChatMode
AI agent is implemented in Python. ScienceChat is deployed to a
VM instance on Google Cloud Platform.

5 Study Design
We conducted an IRB-approved study with high school students.
Using ScienceChat as an instrument, we explored the following
research questions:

RQ1 Which of the two modes of science video learning would
result in higher learning gains?

RQ2 Which of the two modes of science video learning do high
school students prefer?

RQ3 What are the advantages and pitfalls of implementing an AI
chat-based tutoring system for learning high school science
videos?

5.1 Participant Recruitment
We dispersed participant recruitment form and study description
document in multiple high schools. After we recruited an initial
group of participants, we encouraged them to further spread our
recruitment message and / or refer their schoolmates to sign up
for the study. To be eligible for participation, each student must
be between Grades 9–12 (inclusive) and have their parent or legal
guardian sign a consent form prior to the study session. In total, 14
high school students participated in the study: 3 participants were
from Grade 10, 4 from Grade 11, and 7 from Grade 12. Each study
session lasted approximately 90–100 minutes and participants may
choose to attend in person (in a classroom; 3 participants) or online
(through a Zoom meeting; 11 participants). After the session, they
were compensated with a $50 gift card.
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Figure 4: Logic flow diagram for the multi-agent follow-up generation process in Chat Mode.

Table 1: List of semantic tags used by ScienceChat AI agent, their corresponding emoji replacement and context.

Semantic Tag Emoji Context

[ANSWER]
Exclamation mark +
"What you missed:" Hint / Rubric / End of Dialog Agent reveals a grading component

[END] Confetti End of Dialog Agent gives a concluding statement
[HINT] Light bulb Hint Agent gives a hint
[EXPLAIN] Check mark Q&A Agent answers the student’s question
[QUESTION] Question mark Rubric Agent asks a follow-up question

[COMMENT] (None) All other agent outputs

5.2 Study Material
5.2.1 Science Video Selection. We consulted high school teachers
and current high school students to decide on the subject, topic
and difficulty of science videos to be used for this study, and settled
on two popular science videos of comparable depth: one on muta-
tions [7] ("video M") and the other on geoengineering [22] ("video
G").

5.2.2 Question Generation. Our collaborating high school teacher
created the initial set of open-ended questions to be embedded in
the videos. The Mutations video has 9 questions and the Geoengi-
neering video has 7, which is based on the number of important
concepts that can be learned from each video. Each question comes
with 1–3 grading components. Both videos are about 8 minutes
long, it look the teacher about 15 minutes to gather the inputs for
each video. We manually mapped the questions to a timestamp in
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Figure 5: An example AI agent feedback message before (left) and after (right) the introduction of semantic tags.

Figure 6: The placement of video replay button before (left) and after (right) the iteration.

the video. Special care was taken to place the questions between
sentence breaks in the video’s narration; this ensures that in Stu-
dent Mode, the video player will not cut off a sentence halfway
when pausing for a question. Finally, the data are imported into
ScienceChat’s Chat Editor Mode interface directly.

The multiple choice questions are all AI-generated from the
corresponding opened-ended question using the system’s conver-
sion prompt (Appendix A.10). The opened-ended questions in Chat
Mode and the multiple-choice questions in Quiz Mode are mapped
one-to-one and positioned at the same timestamps.

5.2.3 Pre- / Post-Test Quizzes. To investigate RQ1, we invited the
high school teachers to design two sets of quizzes ("question set
A / B"), along with answer keys, based on each video’s content. Both
versions have 5 questions covering the same essential concepts, but
the question stems are slightly varied to function as pre- and post-
test questions. Each test is worth 8 points. During the study sessions,
the order in which each participant receives the two quiz sets is
shuffled. One may receive question set A before the video (pre-test)
and B after the video (post-test), or vice versa. After all sessions
are complete, all quizzes are graded anonymously according to the
answer key. We consider the difference in pre- and post-test scores
as an indicator of students’ knowledge gain.

5.2.4 Experience Surveys. To investigate RQ2 and RQ3, we de-
signed a Likert-scale survey for Chat Mode and Quiz Mode respec-
tively. The survey asks participants to rate to what extent they
agree or disagree to a series of statements about their learning
experience in ScienceChatṪhe survey is given after they complete
the corresponding learning mode.

5.3 Study Procedure
Before each study session, the following items are determined at
random:

• The order in which the participant is given video M and
video G;

• The order in which the participant interacts with Chat Mode
and Quiz Mode;

• The order in which the participant is given question set A
and B as pre- / post-test.

We first gave the participant an overview of the study setup
and procedure, and obtained their consent to record the session.
In learning one video, participants first answered the pre-test quiz.
They were given 8 minutes to complete it to the best of their abil-
ity. They will then login to the ScienceChat system. If they were
assigned to learn this video in the Chat Mode, they will access
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the Chat Student Mode interface. We give them a brief tutorial on
how to navigate the system interface. They have 25 minutes to
watch through the video and complete all open-ended questions.
We observed the participant’s interaction with ScienceChat with
minimal interruption, except only when they needed help with
troubleshooting. After the learning, the participant was asked to
fill out the Chat Mode experience survey in 3 minutes. Finally, the
participant answered the post-test quiz. Again, they were given 8
minutes to finish and submit the quiz. They will repeat a similar
process for the second video, except that they would learn the video
in the other mode, in this case, it’ll be the Quiz Mode.

After learning of both videos, we performed a brief interview
with the participant to learn more about their experience. When
discussing their positive or negative interactions with the system,
we encouraged them to point at specific dialogues or feedback
messages.

5.4 Data Analysis
We extracted the following sources of quantitative and qualitative
data from the study sessions.

(1) We reviewed the performance and utilization of ScienceChat’s
chat agent based on raw data extracted from the system logs.

(2) We evaluated participants’ preference between Chat Mode
and Quiz Mode based on their responses to the experience
survey.

(3) We compared participants’ quiz performance before and
after watching the science video to quantify their knowledge
gains.

(4) We transcribed and analyzed the study session transcripts
and created affinity diagrams to identify important themes
about students’ experiences and preferences of the Chat
Mode and Quiz Mode in the system.

6 Findings
6.1 System Logs
In total, 14 participants submitted 284 responses to the AI agent
in 109 conversations. The descriptive data is displayed in Table 2.
The average AI response time is less than 5 seconds. Since we used
GPT-4o’s streaming API, on average participants would begin to
see generated content appearing on their screen within 3 seconds.
Participants’ average response length is 12.9 words, and AI’s re-
sponse is much longer, with an average of 51.7 words. The number
of messages per conversation is 2.6.

Table 3 provides a summary for the frequency that each spe-
cialized agent generated a response. Rubric Agent was called most
frequently.

6.2 Pre- / Post-Test Performance
We observed significant learning gains from pre-test to post-test
for both conditions. On a 8-point quiz, students’ average score
increased from 2.9/8 to 6.2/8, an average gain of 41% of the total
score. However, we did not observe a significant difference between
the two conditions on learning gains.

Table 2: The average AI response time is less than 5 seconds.
Since we used the streaming API, on average, learners would
begin to see updated content on their screen within 3 seconds.
Participants’ average response length is 12.9 words, and AI’s
response is much longer, with an average of 51.7 words. The
average number of learner messages per conversation is 2.6.

Statistic Min Avg. Max

AI agent turnaround time (second) 3 4.86 17
Learner response length (word) 1 12.9 68
AI agent response length (word) 27 51.7 95
Number of learner responses per dialog 1 2.6 7

Table 3: Utilization frequency of each specialized agent type
in the study.

Agent Type Frequency

Q&A Agent 4 1.4%
Hint Agent 65 22.9%
Rubric Agent 110 38.7%
End of Dialog 105 37.0%

Total 284 100.0%

6.3 Experience Survey
To address RQ2 and RQ3, we compared the students’ Likert-scale
survey scores on their experiences with the Chat Mode and the Quiz
Mode. Students generally responded more favorably to questions
about the advantages of both modes, with average scores exceeding
3.5 on a 7-point scale. When comparing the average scores between
the Chat and Quiz mode, we found students thought the Chat Mode
more thought-provoking, provided new knowledge, and encour-
aged deeper thought about the video. In particular, by running a
𝑡-test, we found statistical significance in how students viewed the
open-ended questions as more thought provoking than multiple
choice questions (𝑝-value = 0.004) and how the AI agent’s follow-up
questions made them think harder about the video compared to
feedback from multiple choice questions (𝑝-value = 0.00).

Although not statistically significant, the Quiz Mode had higher
average scores in certain areas compared to the ChatMode. Students
found reviewing multiple-choice responses easier and more helpful
for their learning than reviewing the AI agent’s dialog history. They
also preferred learning science videos in the Quiz Mode and were
more likely to recommend the Quiz Mode experience to friends
compared to the Chat Mode.

Regarding the disadvantages of both modes, there were statis-
tically significant differences, with students responding less nega-
tively to the Quiz Mode than the Chat Mode. When asked about
their preferences, students wanted fewer open-ended questions
compared to multiple-choice questions during the video experience
(𝑝-value = 0.009). They felt the AI agent in the Chat Mode elicited
more unnecessary details compared to Quiz Mode’s multiple-choice
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feedback (𝑝-value = 0.03). Additionally, students reported that open-
ended questions required more mental effort than multiple-choice
ones (𝑝-value = 0.049).

6.4 Post-Session Interview
Below, we present the most prominent themes that we identified
from the transcripts of participant interview sessions.

6.4.1 (+) Chat agent’s follow-up questions are enhancing partici-
pants’ understanding / pointing them in the right direction. Many
participants (P2, P8, P9, P11, P13, P14) mentioned that the chat
agent in Chat Mode helped them formulate a deeper understanding
of the subject matter and gain new knowledge that they were not
familiar with before. P11 shared, "[Before] the open ended questions,
I didn’t know anything about that [video] topic. But now I feel a lot
more well versed on it. [...] I already learned a lot of stuff about that
topic." An example dialogue is P1’s discussion about the impact of
mutations, in which the AI chat agent made an effort to ensure that
that participant knew both whether and why some mutations can
be neutral.

Question Are the results of mutation good or bad?
Participant They are random, they can be good or bad.
AI Agent [COMMENT] Great start! You’ve nicely men-

tioned that mutations can be both harmful
and beneficial. However, not all mutations
are either. [QUESTION] Can you think of how
some mutations might not impact the organ-
ism at all, particularly with regard to changes
in amino acids?

Participant Yes, mutation can be good or bad and some-
times have no impact.

AI Agent [COMMENT] Good, you’re on the right track!
You’ve acknowledged that some mutations
don’t have any effect. [QUESTION] Can you
explain how certain mutations might not
cause any changes to the amino acids in an
organism?

Participant Certain mutations might not cause any
change in amino acids as they are not sig-
nificant enough to impact an organism.

AI Agent [COMMENT] Excellent work! You have clearly
articulated that mutations can be helpful,
harmful, or neutral. You also explained that
some mutations are insignificant in effect.
[END] (concluding statements omitted)

Participants also liked the AI agent for pinpointing which parts
of their answer is right (P4, P6, P8) or wrong (P2, P5, P8, P11, P13),
which served as useful indicators for their next response. P8 said,
"It told me what [parts] I wrote [were] right, which made me feel
that I was going on the right track." P5 added, "Especially when I’m
very close to the answer, I like how it tells me where to go and other
points that I’m getting wrong in." In particular, P9 experienced the
following dialog, in which the AI agent was actively working to
correct the participant’s misconception about the universality of
mutations.

Question What organisms are affected by genetic muta-
tions?

Participant Fungi, Plants, protests, plants, archea, bacteria
and viruses.

AI Agent [COMMENT] Good job mentioning a variety of or-
ganisms! You’re on the right track, but think more
broadly about what kinds of cells or genetic ma-
terial mutations can occur in. [QUESTION] Can
mutations occur in all types of genetic material,
such as both DNA and RNA?

Participant No
AI Agent You’re doing well by naming different kinds of

organisms. But let’s consider all types of genetic
material. [HINT] Hint: Review the video at 0:27
for a clue about whether mutations are limited to
certain types of genetic material.

Participant yes, they can occur in all organisms with DNA
and RNA

AI Agent [COMMENT] Excellent! You’ve correctly identified
that any organism with RNA or DNA can experi-
ence mutations. Great job expanding your answer
and understanding the broader concept of genetic
material mutations. [END] (concluding statements
omitted)

6.4.2 (+) Chat agent’s feedback leads participants to notice video
contents that they have previously missed. Many participants (P2,
P3, P6, P7, P9, P12) reported that AI agent’s response helped them
notice important video details that they would have otherwise
neglected. P3 elaborated their experience: "[The AI agent] makes me
want to look back into the video and see the little things that is said
and allows me to pick them up. These are all the important things that
can help me learn more about what is being discussed." P9 shared a
more specific example:

Question What are some potential side effects of aerosol
injections?

Participant They could disrupt rain patterns and/or tear holes
in the ozone-layer.

AI Agent [COMMENT] Great start! You’ve correctly noted
that aerosol injections could disrupt rain patterns
and harm the ozone layer. To fully answer the
question, think about the broader impacts these
disruptions might have. [QUESTION] How might
changes in rainfall patterns specifically affect agri-
culture and food production?

Participant (Participant rewinds the video manually to look for
answers)
The changes in annual rainfall could lead to
drought and famine.

AI Agent [COMMENT] Excellent work! You’ve done a great
job identifying key side effects of aerosol in-
jections and their potential to harm agriculture
through changed rainfall patterns. [END] (con-
cluding statements omitted)
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P9 speculated in hindsight, "I assume this is a 3-part answer, so
[the AI agent] is looking for effects on the agricultural system as well
as the ozone layer and temperature. But I probably wouldn’t have
gone back to look at how it affected the food industry if it didn’t
suggest it."

6.4.3 (+) AI agent’s hint messages with video replay button are help-
ful and specific. Several participants who used the video replay
button commented on its convenience and accuracy (P2, P4, P5,
P10, P11, P12). P4 compared ScienceChat’s design with an online
quizzing platform that they had used in school before: "I remember
for (platform name), when you say ‘rewatch’, [the video] would auto-
matically go back by 5 seconds each time. That’s not really a precise
timing, right? But for this one, there’s actually a timing like ‘You have
to go here’; ‘That’s where it starts’. I think that’s pretty good." P11
further pointed us to a dialog in their session:

Question What are aerosol injections?
Participant They are when acids are injected into the atmo-

sphere to control global warming effects. They
are an example of global engineering

AI Agent [COMMENT] Great start! You’ve correctly men-
tioned injecting substances into the atmosphere
as part of geoengineering. However, you need to
be more specific about what exactly is injected.
[QUESTION] Can you think of a specific type of
particle that is released into the atmosphere dur-
ing aerosol injections, and why these particles
stay suspended in the air?

Participant Sulphate Particles are released into the air
AI Agent [COMMENT] Nicely done! You’ve identified sulfur

particles accurately. There’s a tiny detail you need
to include about why these sulfur particles stay in
the air for a longer period. [HINT] Think about
the size of these particles and how that might
affect their behavior in the atmosphere. Review
the video at 3:26.

Participant (Participant clicks on the replay button and re-
watches the video from the given timestamp)
The particles are small and so they can stay in
the air for extended periods of time

AI Agent [COMMENT] Good job on recognizing that sulfur
particles are released and that they stay in the
air due to their size. [END] (concluding statements
omitted)

P11 recalled, "There was this question where I really wasn’t getting
it, and then [the AI agent] gave me a timestamp which I could like
reflect on, which covered what I was confused about. [...] The summary
that I was given in the video was pretty accurate to what they were
expecting."

6.4.4 (–) AI agent’s feedback is vague / confusing. Many partici-
pants (P1, P2, P5, P8, P9, P13) experienced cases where they were
confused by AI agent’s feedback message and had little idea what
to answer next. P8 felt that sometimes "[The AI agent] was wording
it in a weird way that I did not understand it. I feel that if it was more
specific, it would have been more helpful." P2 exemplifies this feeling
with the following lengthy interaction:

Question What’s the difference between gene and chromoso-
mal mutations?

Participant Gene mutations involve abnormal changes to mRNA
and amino acids while chromosomal mutations af-
fect DNA and proteins.

AI Agent [COMMENT] You’ve touched on important aspects of
gene and chromosomal mutations! However, there’s
one crucial detail missing about gene mutations.
[HINT] Remember to review the video around 1:56,
focusing on what changes in a single gene.

Participant A genetic mutation in a single gene can alter the pro-
teins that are produced, which affect an organism’s
physical traits.

AI Agent [COMMENT] Excellent progress on gene mutations!
Now, let’s delve deeper into chromosomal mutations.
[ANSWER] What you missed: Gene mutations are
changes in a single gene, DNA base, or nucleic acid.
This is crucial to understanding how these can lead
to alterations in an organism. [QUESTION] How do
chromosomal mutations differ in terms of the scale
of changes they cause to DNA within a chromo-
some?

Participant Chromosomal mutations differ from genetic muta-
tions because the genetic material in chromosomes
is passed to offspring.

AI Agent [COMMENT] That’s a good start in understanding the
inheritance aspect of mutations. But let’s also think
about the physical scale of DNA changes involved in
chromosomal mutations. [HINT] Think about what
happens to larger pieces of DNA within a chromo-
some. Review the video content at 3:13.

Participant Chromosomes aremade up of DNA and proteins. Hu-
mans have 46 chromosomes, half from the mother
and half from the father. When these mutations are
passed down, they will affect future offspring.

AI Agent [COMMENT] Great job outlining the basics of in-
heritance! Remember, chromosomal mutations are
about changes in larger DNA segments. [ANSWER]
What you missed: Chromosomal mutations involve
changes in large pieces of DNA within a chromo-
some. These changes can significantly impact an
organism because they affect larger segments of ge-
netic material. [END] (concluding statements omitted)

The participant was considered by the AI agent as failed to
satisfy both grading components of this question, but the participant
remained at a loss even after seeing the revealed answers and
performing multiple video rewinds. They said, "I do think that
there was a point where I felt [the AI agent] was trying to get me
somewhere... but I wasn’t really sure exactly where specifically. Like
around here (underlined response), I was sort of rephrasing what it
said in the video at that point, still not necessarily understanding how
to answer the question." This was a prime example of the AI agent
failing to guide the participant back on track towards the intended
answer, delivering reduced educational value while costing the
participant significantly more time to complete than usual.
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6.4.5 (–) AI agent fails to acknowledge participants’ answers that
should have been correct. Another common complaint that we re-
ceived from half of all participants (P1, P2, P8, P9, P12, P13, P14) was
that the AI agent was not accepting their correct answers because
they were not exactly the same as the grading components.

P14 observed, "The AI system essentially wants a very specific
answer, regardless of whether my answer was similar or just [phrased]
in different words. [...] I noticed that in one of the questions, [...] the
final answer was exactly what I had written down initially." P14’s
attempts that were not recognized by the AI agent are given below:

Question What’s the difference between gene and chromo-
somal mutations?

(Intermediate follow-up questions omitted)
Attempt 1 The chromosomal mutations are on a larger scale

while the genes are within the chromosomes
Attempt 2 Chromosomal mutations changes the DNA and

Protein while gene mutations change the DNA
bases

Component 1 Gene mutations are changes in a single
gene / DNA base / nucleic acid

Component 2 Chromosomal mutations involve changes in large
pieces of DNA within a chromosome

P14 continued to argue, "I feel like that [mine] should have been
the correct answer, and my past correct answers had to be restated in
my final answer. [... The component] is not exactly my answer, but
it’s implied in my answer."

The same issue happened to P12 in a different question:

Question In what way does atmospheric CO2 contribute to
global warming?

Participant CO2 contributes to the greenhouse effect in the sense
that it traps infrared heat emitted by the sun in our
own atmosphere.

AI Agent [COMMENT]Good start on identifying the role of CO2
in the greenhouse effect! However, there’s a small
error. CO2 traps infrared heat, but not from the sun
directly. [QUESTION]Can you think about where the
infrared heat that CO2 traps actually comes from?
Hint: Consider the Earth’s role in this process.

Participant The sun emits the light, it makes contact with the
earth, and the earth releases it.

AI Agent [COMMENT] Nice work refining your response!
You’re very close to the key idea. Keep focusing
on the interaction between Earth and heat. [HINT]
Review the video content at 1:33 to see how CO2 is
involved in trapping heat emitted by the planet.

Participant It’s heat that was absorbed and sequentially released
by the Earth.

AI Agent [COMMENT] Excellent! You’ve accurately described
how CO2 traps heat that is emitted by the Earth
after it absorbs sunlight. This detailed understanding
shows a clear grasp of the greenhouse effect. [END]
(concluding statements omitted)

P12 explained, "It feels like [the AI agent] is looking for like a
particular word or phrase, so that sometimes I would almost answer
the question, only if I had worded it differently." In this case, P12
believed that his two underlined responses were identical in content:
somehow, the AI agent rejected it the first time, but accepted it
the second time. This had added to the participant’s confusion and
impatience.

6.4.6 (–) Participants are frustrated by dialogs that keep going on
without a clear goal. Ambiguous AI agent feedback and unclear
answer expectations are factors that often trap participants in a
lengthy dialog that does not terminate until they reach the maxi-
mum number of turns allowed by the ScienceChat implementation.
This turns out to be the greatest source of frustration during Chat
Mode interaction (P3, P5, P6, P8, P10, P13, P14). P10 said, "When
[the system] was caught in this loop, it was almost like I was wanting
to put less effort into the questions, because I just wanted to move on
to the next task."

Though they did not explicitly bring it up in the interview, P1 had
gone through this exact process of Q&A fatigue in the following
6-turn dialog. Notice how the answer first became longer in an
attempt to fulfill as many grading components as possible, before
collapsing down into a single word:

Question What’s the difference between gene and chro-
mosomal mutations?

(Intermediate follow-up questions omitted)
Attempt 1 The difference between them is that they

change and can have mutation is different
ways. (15 words)

Attempt 2 gene mutations can impact the way ones pro-
teins are formed or even eye color pigment. (15
words)

Attempt 3 Changes occur in chromes can be one of 4 can
impacts humans build up and influences and
it can cause it to not get DNA from sperm and
egg cells accurately compared to where gene
mutation impacts ways proteins are formed
or things such as pigment and eye color. (49
words)

Attempt 4 It is much more impactful with changes in
chromosomes when compared to genes. (13
words)

Attempt 5 I dont know (3 words)
Attempt 6 ok (1 word)

To prevent this kind of potential frustration, P13 advocated for a
"give up" functionality on open-ended questions, which "would be
better than just keep going until you get everything right."

6.4.7 (~) Participants appreciate an opportunity to ask AI agent
questions during their session, but did not do so. When asked, half
of all participants (P2, P3, P4, P7, P8, P12, P13) replied that they
would like to ask the AI agent some questions for clarification (P2,
P7), concept definition (P7), a hint on missing components (P8), or
further exploration into a specific topic (P2). However, participants
may have been too preoccupied with drafting answers to the open-
ended questions that they had little mental capacity to think about
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anything else (P3). This could have explained the unusually low
utilization frequency of the Q&A agent (Table 3), with the only
few calls being a result of participants’ more inquisitive answer
statements rather than conscious questioning (e.g. P3: "no how
would that work?"; P5: "Is it proteins?").

6.4.8 (~) Participants express mixed preferences between Chat Mode
andQuiz Mode. When asked about their preference between Chat
Mode and Quiz Mode for their future science video learning, partic-
ipants’ responses are given in Table 4. (Participants were allowed
to vote for "It depends" or "Mix of both" after making a binary
selection between Chat Mode and Quiz Mode.)

The majority of participants prefer Chat Mode over Quiz Mode,
because they feel they could learn more through verbalizing an-
swers (P2, P11, P13), the feedback is more dynamic and customized
(P3), the dialogs are easier to review (P5), and their knowledge
retention will be longer (P7, P14). However, some participants still
prefer Quiz Mode for taking significantly less time to complete (P6),
being more straightforward (P8) and involving less manual input
(P10).

Participants who think "It depends" have highlighted decisive
factors like how abstract / conceptual the video topic is (P1, P7)
and the level of participant’s prior knowledge (P6) or interest (P9,
P12). Participants who support "Mix of both" think it will produce a
better balance of overall difficulty (P4) and be more similar to their
usual learning experience at school (P14).

Table 4: Participant preferences between ChatMode and Quiz
Mode for science video learning.

Preference Frequency

It depends 5 29.4%
Chat Mode 7 41.2%
Quiz Mode 3 17.6%
Mix of both 2 11.8%

Total 17 100.0%

7 Discussion
7.1 Which to Choose: Chat-Based or Quiz-Based

Learning?
Based on interviews and performance analysis of high school stu-
dents, we observe that there is not a definitive better solution be-
tween chats and quizzes in facilitating science video learning. We
did not observe significant difference on learning gains between the
two conditions. Qualitative evidence collected during the learning
activity and the follow-up interviews suggested that many students
preferred to use chat tutor, and did gain new knowledge through
back-and-forth conversations with the chat agent. Moreover, we
observed qualitative evidence that for students who had in par-
ticularly lower pre-test scores, they seemed to benefit more from
chat-based tutoring.

Our evidence suggests that chat-based learning is particularly
useful for

• Internalizing learned knowledge through the construction
of arguments (P2, P11, P13)

• Helping students grasp concepts that they struggle with (P6)
• Enhancing students’ knowledge retention (P2, P6, P7, P11,
P14)

• Keeping students focused throughout the learning process
(P4, P5, P6, P9)

• Producing helpful reference materials when reviewing for
tests and exams (P7, P12)

while quiz-based learning is more suitable for
• Introductory exploration / surface understanding of a science
topic (P1, P4, P6, P11, P13)

• Reinforcement of knowledge recognition (rather than recall)
in a straightforward manner (P1, P3, P10)

• Quick knowledge check-in’s that can be done within a short
amount of time (P4, P6, P7, P11, P12).

Since we observed a significant pre- to post-test gains in both
conditions, it suggests that when teachers are limited on time, a
carefully designed LLM pipeline could deliver pedagogically ben-
eficial quiz questions which are ready for immediate use, e.g., on
platforms that are already popular among teachers such as EdPuz-
zle [3]. Given that using AI-powered chat tutors requires more
computational resources, it needs further evidence to advocate for
their large-scale use.

7.2 Considerations for Designing LLM-Powered
Chat Tutoring Agents

The implementation of AI agent in ScienceChat has exposed several
pitfalls that could inform future designs.

7.2.1 Balancing between divergent and grounded discussions. Dur-
ing our preliminary testing, we found that out-of-the-box LLMs
(like ChatGPT) had a strong tendency of going out of scope of the
learning material when interacting with the user as a tutor. This is
because the LLM knows virtually "anything" in the corpus that it
was trained on, which far exceeds the subset of information that is
accessible to high school students.

To suppress the LLM (GPT-4o in our case) from eliciting knowl-
edge beyond what was intended by the teachers, we performed
heavy prompt engineering and utilized RAG to impose constraints
on its knowledge base. While effective, this had brought about the
side effect of being overly strict on student evaluation, character-
ized by follow-up questions that ask for unnecessarily trivial details
from the video (P3, P4, P7, P8, P12, P14).

For instance, P7 had the following interaction with the AI agent
on the consequences of a volcanic eruption. In this case, the AI agent
did not mark P7’s answer as correct ("it dropped the global climate
by blocking out some of the sun"; "over time the climate cooled") until
they have explicitly mentioned that global temperature dropped by
"0.5 degrees celsius". But in reality, the 0.5 ◦C might not have been
a detail worthy of repeated searches back into the video and two
additional turns of dialog. Although P7 did not complain about this
event, they mentioned that they actually "would prefer if [the AI
agent] went beyond the video" to "further explain a concept that the
video doesn’t explain that much, maybe with more details", so they
can "know more about the content".
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Question How did the eruption of Mount Pinatubo influ-
ence the global climate?

Participant it dropped the global climate by blocking out
some of the sun

AI Agent [COMMENT] Great start! You correctly mentioned
that the eruption blocked sunlight. [QUESTION]
Can you explore what exactly was released into
the atmosphere during Mount Pinatubo’s explo-
sion that caused this effect?

Participant sulfuric acid
AI Agent [COMMENT] You’re on the right track with men-

tioning sulfuric acid, as it played a significant role.
[HINT] Think about what the eruption sent into
the air in large quantities, around the timestamp
2:47 in the video.

Participant sulfur dioxide
AI Agent [COMMENT]Well done on identifying sulfur diox-

ide! That was an important component. [ANSWER]
What you missed: The explosion ejected millions
of tons of particles and gases into the atmosphere.
[HINT] Consider how the presence of these par-
ticles and gases might have affected the Earth’s
climate over time, especially around timestamp
3:05 in the video.

Participant over time the climate cooled
AI Agent [COMMENT] Excellent observation! You’ve noted

that the global climate cooled, which is a crucial
effect. [HINT] Keep investigating this cooling ef-
fect as there any specific measurement of how
much the Earth’s temperature decreased after the
eruption? Youmight want to review around times-
tamp 3:10 in the video.

Participant (Participant rewinds the video manually to look for
answers)
0.5 degrees celsius

AI Agent [COMMENT] Excellent job! You’ve effectively cap-
tured the significant aspects of the event, both the
sulfur dioxide release and the global temperature
drop. [END] (concluding statements omitted)

Therefore, it will require more investigation and experiment to
find out the ideal balance between "staying relevant to the video"
and "introducing more diverse and in-depth perspectives" for AI
agents.

7.2.2 Preventing Unintended Revelation of Correct Answer. Despite
our deliberate prompt engineering efforts to prevent the AI agent
from giving away expected components unless instructed to, it
would still occasionally include expected answers right inside the
feedback message. Instead of giving the students a shortcut to
completion, this actually led to greater confusion. For example, P14
noticed that "In the intermediate feedback on some of the questions,
the feedback itself was the right answer... I guess that was a hint, but
I never mentioned a hint, nor is it asking you to go to this section
(timestamp) like in some other hints." The feedback in question is
underlined below:

Question What organisms are affected by genetic muta-
tions?

Participant Fungi, plants, animals, protists, bacteria, archae,
and viruses

AI Agent [COMMENT] Great list! You’ve mentioned a vari-
ety of organisms. However, remember that mu-
tations occur in anything with RNA or DNA.
[QUESTION] Can you think about what all these
organisms you listed have in common at a genetic
level? What do they all possess that enables mu-
tations to happen?

Participant RNA and DNA
AI Agent [COMMENT]Well done! You’ve hit the key point by

noting that all these organisms possess RNA or
DNA, which allows for mutations. Excellent job
identifying the common factor crucial for genetic
mutations. [END] (concluding statements omitted)

This example highlights the challenge for AI agent to avoid both
(1) overly conservative hints that are barely any thought-provoking
at all, and (2) hints that give away the final answer directly without
any thought process left to the student.

8 Limitation
Due to time limitation per study session, we dropped a third learn-
ing task in which participants would watch a science video without
working on any problems at all. This added condition may reveal
how significant the effects of learning with tutoring interventions
actually are compared to without them. In this study, the student
sample size is limited (14 participants) and we did not formally eval-
uate the effectiveness of Editor Mode interfaces with high school
teachers. Further investigations are needed with larger and more
comprehensive population coverage from the high school commu-
nities to reflect the overall usability of ScienceChat.

9 Conclusion
This paper aims to address the question of "to chat or to quiz" when
providing generative AI-based tutoring for high school students
to learn science videos. We carefully implemented a platform Sci-
enceChat which provides twomodes of tutoring, namely Chat Mode
and Quiz Mode. Students would watch a science video and engage
in back-and-forth conversations with an AI agent in ChatMode, and
answer multiple-choice questions in Quiz Mode. A within-subject
experiment with 14 high school students showed that students had
significant learning gains in both conditions, though we did not
observe a difference between the two conditions. Through qualita-
tive analysis of learner’s dialogues and post-session interviews, we
found strong evidence of student learning in Chat Mode. Many stu-
dents also applauded the chat experience in enhancing knowledge
retention, keeping them focused, and supporting them construct
arguments in their own words. We suggest it requires further ex-
periments to understand when and how LLM-powered chat-based
tutoring can be safe, reliable and pedagogically beneficial. We rec-
ommend future LLM-powered chat tutoring system to consider the
trade-off between being grounded in the conversation versus being
more creative and divergent-thinking.
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A ScienceChat System Prompts
A.1 Assistant Persona

Function The system instruction for video assistant and
grading component assistant, which defines their
behavior. This prompt is the global "prefix" for
other task-specific assistant prompts.

Parameters {m_title}: The video title
{m_standard}: The video learning standards

You are a middle school teacher teaching Grades 9-12 who want
to assign a learning media video titled "{m_title}" to your stu-
dents for an upcoming science class discussion session. The video
transcript is provided as a file search attachment and please review
it in its entirety.
If the user provided video learning standards

The NGSS learning standard(s) of this video are given below.
[[LEARNING STANDARD BEGIN]]
{m_standard}
[[LEARNING STANDARD END]]
End if

A.2 Substance Check
Function Checks whether the student response has shown

any effort in answering the question.
Model gpt-4o-mini (chat completion; embedded full

transcript context)
Parameters {m_transcript}: The video transcript

{m_question}: The open-ended question stem
{m_student_response}: The student-submitted
response

[[TRANSCRIPT BEGIN]]
{m_transcript}
[[TRANSCRIPT END]]

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
Based on your understanding of the video transcript and the

open-ended question, please decide whether the following student
response shows any effort towards answering the question.

* Student Response: {m_student_response}
Your decision must be rendered as one single lower-case letter.
+ If the student response shows at least some amount of effort,

please respond with "t" (for "true"). It is perfectly acceptable
if:
– The student’s answer is not 100% correct or comprehensive
and still has space for improvement.

– Based on prior dialog, the student raises a new question
instead of answering the existing one.

+ If the student response does not show any effort (like pas-
sively saying "I don’t know"), please respond with "f" (for
"false").

Your lesson plan requires that you respond only with "t" or "f",
without quotation marks, new lines or additional reasoning for
your decision. Do not include anything else.

A.3 Question Check
Function Checks whether the student is asking a question

(instead of giving a statement).
Model gpt-4o-mini (chat completion; embedded full

transcript context)
Parameters {m_transcript}: The video transcript

{m_question}: The open-ended question stem
{m_student_response}: The student-submitted
response

[[TRANSCRIPT BEGIN]]
{m_transcript}
[[TRANSCRIPT END]]

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
Based on your understanding of the video transcript and the

open-ended question, please decide whether the following student
response is giving an answer to the original question or asking a
new question. Sometimes, students may ask you back for clarifica-
tions or about certain concepts they are unsure about before they
make an attempt to answer.

* Student Response: {m_student_response}
Your decision must be rendered as one single lower-case letter.
+ If the student is explicitly asking a question instead of giving
an answer, please respond with "t" (for "true").

+ If the student response is not explicitly asking a question,
please respond with "f" (for "false").

+ If the student is asking but their question is too similar to the
original open-ended question (such that if you, the teacher,
answers it directly, you will give away the correct answer),
please also respond with "f".

Your lesson plan requires that you respond only with "t" or "f",
without quotation marks, new lines or additional reasoning for
your decision. Do not include anything else.

A.4 Rubric Evaluation
Function Checks whether the student have by far fulfilled

a given grading component.
Model gpt-4o (chat completion; embedded grading com-

ponent context)
Parameters {m_rubric_context}: The context of current

grading component (extracted from video tran-
script)
{m_question}: The open-ended question stem
{m_rubric}: The current grading component
{r_dialog}: The dialog history
{m_student_response}: The student-submitted
response

[[TRANSCRIPT EXCERPT BEGIN]]
{m_rubric_context}
[[TRANSCRIPT EXCERPT END]]

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:
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* Open-Ended Question: {m_question}
Based on your understanding of the video transcript and the

open-ended question, and taking into account the discussion his-
tory, please decide whether the student hasmentioned the following
grading component up to their latest response (if there are terms
enclosed in square brackets with vertical bars in between, it means
that they are equivalent and mentioning any one of them is suffi-
cient).

* Grading Component: {m_rubric}
On the first line, provide a brief and concise explanation for

whether or not you think the student has fulfilled the grading
component "{m_rubric}".

On the second line, based on your argument above, render your
decision as one single lower-case letter (without quotation marks).

+ If the student has already mentioned the grading component,
please use "t" (for "true").

+ If the student has not yet mentioned the grading component
and you will need to ask more about it later, please use "f"
(for "false").

Your lesson plan requires you to follow the above rules strictly
and only contain two lines in your response. Do not include any-
thing else.

The discussion history is given below (do not use the tag [TEACHER]
or [STUDENT] in your response). In addition to all the above instruc-
tions, as a bottom line, your response should keep the conversation
going easy and smooth for the student, like a relaxed chat rather
than a rigid and concise exam problem. You should avoid pushing
for an answer, being overly critical or making abrupt jumps in con-
text. If necessary, you can use a sentence or two to transition from
what the student has just said.
{r_dialog}
[STUDENT] {m_student_response}

A.5 Hint Agent

Function Generates an easier hint question based on a
given rubric (if the student response failed the
substance check).

Model gpt-4o (knowledge base retrieval; grading com-
ponent assistant with grading component con-
text)

Parameters {m_question}: The open-ended question stem
{m_rubric}: The current grading component
{m_done_rubric}: The grading component(s)
that student has fulfilled
{m_expired_rubric}: The grading component
that student did not fulfill after maximum at-
tempts
{response_length_limit=60}: The expected
upper limit of agent output length (in words)
{r_dialog}: The dialog history
{m_student_response}: The student-submitted
response

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
By this time, the student has fulfilled the following grading

components:
* Grading Component: {m_done_rubric}

If the student has failed the last component
Through your discussion with the student, you realized that they

are still having some difficulties satisfying the following grading
component after a hint. So you decide to reveal this part of the
answer to them and explicitly pinpoint what exactly they were
missing based on the video contents, then move on to the next
unfulfilled grading component.

* Grading Component: {m_expired_rubric}
Youmust use "[ANSWER] ... [ANSWER]" (without quotation marks)

to enclose the revelation and explanation part of your response.
After doing the explanation, you want to lead the student to

focus on the following grading component.
* Grading Component: {m_rubric}

With reference to what the student has said, comment on their
response and current progress, then provide the student with an
approachable and thought-provoking hint to help them pinpoint
what exactly they were missing.
Otherwise

Through your discussion with the student, you have identified
that they may be having some difficulties satisfying the following
grading component.

* Grading Component: {m_rubric}
({m_rubric.minute}:{m_rubric.second})

With reference to what the student has said, comment on their
response and current progress, provide them with an approachable
and thought-provoking hint to help them pinpoint what exactly
they were missing, and remind them to review the video content
at the rubric’s timestamp shown above (in the exact same format,
without parentheses).
End if

You must use "[COMMENT] ... [COMMENT]" (without quotation
marks) to enclose the comment part of your response. You must
use "[HINT] ... [HINT]" (without quotation marks) to enclose the
hint and timestamp part of your response.

Your hint content should target only the grading component
above and should refrain from diverging to other topics. You must
not reveal the final correct answer (or any key concept or argument
from the correct answer) to the open-ended question in any way,
either directly or indirectly. In other words, what you respond must
not be identical or closely similar to the grading component.

Your lesson plan requires that you do not write down any-
thing other than the content of your response, on a single line
and without quotation marks. Your response must not exceed
{response_length_limit} words, but it must still meet all stan-
dards above. Please draft in this exact format.

The discussion history is given below (do not use the tag [TEACHER]
or [STUDENT] in your response). In addition to all the above instruc-
tions, as a bottom line, your response should keep the conversation
going easy and smooth for the student, like a relaxed chat rather
than a rigid and concise exam problem. You should avoid pushing
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for an answer, being overly critical or making abrupt jumps in con-
text. If necessary, you can use a sentence or two to transition from
what the student has just said.
{r_dialog}
[STUDENT] {m_student_response}

A.6 Q&A Agent
Function Answers the student’s question (if the student

response passed both substance and question
checks).

Model gpt-4o (knowledge base retrieval; video assistant
with full transcript context)

Parameters {m_question}: The open-ended question stem
{response_length_limit=60}: The expected
upper limit of agent output length (in words)
{r_dialog}: The dialog history
{m_student_response}: The student-submitted
response

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
Through your discussion with one of the students, you have

identified that they may be having some difficulties approaching
this open-ended question. Hence, they are asking you back about
something they want to know about or for certain clarifications on
the question.

Please analyze what might be the student’s confusion (you may
or may not mention it explicitly in your response) and respond to
their question in a way understandable for middle school students.

You must use "[EXPLAIN] ... [EXPLAIN]" (without quotation
marks) to enclose the Q&A part of your response.

Your response should focus entirely on what the student has
asked and refrain from diverging to other topics. You must not
reveal the final correct answer (or any key concept or argument
from the correct answer) to the open-ended question in any way,
either directly or indirectly. In other words, what you respond must
not be identical or closely similar to the grading component.

Your lesson plan requires that you do not write down any-
thing other than the content of your response, on a single line
and without quotation marks. Your response must not exceed
{response_length_limit} words, but it must still meet all stan-
dards above. Please draft in this exact format.

The discussion history is given below (do not use the tag [TEACHER]
or [STUDENT] in your response). In addition to all the above instruc-
tions, as a bottom line, your response should keep the conversation
going easy and smooth for the student, like a relaxed chat rather
than a rigid and concise exam problem. You should avoid pushing
for an answer, being overly critical or making abrupt jumps in con-
text. If necessary, you can use a sentence or two to transition from
what the student has just said.
{r_dialog}
[STUDENT] {m_student_response}

A.7 Rubric Agent

Function Generates a follow-up question based on a given
rubric.

Model gpt-4o (knowledge base retrieval; grading com-
ponent assistant with grading component con-
text)

Parameters {m_question}: The open-ended question stem
{m_rubric}: The current grading component
{m_done_rubric}: The grading component(s)
that student has fulfilled
{m_expired_rubric}: The grading component
that student did not fulfill after maximum at-
tempts
{response_length_limit=60}: The expected
upper limit of agent output length (in words)
{r_dialog}: The dialog history
{m_student_response}: The student-submitted
response

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
By this time, the student has fulfilled the following grading

components:
* Grading Component: {m_done_rubric}

If the student has failed the last component
Through your discussion with the student, you realized that they

still have not satisfied the following grading component after quite
a few tries. So you decide to reveal this part of the answer to them
and explicitly pinpoint what exactly they were missing based on
the video contents, then move on to the next unfulfilled grading
component.

* Grading Component: {m_expired_rubric}
Youmust use "[ANSWER] ... [ANSWER]" (without quotation marks)

to enclose the revelation and explanation part of your response.
After doing the explanation, you want to lead the student to

focus on the following grading component.
* Grading Component: {m_rubric}

Otherwise
Through your discussion with the student, you have identified

that their response so far has not satisfied (either insufficient, in-
correct or missing) the following grading component.

* Grading Component: {m_rubric}
End if

Please comment on the student’s response and current progress,
then ask them a follow-up question based on this grading compo-
nent to guide them to pinpoint what they were missing and amend
their answer. The follow-up question must be explicit (i.e. it ends
with a question mark) and there can only be one of it to avoid
confusion.

You must use "[COMMENT] ... [COMMENT]" (without quotation
marks) to enclose the comment part of your response. You must use
"[QUESTION] ... [QUESTION]" (without quotation marks) to enclose
the question part of your response.

Your follow-up question should target only the grading com-
ponent above and should refrain from diverging to other topics.
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You must not reveal the final correct answer to the open-ended
question or any grading component in any way, either directly or
indirectly. In other words, your response must not be identical or
closely similar to any grading component.

Your lesson plan requires that you do not write down any-
thing other than the content of your response, on a single line
and without quotation marks. Your response must not exceed
{response_length_limit} words, but it must still meet all stan-
dards above. Please draft in this exact format.

The discussion history is given below (do not use the tag [TEACHER]
or [STUDENT] in your response). In addition to all the above instruc-
tions, as a bottom line, your response should keep the conversation
going easy and smooth for the student, like a relaxed chat rather
than a rigid and concise exam problem. You should avoid pushing
for an answer, being overly critical or making abrupt jumps in con-
text. If necessary, you can use a sentence or two to transition from
what the student has just said.
{r_dialog}
[STUDENT] {m_student_response}

A.8 End of Dialog

Function Generates a concluding statement to the dialog.
Model gpt-4o (knowledge base retrieval; video assistant

with full transcript context)
Parameters {m_question}: The open-ended question stem

{m_rubric}: The current grading component
{m_done_rubric}: The grading component(s)
that student has fulfilled
{m_expired_rubric}: The grading component
that student did not fulfill after maximum at-
tempts
{response_length_limit=60}: The expected
upper limit of agent output length (in words)
{r_dialog}: The dialog history
{m_student_response}: The student-submitted
response

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
By this time, the student has fulfilled the following grading

components:
* Grading Component: {m_done_rubric}

If the student has failed the last component
Through your discussion with the student, you realized that they

still have not satisfied the following grading component after quite
a few tries. So you decide to reveal this part of the answer to them
and explicitly pinpoint what exactly they were missing based on
the video contents, then conclude the discussion.

* Grading Component: {m_expired_rubric}
Youmust use "[ANSWER] ... [ANSWER]" (without quotation marks)

to enclose the revelation and explanation part of your response.
Otherwise

Through your discussion with the student, you have identified
that they have satisfied all grading components for this question.

End if
Please comment on the student’s response and overall perfor-

mance, then conclude the discussion of this question. Do not ask
the student any new questions at this point.

You must use "[COMMENT] ... [COMMENT]" (without quotation
marks) to enclose the comment part of your response. You must
use "[END] ... [END]" (without quotation marks) to enclose the con-
clusion part of your response.

Your follow-up question should target only the grading com-
ponent above and should refrain from diverging to other topics.
You must not reveal the final correct answer to the open-ended
question or any grading component in any way, either directly or
indirectly. In other words, your response must not be identical or
closely similar to any grading component.

Your lesson plan requires that you do not write down any-
thing other than the content of your response, on a single line
and without quotation marks. Your response must not exceed
{response_length_limit} words, but it must still meet all stan-
dards above. Please draft in this exact format.

The discussion history is given below (do not use the tag [TEACHER]
or [STUDENT] in your response). In addition to all the above instruc-
tions, as a bottom line, your response should keep the conversation
going easy and smooth for the student, like a relaxed chat rather
than a rigid and concise exam problem. You should avoid pushing
for an answer, being overly critical or making abrupt jumps in con-
text. If necessary, you can use a sentence or two to transition from
what the student has just said.
{r_dialog}
[STUDENT] {m_student_response}

A.9 Context Extraction
Function Finds which part(s) of the source material is rele-

vant to the target material.
Model gpt-4o [knowledge base retrieval; context assis-

tant with full transcript context (as source mate-
rial) and temperature=0]

Parameter {m_target}: The target material
You are a professional context analyst working in the education

domain. Given a source material and a target material, your job is
to find section(s) of the source material that is the most relevant
to the target material, if any. The results you find in the source
material must be reported verbatim in your response.

The source material is provided (as a file search attachment) and
please review it in its entirety. More detailed instructions and the
target material will be provided to you later.

With reference to the source material available to you, please
find all relevant context of the following target material.

* Target Material: {m_target}
Please refer to the following requirements when formulating

your response.
+ If you find at least one section of the source material that is
directly relevant to the target material:
– Report all segment(s) of the source material that you find
verbatim. Do not modify or summarize in any way.

– If there are multiple continuous segments, add a single
line break between them.
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– Do not add numbering or leading titles to distinguish
between segments.

– Do not add inline citation (i.e. the source file name and
line number in brackets).

+ If you find that nothing in the source material is directly
relevant to the target material:
– Please respond with a single letter "x" (for "unknown"),
without quotation marks, new lines or additional reason-
ing for your decision.

Your are required to follow the above rules strictly. Do not include
anything else.

A.10 Converting Open-Ended Question into
Multiple Choice Question

Function Generates a multiple choice question based on an
open-ended question.

Model gpt-4o (knowledge base retrieval; video assistant
with full transcript context)

Parameters {m_question}: The open-ended question stem
{m_rubric}: All grading components of the
open-ended question

To facilitate active learning, collaborative thinking and science
communication, you have created the following open-ended ques-
tion for students to discuss in class based on the video contents:

* Open-Ended Question: {m_question}
The question has the following grading components (if there are

terms enclosed in square brackets with vertical bars in between, it
means that they are equivalent and mentioning any one of them is
sufficient):

* Grading Component: {m_rubric}
Although this question is able to fulfill your teaching needs, you

realize that not all students can receive instant feedback from you
due to the question’s open-ended nature. Therefore, you also want
to write a corresponding multiple choice question for this open-
ended question to provide students with instant, helpful feedback.

Your multiple choice question should help students further grasp
the core knowledge covered by this open-ended question, but in a
less involved and more approachable way. You want to avoid asking
for simple information recall from the video; instead, you want
the question stem and options to provoke students’ higher-level
thinking and deepen their comprehension of relevant knowledge
and concept.

To avoid confusion, you need to make sure that the incorrect
options are "strictly incorrect" according to the video content, as
opposed to statements that are unmentioned, partially wrong or
only less ideal than the correct one. Meanwhile, you must try your
best to formulate these "strictly incorrect" options as distractors to
promote your students’ critical thinking.

Please carefully review the video transcript, NGSS standards
(if any) and the learning goals above. Based on your understand-
ing, please present your multiple choice question in the following
format:

+ On the first line, write down at which time in the video the
students should be asked this question.

– For example, 3 minutes 5 seconds should be written as
"3:05" (without quotation marks).

– The question should only be asked after all necessary in-
formation have been discussed in the video. Please approx-
imate an ideal time based on the timestamps embedded in
the video transcript (VTT / SRT format) to the best of your
ability. If appropriate, you may also use the original ques-
tion time ({m_question.minute}:{m_question.second}).

+ On the second line, write down the question stem of this
multiple choice.

+ On each subsequent line, write down one concise option for
this multiple choice. Append each of the following segments
together (with one whitespace in between) on one single
line:
– First, indicate whether this option is correct or not. Use
"(t)" for correct and "(f)" for incorrect (without quotation
marks).

– Next, enclose the content of this option in square brackets
"[...]" (without quotation marks).

– Lastly, enclose the student feedback for this option in
curly brackets "{...}" (without quotation marks). You should
explain why exactly this option is right or wrong in no
more than 30 words. Remember to keep your wording
accessible for all levels of understanding.

– It is up to you to decide how many options and correct
options you need, but the total number of options must
not exceed 4.

Your lesson plan requires you to follow the above rules strictly.
Do not include anything else.
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