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ABSTRACT 
Intelligent tutors create personalized learning experiences 
for students by providing timely and relevant feedback. 
They offer a solution for scaling tutoring while still 
providing one-on-one support. Currently, commercial AI-
based adaptive learning products do not integrate natural 
language processing, nor do they consider the effect of 
feedback on student learning or students’ motivational 
needs. In this paper we present CURI, a voice-based 
intelligent tutor that helps middle school students learn and 
apply pre-algebra concepts. Users interact with CURI by 
solving math problems presented by the AI-tutor, each with 
a varied mode of narration and type of feedback. We 
describe the approach we used to design and test CURI, 
and share the key findings from testing the voice-based 
intelligent tutor with five middle school students. Our 
findings provide insight into how voice-based intelligent 
tutors can impact motivation and metacognition, yet 
require greater personalization and complementary video-
based instruction to improve its performance. 
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INTRODUCTION  
AI-based adaptive learning systems have the potential to 
improve classical classroom instruction by increasing 
students’ performance, efficiency, and engagement. The 
most effective supported learning system includes 
interactive and non-interactive features. This [2] study 
mentioned that one-on-one human tutoring is a highly 
effective interactive form of instruction. Their study also 
mentions that an AI-based interactive learning 
environment that mimics human tutors providing learning 

support based on individual students’ needs and goals is 
expected to be highly beneficial. This is because interactive 
forms of instruction that provide timely feedback are 
critical to keeping students on track and helping them 
become better learners through more direct forms of 
instructions [2]. Providing timely feedback on errors and 
supporting requests have increased efficiency and 
engagement. However, another research demonstrated that 
there still exist discrepancies between human and Al-based 
tutoring systems in their granular feedback and the ability 
to target relevant and frequent responses to students [11]. 
Moreover, students' emotions are an important factor that 
can impact their performance and learning, it is considered 
another space for AI-based tutoring systems to improve on 
[1].  
 
In light of this, our research informs a non-profit that is 
developing AI-based adapted learning systems for STEM 
education for underprivileged middle schoolers. Their 
current need is to advance the existing web-based 
intelligent tutor by integrating AWS/Polly voice 
recognition. We investigated the feasibility of voice 
recognition system as personalized tutoring service and 
evaluated the possible effectiveness of voice-based 
tutoring system. Based on the gaps and possibilities found 
in previous research, we wondered how designing a voice-
based tutoring system that offered effective feedback, 
might close the performance gap between human and 
computer tutors, offer effective feedback, and motivate 
students to learn math. 
 
Problem Definition 

Our research aims to understand how designing a voice-
based tutoring system might close the equity gap for 
accessing human tutors by providing an AI-tutor. 
Traditionally, current online learning platforms offer 
video-based lessons; however, these lessons are limited in 
interactivity with the learners. Thus, we believe that AI 
tutors can enhance learning by providing personalized 



 

feedback, detecting and adapting to student responses, 
which could empower a feeling of an AI tutor’s presence 
and motivational support among middle school students 
(Grade 7-9, 12-15 years old).  

We designed and created an AI-tutor named CURI to 
have two primary tone-based narrative styles: 
motivational and standard, as well as five types of 
instructional feedback: knowledge of result, knowledge of 
correct result, answer until correct, instruction-based 
elaboration, and extra-instructional elaboration. 
 
Through a user testing session that employs CURI, we 
explore the following three research questions:  
RQ1: What is the impact of an AI-tutor’s narrative styles 
(standard vs motivational) on middle schoolers’ math 
self-efficacy and metacognition? Which style do they find 
more effective? 
H1.1. Middle school students will find the AI-tutor’s 
motivational narrative style the most effective towards 
their math self-efficacy and/or metacognition. 
H1.2. Middle school students will find the AI-tutor’s 
standard narrative style the most effective towards their 
math self-efficacy and/or metacognition. 
 
RQ2: What is the impact of an AI-tutor’s types of 
feedback (knowledge of result, knowledge of correct 
result, answer until correct, instruction-based elaboration, 
extra-instructional elaboration, and delayed response) on 
middle schoolers’ math self-efficacy and metacognition? 
Which style do they find more effective? 
H2.1. Middle school students will find the answer until 
correct feedback type the most effective towards their 
math self-efficacy and/or metacognition. 
H2.2. Middle school students will find the extra-
instructional elaboration feedback type the most effective 
towards their math self-efficacy and/or metacognition. 
H2.3. The delayed response feedback type will be 
effective for students who have a strong sense of math 
self-efficacy and/or metacognition. 
 
RQ3: What are the design techniques for setting features 
of an AI-tutor? 
 
RQ3-1: What types of AI-tutor personas (teacher, coach, 
friend, chatbot) do middle school students prefer? 
H3.1. Middle school students will prefer the friend AI-
tutor persona due to the informal and supportive nature of 
tutoring in an informal, home-like setting. 
 
RQ3-2: What types of images (decorative, content, AI-
tutor) do middle school students find helpful when 
presented with an AI-tutor? 
H3.2.1. Decorative images will be helpful for middle 
school students to visualize and connect the problem to 
the real world. 

H3.2.2. Content images will be the most helpful for 
middle school students to reference and see for middle 
school students when solving math problems. 
H3.2.3. An image of the AI-tutor will be helpful for 
middle school students to associate the voice to an entity. 
 

BACKGROUND AND RELATED WORK  
 
Intelligent Tutoring Systems 
Benefits of Intelligent Tutoring Systems 
This [10] study showed that the intelligent tutoring system 
increased students’ performance based on model tracing 
cognitive model. The program provided timely feedback 
on errors and help on request, resulting in increased 
efficiency and engagement. The study implications can 
extend to our study in that Alexa can support voice-assisted 
supports in providing hints and feedback in a timely 
manner to increase student engagement and efficiency in 
learning. A more recent research showed how 
conversational agents can increase engagement for young 
learners through relationship building with virtual 
character, an AI-based agent [14]. Though it did not show 
significant results, the study attempted to integrate natural 
language processing to better represent and assess students' 
knowledge acquisition.   

Limitations of Intelligent Tutoring Systems 
Many intelligent tutors rely on task-specific inputs, such as 
a multiple choice answer or the solution to a math equation 
[11]. When interacting with tutors, students follow “on-
path actions” if they answer correctly, or “off-path actions” 
if they answer incorrectly. Students can also ask for help 
and the tutor has to then redirect the student to an 
“interpretable path,” meaning, can the tutor understand the 
students’ behavior and trace it to a sequence in the 
cognitive model on which it was trained [3]. If a student 
stays on-path, the model performs well. But once the 
student is off-path, the approach becomes much more 
technical and difficult to train. The combination of task-
specific inputs and number of interpretable paths requires 
“extensive hand-tuning” of the software [11].  

Additional limitations relate to help messages. One 
concern is students overusing hints and help messages, 
“and, as a consequence, learn little” [3]. Another concern 
is whether to present the entire message on one screen, or 
to offer a sequence of smaller messages. The later form, 
“successive hinting,” provides initial vague messages that 
become more specific and eventually tell the student 
“exactly what to do” [3]. 

Chatbot Tutoring 
Existing models of intelligent tutoring rely primarily on 
text-only chatbot integration. For example, QuizBot, the 
first chat-based learning system for factual knowledge 
memorization outside of classroom settings.  QuizBot [21] 
personified its tutor by giving it an avatar, a penguin named 
Frosty, whose persona is a friend designed to help the 



 

students learn. Users accessed QuizBot on their mobile 
phones, both Android and iPhone, and engaged with the 
app for at least 10 minutes a day over the course of the 
study. At the end of the study, users reported QuizBot as 
“more fun...and more effective” than a flashcard app, 
which was tested against QuizBot [21]. However, users’ 
preferences toward QuizBot and the flashcard app leveled 
when users were asked to rank short-answer and multiple-
choice exam preparation questions simply based on 
“effectiveness” [21]. Additionally, users spent more time 
using the chatbot app compared to the flashcard app. As a 
result, their recall performance improved [21]. Ultimately, 
the study found that there is a tradeoff between engagement 
and efficiency, suggesting chatbots may be more effective 
for students who are less motivated and are not constrained 
by time.  

Additional research on chatbot integration responds to 
issues related to social emotional learning. One example is 
Woebot, a chatbot designed to improve mental health in 
participants by helping users monitor mood and learn about 
themselves. Woebot relies on cognitive behavioral therapy, 
but it is a care-giving chatbot, not a care-receiving chatbot. 
To that end, research presents the question “Not what can 
technology do for us, but what can we do for technology?” 
Vincent, a chatbot for self-compassion, is a research study 
focused on whether a user can provide care for a chatbot--
i.e., the chatbot asks the user for advice--and if that user’s 
self compassion is enhanced. Self compassion can bring 
about well-being and chatbots can be a vehicle for that 
improvement. When comparing users self-compassion 
scores before and after two weeks of interaction with a 
care-giving (CG) version of Vincent and a care-receiving 
(CR) version of Vincent, “[care receiving] Vincent more 
effectively increased self-compassion than [care-giving] 
Vincent” and the effect was seen more for women than men 
[13]. Future research is needed to investigate how a 
chatbot’s use of emotional language influences its 
interactants, which is something our research proposes: 
whether emotional or factual statements are better received 
by students.  

Our research aims to demonstrate how voice chatbot 
integration enhances student engagement, efficiency, 
motivation, and social emotional learning. 

 
AWS Lex/Polly 
The non-profit organization for whom we are providing the 
consultation is planning to develop on AWS Lex and Polly 
platforms which are customizable versions of Alexa for 
individual websites. Specifically, AWS Lex is a service for 
building conversational interfaces into any application 
using voice and text. It applies advanced deep learning 
functionalities of automatic speech recognition (ASR) for 
converting speech to text, and natural language 
understanding (NLU) to recognize the intent of the text. 
AWS Polly is a service that turns text into lifelike speech, 

allowing developers to create applications that talk, and 
build entirely new categories of speech-enabled products. 
Polly’s Text-to-Speech (TTS) service uses advanced deep 
learning technologies to synthesize natural sounding 
human speech. Based on the assumption that the 
development will take place on Lex and Polly, we 
developed prototype experience on Voiceflow, a prototype 
platform for conversational apps.  

 
Understanding the Domain of Middle School  
Math Education in Middle School 
Research into understanding mathematics in the middle 
school years and whether students excel or struggle 
presents findings related to math lexicon, math recall, and 
context personalization. 

Math is a language with a large lexicon and words with 
math-related meanings and non-math-related meanings. 
For example, the math-related word square has two 
meanings: a shape with four equal sides, and also a term 
that means to multiply a factor by itself. Non-math-related 
meanings of square are a grassy park, a tool carpenters use, 
a boring person (“such a square”), or money that is paid off 
(“we’re squared away”). Proficiency in math language is 
one reason students excel or struggle in math--in any grade. 
Not only do the learning concepts increase in complexity 
through school years, but so does the lexicon. The language 
is a catch-22, though. Many maths teachers use the formal 
language of math, which students may struggle with, but 
the danger of using informal math language in order to 
make it accessible could hinder students’ ability to develop 
both a deeper math lexicon and conceptual understanding 
[19]. We propose the use of an AI tutor that uses both 
formal and informal math language. First, the formal 
language, and then the informal language upon a student’s 
second attempt or an ask for help. 

To excel in mathematics students need proficiency in 
“accurate and quick” recall of math facts, a skill many 
middle school students struggle with. “If students can 
quickly and automatically retrieve math facts...they will 
have more cognitive capacity to devote to higher-level 
problem-solving activities”  [4]. Proficiency in math recall 
increases as users spend more time using math, e.g. 
flashcards and “skill and drill” activities where students 
have to quickly state facts. This type of math learning could 
be made more exciting by use of an AI tutor that interacts 
with users.  

Finally, students who are math resistant and or struggle 
academically with math courses focus on the 
impersonalization of math and how it is unrelated to their 
life or current interests. This disinterest creates 
disengagement whereby the student cannot engage with the 
material. Carnegie Learning’s MATHia research on learner 
preferences in math allowed middle school students to 
tailor word problems to one of four domains: sports and 
fitness, money and business, arts and music, and 



 

environment and nature. Students were also allowed to 
enter names of their friends or classmates, and those names 
would appear in math problems. The study’s findings 
report that learners with strong preferences have improved 
outcomes, and that the greatest outcomes were shown 
“with respect to specifying names of characters” because 
“learners that set these names encounter more material 
while completing sections more efficiently (and with less 
assistance) in less time” [6]. Based on this information, we 
propose by allowing users to customize their AI tutor, 
students will have a more positive experience in the 
sessions and begin to approach math with less resistance.  

Metacognition and Self-Efficacy in the Middle School 
Research on metacognition suggests that many students 
have not mastered the skill of reflecting on their own 
understanding. But students who are metacognitively 
aware “are more strategic and perform better than unaware 
learners” [22]. Additional research they do not always 
know when to ask for help. If students are given the option 
to voluntarily ask the tutor for help, they might not do so. 
To aid in that development and encourage better 
performance, we agree that  “intelligent tutoring systems 
should support students in learning [metacognitive] skills” 
[2] and have designed our prototype to provide this 
support. 

Research on Bandura’s four theorized sources of self-
efficacy in middle school mathematics focus on mastery of 
experience, vicarious experiences, verbal persuasion, and 
physiological feedback. Mastery of experience can be 
obtained through knowledge, tools and strategies, and is 
more powerful when tasks are challenging. Vicarious 
experiences are social role models, essentially how a 
person can be influenced by social setting and observing 
the performance of others. Verbal persuasion includes 
feedback from caregivers and teachers, and positive and 
negative self-statements. Physiological feedback includes 
sensations from one’s body and how the perception of 
emotional arousal can influence self-efficacy. Research 
supports Bandura’s findings that “mastery experience is 
the most powerful source of self-efficacy and that the other 
three sources also influence” to a lesser extent [24]. To aid 
in the development of self-efficacy, our prototype is 
designed to encourage mastery of learning and verbal 
persuasion.  

Feedback  
Feedback delivery 
In order to design appropriate feedback, it is important to 
understand definitions of feedback: its form, delivery, and 
other relevant aspects. The first form of feedback is local 
vs global. Local feedback is provided in response to a task, 
when the student is completing the assignment. Goals of 
local feedback are reteaching instruction, and correcting 
errors in comprehension, providing hints and guidance 
[17]. Global feedback is provided independent of the task, 
before a unit or after the feedback. Goals of global 

feedback are targeting metacognition, and coaching “the 
entire learning process” [17].  

Feedback, either local or global, can come in many forms 
[17], with usage recommendations. For example: 

Knowledge of result (KR): indicates whether the answer is 
correct or incorrect. KR might work with strong students 
who would then not need further elaboration.  
 
Knowledge of correct result (KCR): provides the correct 
answer. KCR might work with struggling students and 
those with little prior knowledge. KCR provided 
immediately has proved to be counterproductive [2]. 
 
Answer until correct (AUC): prompts the student to keep 
trying until the correct answer is given. AUC might work 
for complicated tasks and for strong students who 
comprehend the material. 
 
Instruction-based elaboration (IBE): could include an 
explanation of the correct answer, correct an erroneous 
answer, or repeat the original instruction/lesson.  
 

Extra-instructional elaboration (EIE): could include 
strategic help, prompts for self-explanation, or prompts for 
summarizing. EIE might work with problem-solving and 
complicated tasks. 

Feedback timing 
The issue of when to provide feedback--immediately or 
after a delay--is an important design consideration of 
intelligent tutors. On the one hand, immediate feedback 
“minimize[s] floundering” which enables students to 
complete assignments quicker [15] and provides a positive 
experience for the student. Weak students benefit from 
immediate feedback more so than strong students, 
especially when offered positively and when an error 
occurred [17]. 
 
However, students could become dependent on the 
immediate feedback and it could lead students to “adopt an 
overly optimistic assessment of their level of 
comprehension” [15]. If the feedback is simply KCR and 
does not require the student to think or reason about their 
mistakes, then feedback might “not improve learning” 
[17]. This false reality presents the idea that learning is 
without struggle, which is not an idea that we want to 
reinforce.  
 
Feedback and intelligent tutoring 
“The most important function of feedback is to provide 
learners with formative or tutoring information on their 
current state of learning which will help them regulate their 
learning process successfully,” but providing feedback in 
tutoring systems is not a simple task; therefore many 
tutoring agents provide feedback in the form of knowledge 
of result (KR) or knowledge of correct result (KCR) [18]. 



 

A universal recommendation for the delivery, form, or 
timing of feedback is lacking and therefore the burden of 
implementation rests with instructional designers and 
researchers who must design a strategy based on three 
questions [18]:  

“What facets of competencies should the feedback help to 
improve?” 
 
“Given the selected functions, what external post-response 
information should the feedback provide?” 
 

“When and how should the selected feedback content be 
conveyed to the learner?” 

To help students regulate their learning, good feedback 
should meet the following principles. It should: empower 
the learner; help the learner internalize feedback to 
understand skills they have met and those they have not yet 
met; relate the level of performance to what the learner is 
aiming to achieve and also to the level the learner believes 
they have achieved; initiate reflection to close gaps 
between the current and aimed for level of performance; 
provide hints to students when they do not choose 
corrective actions; offer additional attempts to accomplish 
tasks; and elicit progress [18]. 

Market Analysis 
The initial competitor analysis showed that most of the 
commercial AI-based adaptive learning products in the 
market did not integrate voice-based tutoring systems, and 
none of them integrate both chatbot and voice. 
Furthermore, except for Khan Academy, all other products 
are for profit-based, creating an accessibility gap for 
underprivileged students. We did competitor analysis on 
over 10 existing AI-based adaptive  learning products. The 
market analysis is shown in Figure 1 below. 

 

 
Figure 1 Market analysis 

 The initial market research based on the non-profit’s 
internal survey research result showed that parents view 
online learning as an easy-to-access supplement to 
schooling. However, they find it lacks the key features of 
learning such as interactive and personalized feedback; 
distractions are viewed as the barriers to effective online 
learning experience as well. The implications from the 
survey showed the possible gap conversational agents can 
fill by providing interactive and personalized feedback, and 
keeping the students engaged throughout the learning 
process.  

 
PROTOTYPE DESIGN  
 
System Architecture 
We used Voiceflow, a conversational app prototyping tool, 
to design and create an AI-tutor named CURI. The overall 
interaction process between the student and voice-based 
tutoring system is illustrated in Figure 2. In the real-world 
deployment, Amazon Lex/Polly will be used to convert the 
text to speech rather than Voiceflow’s built-in parser and 
speech synthesizer used during the prototype stage as 
represented in the voice agent system architecture design.  
 
For a better understanding on how the prototype was 
designed in VoiceFlow prototyping tool, Figure 3 is 
provided as a sample for our design process of the 
prototype. 
 
For data management and evaluation of the fully developed 
system, we envisioned how the data should be controlled 
for protection of student privayc, data safety, and 
compliance with COPPA and FERPA student data 
protection law in a data card created for a lead developer 
and shown in Figure 4. 
 

 
Figure 2 Voice agent system architecture and flow 

 

 
Figure 3 Design process in VoiceFlow prototyping tool 



 

 

 
 

Figure 5 Voice agent with image on the left and chatbot on 
the right 

 
 
Prototype Design  
The cognitive theory of multimedia learning is based on 
three assumptions: there are two separate channels 
(auditory and visual) for processing information; there is 
limited channel capacity; and learning is an active process 
of filtering, selecting, organizing, and integrating 
information [16]. The ability to learn through multiple 
channels concurrently increases the chance of 
remembering knowledge in comparison to single-channel 
information [6]. To increase the effectiveness of AI-based 
learning, we integrated voice, text, and visuals to explain 
math concepts in the prototype as shown in Figure 5.  
 
Task Design  
To understand how the AI-tutor can be designed in terms 
of human-AI interaction, we created three different 
scenarios that employed a combination of two design 
components: styles of speech (See Table 1), and types of 
feedback (See Table 2).  
 

In each scenario, CURI explained a pre-algebra 
mathematical topic followed by a math question for the 
students. All math concepts and questions were provided at 
a similar level of difficulty. Based on the students' 
responses, CURI provides five types of instructional 
feedback: knowledge of result, knowledge of correct result, 
answer until correct, instruction-based elaboration, and 
extra-instructional elaboration.  
 
For instance, in task 1, CURI started with an explanation 
of the concept of the arithmetic mean through voice along 
with text and images in a motivational tone and voice. 
Then, CURI asked for confirmation questions on their 
understanding. If the student said yes, CURI provided a 
math question to help the student dive deeper into the topic. 
Otherwise, CURI provided additional explanations to help 
the students close their knowledge gaps. CURI could detect 
correct and wrong answers given to the math questions and 
provided the students with accuracy immediately 
(Knowledge of result). When the student’s answer was 
correct, CURI praised the students and asked them to 
explain how they could find the solution (Extra-
instructional elaboration). When the student’s answer was 
wrong, CURI encouraged them to have additional attempts 
to find the correct answer (Answer until correct). If the 
student was not successful in the following attempts, CURI 
provided further instruction like showing the math formula 
as a hint to scaffold them to find the correct answer. 
Finally, if the student could not solve the problem, CURI 
provided the correct answer and encouraged the student to 
go through the lesson again with a fresh mind.  
 
Following the prototype stage of the design process, we 
evaluated the design of the AI-tutor through a usability test 
conducted with five middle school students. The usability 
testing process and results are described in the following 
sections. 

Figure 4 Developer data card 



 

 

 

METHODS 
 
Participants  
The research was conducted online April-May 2021 with 
five middle school students who volunteered to participate 
under parental consent. Given the circumstance of COVID-
19, the research was conducted via Zoom and all sessions 
were conducted individually for approximately 45 minute 
each. The convenience sampling based recruitment was 
done based on the researchers’ existing personal 
relationships with the parents. Table 3 shows the 
demographic information of the participants.  

 
Methods 
Prior to the usability testing, 
we conducted a demographic 
survey that included 
questions on math self-
efficacy, voice recognition 
system use experience, and 
non-human online tutor 
experience. Then, the 
moderator provided an ice-
breaker question on 
participants’ preference of 
AI-tutor characters: a 
friendly girlfriend, cool guy 
friend, AI Robot, 
motivational coach, 
professional math tutor, and 
friendly and warm-hearted 
teacher. The participants 
were asked to rank the top 
three AI-tutor characters and 
provide reasons. 
 
After the ice-breaker 
question, the participants 
were given 4 pre-algebra 
math tasks; each task 
included brief explanations 
on a math concept and a 
following exercise question. 
Task 1 to 3 served as 
treatment conditions with 
differing AI-tutor’s narrative 
styles and types of feedback; 
Task 4 served as a control 
condition where the students 
were given a video-based 
instruction (Khan Academy) 
followed by a math question 
provided on Google Quiz 
form. After completing all 
four tasks, the students took 
a post-experiment survey to 
provide feedback on the 

design features of the AI-tutor. An overview of research 
design is shown in Table 4.  
 
Data Collection  
We conducted pre-experiment and post-experiment 
surveys. Also, after each task, the students took a post-task 
survey. Lastly, we conducted a post-experiment interview 
for a holistic understanding of AI-tutor experience. All 
surveys were taken online using Qualtrics and Google 
Forms software. Students’ performances on each task were 
recorded and two researchers took observation notes for 
qualitative analysis. The interviews were conducted via 



 

Zoom with at least two researchers, one researcher as 
moderator and the second as note-taker. Detailed 
description of surveys and interview used in the experiment 
are shown below:  
 
Measurement 1: Pre-experiment survey (8 questions) 
The survey consisted of 7 questions on demographics, 
previous math learning experiences, self-efficacy (3 
questions) and an ice-breaker question on preference on 
AI-tutor avatars (1 question). The 3 self-efficacy scale-
based questions were created based on [24] math self-
efficacy scale and the other questions were created by the 
researchers based on research needs. Modeling [14] 
method we informally evaluated each participant’s 
familiarity with voice assistants such as Siri and Alexa. 

 
Measurement 2: Post-task survey (3-4 questions) 
The survey included 4 questions on AI-tutor usability 
experience. The survey included 5 questions on math self-
efficacy created based on [24] math self-efficacy scale.  
The survey included 4 questions on metacognition created 
based on [22] Metacognitive 
Awareness scale. 
The survey included 1 question on 
the delayed feedback feature of the 
AI-tutor. The question was created by 
the researchers based on research 
needs. 

 
Measurement 3: Post-experiment 
survey (4 questions) 
The survey included 10 questions on 
the design features of the AI-tutor. 
The question was created by the 
researchers based on research needs. 

 
Measurement 4: Post-experiment 
interview (3 questions) 
The interview questions asked about 
the participants’ overall experience 
with the AI-tutor focusing on what 
they liked and disliked about it and 
the type of feedback and images that 
was helpful for them. 
 
Data Analysis 
With the test results, we conducted three 
types of analysis to understand the 
prototype’s effectiveness on (a) motivation, 
(b) metacognition, and (c) usability. 
 
Analysis 1. Understanding effectiveness on 
motivation  
Based on the math self-efficacy scale average 
collected on post-task survey responses, we 
conducted one-way Repeated Measures 
ANOVA and descriptive analysis. 

Furthermore, to understand the participants’ motivational 
moments qualitatively, we analyzed each task’s 
observation notes by color-coding them and creating 
affinity diagrams accordingly.  
 
Analysis 2. Understanding effectiveness on metacognition 
Based on the metacognition awareness scale average 
collected on  post-task survey responses, we conducted 
one-way Repeated Measures ANOVA and descriptive 
analysis. Furthermore, to understand the participants’ 
metacognitions qualitatively, we analyzed each task’s 
observation notes by color-coding them and creating 
affinity diagrams accordingly.  
  
Analysis 3. Understanding effectiveness on usability   
To understand desirable design components for an AI-
tutor system, we investigated qualitative and quantitative 
data from the surveys and post-test participant interview. 
We ran descriptive statistics for the post-experiment 
survey. For analyzing the post-experiment interview, we 
started with an open-coding process followed by color-

Figure 6 T2 qualitative findings 



 

coding and affinity diagrams of thematic elements from 
the participants’ remarks and our observations.  
 
RESULTS 
 
Impact on Motivation  
For analysis of impact on motivation, one-way repeated 
measures ANOVA but no statistically significant 
difference was found (F=0.48. p=0.70). This may be too 
small a sample size and large variance and skewed 
distribution between the students. In descriptive statistics, 
we found T1 to be slightly more effective on students’ 
motivation (see Table 5); however, this should be taken 
into account with caution as the difference is very small. 
 
In the qualitative analysis, we examined the user 
interaction observation data and came up with five main 
themes: metacognition, motivational moments including 
persistence and resistance to learning, learning process, 
CURI’s positive performance, and CURI’s negative 
performance. Motivational moments were observed in all 
four tasks and motivational moments, especially 
persistence to learning, were most salient in Task 1 (See 
Figure 7). As Task 1 included Answer Until Correct type 
of feedback, students were given the choice to take 
multiple attempts to find the answers to the question and 
all took multiple attempts when requested. None of the 
students gave up on finding the correct answers and reacted 
to the feedback CURI provided.   
 
 
 
 
Impact on Metacognition  
The metacognition measure did not show 
statistically significant results in one-way 
repeated measures ANOVA analysis 
(F=1.41. p=0.29). In descriptive statistics, 
however, we found that AI-tutor conditions 
had a larger impact on student 
metacognition in comparison to the control 
condition. Also, T2 had the strongest impact 
on students’ metacognition (see Table 7).  
 

The observation data analysis revealed that while 
metacognition was observed in all four tasks, it was more 
frequently observed in AI-tutor conditions (T1=28.1%, 
T2=34.6%, T3=29.2%) than video-based instruction 
(20%). In Task 2, students showed metacognition most 
frequently (see Figure 6) as they identified what they knew 
and did not know when faced with the math question. Also, 
two students attempted to fill in the knowledge gap by 
scrolling up to the explanations, showing how they were 
able to take control over their learning.  
 
 
 
Design Implications  
Modes of Narration 
In the interview, three participants identified they preferred 
the motivational narrative in comparison to standard 
narrative because they felt more positive and encouraged. 
Two participants favored standard narrative as they felt the 
motivational voice did not include emotions—sounding 
sarcastic—and felt stressed from encouragement. In 
quantitative data, the students found T2 which employed 
standard narration to be the most impactful in terms of 
metacognition. 
 
Types of Feedback 
In the interview, four participants identified instruction-
based elaboration (IBE) as the most effective type of 
feedback as it provided information on “what to do to get 
the correct answer” and guided them with a formula which 

Figure 7 T1 qualitative findings 



 

“makes it easier for 
students to solve 
problems.” In the 
experiment, IBE 
feedback was only 
included in Task 2 
which was the task that 
was revealed to be the 
most effective in terms 
of metacognition. 
Furthermore, in the 
post-experiment 
survey, students 
revealed that reflection 
time was helpful (M =4.4, SD=0.5). 
 
Usability Survey Results  
The post-task usability survey results were consistent with 
quantitative analysis. The students answered T1 to be the 
most motivating, T2 the easiest  to use and contained the 
easiest instruction, and the video-based instruction the 
most helpful. In the post-experiment survey, the 
participants rated overall experience of using CURI (see 
Table 7). The results revealed that students thought AI-
tutor was helpful in terms of pacing their learning progress 
(M = 4.4, SD=0.55), which is an important part of 
metacognitive knowledge in learning. Furthermore, 
students found explaining solutions (M = 4.4, SD=0.55) 
and providing feedback when they got questions wrong  (M 
= 3.8, SD=1.79) to be impactful. The students' responses 
varied to features such as providing guidance to questions 
(SD=1.82), feedback (SD=1.79), and encouraging 
messages (SD=1.48).  
 
Preferred Supporting Images 
We provided different types of supporting images: CURI, 
explanation, question, and decorative. In the interview, the 
participant identified the explanation image to be the most 
helpful. One of the participants said “I’m a visual learner 
and the explanation shows how to solve the problem step 
by step.” 
 
Preferred AI-Tutor Character 
During the ice-breaker, we provided six different types of 
AI-Tutor characters to understand the participants’ 
preference. The participants preferred a friendly and warm-
hearted teacher’s character the most for her patient, kind, 
and friendly character. The second preference was AI robot 
characters as they assumed that an AI robot would be 
knowledgeable and simple. The third preference was a cool 
guy friend as they liked his attitude of “Let's just do math 
and get it over with."  
 
Positionality of AI-Tutor in Comparison to Video-based 
Instruction and Human Tutors 
As AI-Tutor is a novice learning intervention, we asked the 
students to compare their experiences with video-based 

and human tutor instructions. In the 5-point likert scale 
usability survey, the participants rated 2.8 (SD = 1.30) for 
its similarity with human tutor and 3.4 (SD = 1.14) for 
whether they learned better compared to video-based 
instruction. Furthermore, in the interviews, the participants' 
responses revealed contrasting pros and cons for the three 
types of tutors. The pros of AI-tutor were the opportunity 
to ask questions and interact, as well as the feedback based 
on progress. Interestingly, users identified these as cons in 
video-based instruction. The interactive feature of AI-tutor 
was consistent with human-tutor’s benefits (see blue text in 
Table 8). On the other hand, what was found to be a con of 
AI-tutor (the limitations of speech recognition) was found 
to be a pro in video-based instruction (see red text in Table 
8). Students thought the human explanation was easy and 
clear to understand. From this analysis, we found AI-tutor 
and video-based instruction to be a complementary 
learning support instead of a replacement for one another. 
 
DISCUSSION 
 
Positioning of AI-tutor: Complementarity of video-
based instruction and AI-tutor 
The findings from the study revealed that the video-based 
instruction and CURI experience were providing 
complementary benefits to each other rather than providing 
similar benefits, working as a replacement. From the 
student interviews, we found that when paired with CURI, 
video-based instruction could strengthen the impact of 
metacognition and learning through interactiveness of an 
AI-tutor. The results also suggest that while AI-tutor can 
impact students’ metacognition, video-based instruction 
can provide easier and clearer explanations on math 
concepts through human voices. When compared to AI-
tutor, human tutors could provide both interactiveness and 
clear explanations; however, human tutors include 
accessibility limitations. Thus, we suggest that the 
complementary design of AI-tutor and video-based 
instruction could create the most effective, efficient, and 
equitable online learning experience. Scaffolding and 
voice-based conversational agents in online videos has 
been experimented by [25] and has shown improvements 
in meaningful learning outcomes to an extent. Research in 



 

this area is, however, insufficient and novice. Thus, we aim 
to expand investigation on how AI-tutor and video-based 
instruction could be best used together in detail.  
 
Redesigning of the Prototype 
Strengthening AI-tutor’s Impact on Metacognition 
This study findings revealed that the current prototype had 
an impact on students’ metacognition to an extent and 
indicated a few design features that had an impact. We 
found that when an AI-tutor provided learning experience 
with reflection time and instruction-based elaboration 
(IBE) feedback, students showed improved metacognition 
of their learning and positive disposition on CURI. This is 
consistent with the design features students indicated to be 
effective: AI-tutor respecting learning pace and progress 
and explained solutions to problems. Additionally, the 
study revealed that providing motivational narrative was 
effective to an extent; however, this implication requires 
further investigation as two out of five students preferred 
standard speech and Task 2 incorporating standard speech 
showed the highest impact in metacognition of learning. 
Due to the limited sample size, we are not able to provide 
a decision on motivational or standard narrative with this 
current pilot study. Furthermore, we found that the AI-tutor 
could expand its effectiveness when it is accompanied by 
step-by-step explanation images. Also, students preferring 
friendly and warm-hearted teachers as AI-tutor’s character 
implied that they wanted patient, kind, and friendly support 
in learning. As mentioned in one of the participant's 
interviews, we found a potential in AI-tutor’s “non-
judgemental” support in learning intricate subjects like 
math. The design features proven to be effective in this 
current study is consistent with [12] study on how natural 
language processing based robots can serve as learning 
companions for young children helping them to learn 
language. CURI’s impact on metacognition shown in this 
study implies its future role as a learning companion rather 
than a tutor or teacher.  
 
Personalization of AI-tutor 
As learning is an individual activity that differs based on 
each student’s capacity, learning styles, and preferences, 
AI-based adaptive and personalized learning have been 
investigated as future education directions. This study 
showed high variance between the participants in learning 
motivation, metacognition, and perception of AI-tutor’s 
design, which led us to explore the potential of providing 
personalized AI-tutor in future versions. 
 
We believed that the variance was closely related to an 
individual student’s confidence level, mathematical ability, 
and learning preference. In order to meet the varying needs 
and provide truly personalized learning, we think user 
control over AI configuration setting might be a solution. 
For example, allowing users to control the speech rate, 
tone, and pause time for understanding and reflection 
between utterances. Timing of feedback is something users 

could control within suggested parameters of the software, 
for example, users could choose either immediate, after one 
minute, after two minutes, or at the end of the session. An 
additional configuration setting that may be beneficial is 
AI’s involvement level during a study session, or the 
frequency of intervention. For example, the user may 
decide if the AI-tutor is intervening too much during a 
session by offering too much unnecessary help or 
motivational statements and control for that in future 
sessions. Users could also choose their personalized AI-
tutor persona, i.e., a friend vs coach vs teacher. Depending 
on this selection, the tone, language and imagery of the AI-
tutor would be altered accordingly.  
 
The potential risk of redesigning the prototype is null to the 
user, and the benefit would enhance the usability of the 
tutor. The redesign would require additional research and a 
larger sample size to determine if the design changes 
present statistically significant results. Lastly, this 
opportunity for customization may also increase buy-in by 
students and therefore acceptance and adoption of the new 
technology. 
 
Limitations  
The primary limitation was the sample size. Due to Covid-
19 protocols, we were unable to gain access to a middle 
school campus where we had potential to run the testing 
with a larger number of students. We attempted to 
understand different treatment conditions’ impact on math 
self-efficacy and metacognition through one-way repeated 
measures ANOVA. However, we were unable to find 
statistically significant differences and we assume that this 
may be due to small sample size, large variance, and 
skewed distribution of the data between the students. 
 
A secondary limitation was the Voiceflow software. We 
were unable to allow for personalization within Voiceflow 
so subjects had the same persona and voice options. 
Voiceflow came with an option of voice models from 
which we could choose, but we could not create our own 
model. We were also limited to the type of responses that 
Voiceflow would recognize. For example, the math 
equation that was solved for mean had to equal a whole 
number, 45, instead of 45.23 or else Voiceflow would not 
recognize the decimal responses. 

A tertiary limitation was the age of our users. Due to 
limited attention spans of our participants, we had to 
restrict our research questions and hypotheses to not tax 
their mental stamina. 

Further Studies 
A redesigned prototype would allow testing of additional 
or personalized AI-tutor settings. Future research could 
study the ideal amount of AI-tutor’s intervention on 
learning, i.e read questions out loud, provide feedback, 
provide encouragement. It could also study how much 



 

intervention is appropriate and not overwhelming to the 
learners. There are additional voice-settings to test, i.e., 
varied tone, pitch, and cadence. While not directly tested in 
this research study, future research could also examine the 
limitations and opportunities of other voice models other 
than AWS Lex. 
 
CONCLUSION  
Our research aimed to understand how designing a voice-
based tutoring system can offer a more interactive learning 
experience. We believe that AI tutors can enhance learning 
by providing personalized feedback, detecting and 
adapting to student responses, which could empower a 
feeling of an AI tutor’s presence and metacognitive support 
among middle school students (grades 7-9, 11-15 years 
old). A redesign of the existing prototype and additional 
user testing with a larger sample size would provide more 
quantitative and qualitative data to support our finding that 
a complimentary design of AI-tutor and video-based 
instruction could create the most effective, efficient, and 
equitable online learning experience. This would increase 
students’ motivation and metacognition, which allows 
them to be successful at math. 
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APPENDIX A: PRE-TEST QUESTIONS 

Hello, we are a team of researchers from UT Austin. We 
are trying to understand how AI-tutor help middle school 
students learn math. Please answer the following 
questions based on your background and experience.  
 
1. What grade level are you in? 

Response type: Multiple choice 
a. Grade 6 
b. Grade 7 
c. Grade 8 

 
2. What is your age? 

Response type: Short answer open-ended 
 
3. Please rate the following statement(s) on a scale 
from 1 - 5, with 1 being strongly disagree and 5 being 
strongly agree. 

a. I make excellent grades on math tests. 
b. I do well on math assignments. 
c. Even when I study very hard, I do 

poorly in math. 
 

Response type: Linear scale 
1. Strongly disagree 
2. Disagree 
3. Neutral 
4. Agree 
5. Strongly agree 

 
4. Have you ever interacted with voice recognition 
systems such as Alexa or Siri? An example of an 
interaction is saying, “Alexa, play me a song.” 
 

Response type: Multiple choice 
d. Yes 
e. No 
f. Not sure 

 
5. Have you ever interacted with a non-human online 
tutor (i.e. AI, chatbot)? 
 

Multiple choice: 
1. Yes 
2. No 
3. Not sure 

 

If yes, describe what that experience was like. 
What did you like and/or dislike about the 
experience? 

 
Response type: Short answer open-ended 
Minimum word count: 50  

 
6. Have you ever used a personalized learning system 
that tailors according to your learning progress (e.g. 
iStation, ALEKS, Cognii, Prodigy, IXL, etc.)? 
 

Response type: Multiple choice 
g. Yes 
h. No 
i. Not sure 

 
If yes, How much did you like using the 
personalized learning system? 

 
 Response type: Linear scale 

1. Dislike a great deal 
2. Dislike somewhat  
3. Neither like or dislike 
4. Like somewhat  
5. Like a great deal 

 
7. During the online learning period in 2020, describe 
how frequently stable your internet connection was at 
your house? 

Response type: Multiple choice 
j. Always stable  
k. Usually stable 
l. About half the time 
m. Seldom stable 
n. Never stable 

 

APPENDIX B: MODERATOR SCRIPT 
 
Moderators: 

1. Grace Ko 
2. Gen Marconette 
3. Kaci Nguyen 
4. Roza Atarod 

 
 
Overview: 

● 5 participants 
 
Session Schedule: 

● Introduction – 2 minutes 



 

● Ice Breaker – 3 minutes 
● Tasks – 20-25 minutes 
● Retrospective Interview – 10 minutes 
● Total – 35-40 minutes	

 
Post-task user surveys: 

1. Task 1: https://forms.gle/S8qUxZre8g9DXtmV7	
2. Task 2: 

https://forms.gle/Ccc6gC1RWUqgeK4k8	
3. Task 3: https://forms.gle/UxmSHnDbtT8tffyF9	
4. Task 4 (Control): 

https://forms.gle/wy5dheKdN6iNgbyc8	
 
Post-test survey: https://forms.gle/sB93mUoWmejSjooF8 
 

1. Introduction Script (5 min.) 
 
Hello ____, my name is ____. I’m a researcher from The 
University of Texas at Austin and we are working on an 
AI voice-based tutor. Thank you so much for your 
participation in our study. We’re excited to hear what 
your thoughts are. 
 
 
In the next 40 min, we have two primary activities:  

● Part I: We want you to complete four tasks with 
an AI-tutor named CURI. After each task, we 
will ask that you complete a short survey about 
your experience. Your responses will help us 
understand what works well and what doesn't so 
that we can improve the design.	

● Part II: In completion of the tasks, we will ask 
that you complete an additional survey 
regarding your overall experience with CURI. 
Your responses will help us understand what 
works well and what doesn't so that we can 
improve the AI tutor design.	

 
Before we get started, I'd like to point out a few important 
things: 

1. We are not obtaining any personal information 
from you. We just want to know your thoughts on 
CURI, the AI-Tutor.	

2. Please be as candid as possible, both positive 
and negative. We aim on creating the best AI-
Tutor program.So don’t worry about hurting my 
feelings with any of your feedback.	

3. Today we will be working with a prototype of an 
application. Prototype is an initial model of 
application which is not complete and flexible to 
changes. Nothing is set in this application, so 
your opinion on your user experience in any 
perspective will be valuable to us. 	

4. We will be providing today’s experience on 
Voiceflow, which is a chatbot prototype of the 

application. It would not have all the functions, 
but you will still be able to interact with it to an 
extent and experience the overall flow of the 
application. 	

5. Also, this is a completely voluntary activity. You 
do not have to answer any questions that you do 
not want to and can stop at any time. 	

6. The session will be video and audio recorded to 
facilitate data analysis and reporting. We want 
to assure you that all recordings will only be 
used for internal purposes. You are also free to 
turn off your camera.	

 
Do you have any questions before we begin? Would it be 
okay to start recording?  
 
 
[START RECORDING] 

2. Context / Ice Breaker Questions (5-6 min.) 
 
[PROVIDE VISUAL AID] 
 
Slides: 
https://docs.google.com/presentation/d/1_DVGd7PTV86d
kVDyi0QARKqoS1QddgEunnXZZ6cTMr8/edit?usp=sha
ring 
 
On the following slides you will be introduced to six 
different tutors. You will see their pictures and a brief bio 
description. 
 
Let’s get to know about the tutor together. (Moderator 
will read out for the kids fast)  
 
Would you like more time? 
 
Who would you like as your tutor? Rank your top three 
preferences as your math tutor and share why you made 
that choice. 
 
Rank order: 

1. Nia 
2. The Dude 
3. Bot 
4. Coach Taylor 
5. Mr. Leikam 
6. Ms. Berry 

 
Moderator notes: 
 

Miro board: 
 https://miro.com/app/board/o9J_lJKwQfk=/ 



 

3. Task Session (24 min) 
 
*** REMEMBER TO SHARE SCREEN *** 
 
As a reminder, today we will be working with a prototype 
of an application. A prototype is a preliminary model of 
application which is not complete and flexible to changes. 
Nothing is set in this application, so your opinion on your 
user experience in any perspective will be valuable to us.  
 
[OPEN VOICEFLOW and SHARE REMOTE 
CONTROL] 
 
Let’s begin with a practice task. Tasks are not timed, so 
you can take as much or little time as you need. I have 
provided you with remote control over this meeting, you 
will be able to use your mouse on my screen. Let’s 
practice interacting with an AI-Tutor before we begin the 
tasks.   
 
[Unclick the chips and tell the users to hit the 
microphone before they speak for the first time.]  
 
When prompted, you may respond by typing your answer 
in the chat or using the microphone to say your answer 
out loud. You will need to hold the space bar while you 
speak. AI-Tutor is not very smart yet! So try to give 
him/her simple answers like “Yes” instead of “I think I 
am ready.” 
 
You are free to use a calculator and use a pen and paper 
to help you think.  
 
Do you have any questions so far? 
 
Okay, let’s begin. 

Task 1: Calculate the mean (6 min.) 
 
Prototype link: 
https://creator.voiceflow.com/prototype/60705bc1eff4210
0078b8dc4 
 
User Goal: 
Complete the tasks shown on the screen and provide user 
feedback by completing the Task 1 survey. 
 
Background and Requirement: 
 
This is CURI, an AI-Tutor that will guide you through a 
set of math problems. Let’s begin with task 1. 
 
Practice Task: 
https://creator.voiceflow.com/project/607c5f2d979b5d000
7cb3ac1/prototype 
 

Do you have any questions? 
 
Please go ahead and begin. 
 
Moderator notes: 
 

Miro board: https://miro.com/app/board/o9J_lJKwQfk=/ 

 
Post-task Survey: 
I will now be sending you a link to the post-task survey 
following each task. 
 
Here is the survey for task 1. 
 
[SEND SURVEY LINK] 
 
Post-task survey: 
https://forms.gle/S8qUxZre8g9DXtmV7 

Task 2: Find the median (6 min.) 
 
Prototype link:  
https://creator.voiceflow.com/prototype/606e0063049bb1
001bad29ae 
 
User Goal: 
Complete the tasks shown on the screen. 
 
I will now be showing you Task 2. Please complete the 
tasks shown on the screen. 
 
Moderator notes: 
 

Miro board moderator notes: 
 https://miro.com/app/board/o9J_lJKwQfk=/ 

 
Post-task Survey: 
I will now be sending you a link to the post-task survey. 
As a reminder, you will be completing a survey similar to 
this after completing each task. I will be sending you a 
survey link in the chat following each task. 
 
Here is the survey for task 2. 
 
[SEND SURVEY LINK] 
 
 
Task 2 post-task survey: 
https://forms.gle/Ccc6gC1RWUqgeK4k8 
 
Task 3: Calculate the percentage (6 min.) 
 



 

Prototype link: 
https://creator.voiceflow.com/prototype/60706109eff4210
0078b8dc7 
 
User Goal: 
Complete the tasks shown on the screen. 
 
I will now be showing you Task 3. Please complete the 
tasks shown on the screen. 
 
Post-task Survey: 
I will now be sending you a link to the post-task survey. 
As a reminder, you will be completing a survey similar to 
this after completing each task. I will be sending you a 
survey link in the chat following each task. 
 
Here is the survey for task 3. 
 
[SEND SURVEY LINK] 
 
Task 3 post-task survey: 
https://forms.gle/UxmSHnDbtT8tffyF9 
 
Task 4: Calculate the probability (6 min.) 
 
Task form (Control): 
https://forms.gle/WYwQ6nN2Jk4bqyPd9 
 
User Goal: 
Complete the tasks shown on the screen. 
 
I will now be sending you a link to Task 4. Please answer 
the questions shown on the screen.  
 
[SEND TEST FORM LINK] 
 
Post-task Survey: 
I will now be sending you a link to the post-task survey in 
the chat. Here is the survey for task 4. 
 
[SEND SURVEY LINK] 
 
Task 4 post-task survey: 
https://forms.gle/wy5dheKdN6iNgbyc8 

4. Post-test Interview (10 min) 
 

And that’s the final task finished! 
 
Part 1. Survey 
I will now be sending you a survey to complete following 
the test. Please be as candid as possible, both positive and 
negative. Your responses will help us understand what 
works well and what doesn't so that we can improve the 
design. 
 

[SEND SURVEY LINK] 
 
Post-test survey: 
https://forms.gle/NpP7gwqh3D7Ysiq3A 
 
 
Part 2. Interview 
 
Interview screens: 
https://docs.google.com/presentation/d/1fNjnjdfwbej_
w7A8KMdRJwO3P6BQ-xXW-
ik7HUnVxk4/edit?usp=sharing 
 
 
[SHARE INTERVIEW SCREEN SLIDES] 
 
I'd like to ask you a few questions about your experience 
with using CURI, the AI-Tutor, more in-depth.  
 
 
1. Describe your experience interacting with CURI. 

What did you like about interacting with an AI-
tutor? [Prompts. Feedback, types, images]	

[Possible Follow-up] 
Can you compare the experience with video-
based (Task 4) experience?  
Can you compare the experience with a human 
tutor?  

 
 

Miro board moderator notes:  
https://miro.com/app/board/o9J_lJKwQfk=/ 

 
 
2. Describe your experience interacting with CURI. 

What did you dislike about interacting with an AI-
tutor? [Prompts. Feedback, types, modes]	

[Possible Follow-up] 
Can you compare the experience with video-
based (Task 4) experience?  
Can you compare the experience with human 
tutor?  

 
 

Miro board moderator notes: 
 https://miro.com/app/board/o9J_lJKwQfk=/ 

 
 
3. Recall the following responses from CURI. Which 

feedback did you find more effective? 
 
Provide image or text quotes to support answer: 
 
“That’s correct! Amazing job, I knew you could do it! 
Now, let’s go solve questions!” 



 

“You are correct. You can move on to the questions.” 
 

Miro board moderator notes: 
 https://miro.com/app/board/o9J_lJKwQfk=/ 

 
4. [Add additional questions based on observations 

during the test session.] 
 

Miro board moderator notes: 
 https://miro.com/app/board/o9J_lJKwQfk=/ 

 
 
5. Closing (2 min) 
 
Thank you very much for sharing your thoughts. These 
are all my questions for today. Is there anything you’d 
like to add before we finish up? 
 
Fantastic. Well, thank you again for taking the time out of 
your day to take part in this study with us. Your input 
today will be extremely useful for us. Take care, have a 
great day! Goodbye! 
	
 
APPENDIX C: ICE-BREAKER QUESTION 
 
1. (Provide Visual-aid) Let’s say you get stuck on a 
math question. Who would you typically ask for help 
from? Rank the following sources of help in order of 
preference with 1 being the source you would seek 
help from first. 
 

Response type: Rank order 
1. Teacher 
2. Coach 
3. Friend 
4. Parent 
5. Internet source such as Google 
6. I would figure it out myself. 

 
APPENDIX D: POST-TASK QUESTIONS (TASK 1, TASK 
2, TASK 3)  
 

1. Based on your Task X experience, please rate the 
following statement(s) on a scale from 1 - 5, with 1 
being strongly disagree and 5 being strongly 
agreed. 
 

[Task X, provide example screen - include 
narrative style & type of feedback] 

 
a. CURI was helpful for completing Task X. 
b. CURI was motivating for completing Task 

X. 
c. CURI was easy to use for completing Task 

X. 
d. CURI’s instructions were easy to 

understand for completing Task X. 
 

Response type: Matrix table 
1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 

 
2. Based on your Task X experience, please rate the 

following statement(s) on a scale from 1 - 5, with 1 
being strongly disagree and 5 being strongly 
agreed. 

a. I imagine myself working through 
challenging math problems successfully 
with the CURI. 

b. When I see how CURI solves a problem, I 
can picture myself solving the problem in 
the same way. 

c. With CURI, I can do well on even the most 
difficult math assignments. 

d. I feel that CURI likes to work with me in 
math because it thinks I can do well at it. 

e. Even with the CURI’s support, I think my 
mind will go blank and I will be unable to 
think clearly when doing math work. 

 
 Response type: Linear scale 

1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 

 
3. Based on your Task X experience, please rate the 

following statement(s) on a scale from 1 - 5, with 1 
being strongly disagree and 5 being strongly 
agreed. 

a. CURI will help me pace and have enough 
time while learning. (P) 

b. CURI will help me understand my math 
strengths and weaknesses. (DK) 

c. CURI helps me stay focused. (IMS) 
d. I can ask CURI for help when I do not 

understand something. (DS) 
 
 Response type: Linear scale 

1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 

 
 

4. (Only applied to session 1) When the AI-tutor gave 
you time to think before providing the solutions, 
how helpful was it?  

 
Response type: Linear scale 



 

1. Extremely unhelpful 
2. Unhelpful 
3. Neither unhelpful nor helpful 
4. Helpful 
5. Extremely helpful 

Post-task questions (Task 4)  

1. Based on your Task 4 experience, please rate the following 
statement(s) on a scale from 1 - 5, with 1 being strongly 
disagree and 5 being strongly agreed. 
 

a. Video-based instruction was helpful. 
b. Video-based instruction was motivating. 
c. Video-based instruction was easy to use. 
d. Video-based instruction was easy to 

understand. 
 

Response type: Matrix table 
6. Strongly disagree 
7. Disagree 
8. Neither agree nor disagree 
9. Agree 
10. Strongly agree 

 
2. Based on your Task 4 experience, please rate the following 
statement(s) on a scale from 1 - 5, with 1 being strongly 
disagree and 5 being strongly agreed. 

a. I imagine myself working through 
challenging math problems successfully 
with the video-based instruction. 

b. When I see how the instructor in the video-
based lesson solves a problem, I can picture 
myself solving the problem in the same way. 

c. With video-based instruction, I can do well 
on even the most difficult math assignments. 

d. I feel that the instructor in the video-based 
lesson likes to work with me in math 
because he thinks I can do well at it. 

e. Even with the video-based instruction’s 
support, I think my mind will go blank and I 
will be unable to think clearly when doing 
math work. 

 
 Response type: Linear scale 

6. Strongly disagree 
7. Disagree 
8. Neither agree nor disagree 
9. Agree 
10. Strongly agree 

 
3. Based on your Task 4 experience, please rate the following 
statement(s) on a scale from 1 - 5, with 1 being strongly 
disagree and 5 being strongly agreed. 

a. Video-based instruction will help me pace 
and have enough time while learning. (P) 

b. Video-based instruction will help me 
understand my math strengths and 
weaknesses. (DK) 

c. Video-based instruction helps me stay 
focused. (IMS) 

d. I can ask the instructor in the video-based 
lesson for help when I do not understand 

something. (DS) 
 
 Response type: Linear scale 

6. Strongly disagree 
7. Disagree 
8. Neither agree nor disagree 
9. Agree 
10. Strongly agree 

Post-experiment survey questions 

 
1. Please rate the following statement(s) about your 

interactions with CURI, the AI-tutor, on a scale 
from 1 - 5, with 1 being strongly disagree and 5 
being strongly agree. 

a. I liked it when CURI read the questions out-
loud for me.  

b. I liked how CURI provided feedback when I 
got a question wrong. (e.g. Uh-oh, that's not 
quite right. Don't forget to divide at the end.) 

c. I liked it when CURI guided me with 
questions on math concepts or problem 
solutions. (e.g. Can you explain what 
“mean” is?, Did you remember to divide?) 

d. I liked it when CURI was respectful of my 
learning pace and progress. (e.g. Are you 
ready to solve problems? Is this concept 
clear to you?) 

e. I liked it when CURI explained solutions to 
me. (e.g. The solution to this problem begins 
with writing the formula for mean.) 

f. I liked it when the CURI gave me 
encouraging messages. 

 
Response type: Linear scale 
1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 

 
 

2. Please rate the following statement(s) about your 
interactions with CURI, the AI-tutor, on a scale 
from 1 - 5, with 1 being strongly disagree and 5 
being strongly agree. 

a. I felt CURI was similar to a human teacher. 
b. I felt I learned better with CURI compared 

to the video-based lesson. 
 

Response type: Linear scale 
1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 

 
3. In reference to the above question, please explain 

why. 
 

Response type: Open-ended text response 
 



 

 
4. Select three words from this list that you would use 

to describe CURI. 
  
 

APPENDIX E: POST-EXPERIMENT INTERVIEW 
QUESTIONS 

 
1. Describe your experience interacting with 

CURI. What did you like about interacting 
with an AI-tutor? [narrative style, feedback 
types, design features] 
 

2. Describe your experience interacting with 
CURI. What did you dislike about interacting 
with an AI-tutor? [narrative style, feedback 
types, design features] 

 
3. Recall the following responses from CURI. 

Which feedback did you find more effective? 
Provide image or text quotes to support answer: 
1. That’s correct! Amazing job, I knew 
you could do it! Now, let’s go solve questions! 
2. You are correct. You can move on to 
the questions. 
 
** Narrative A = Motivational

 
** Narrative B = Standard 
 

4. Describe your experience with the video-
based lesson. What did you like/dislike about 
it? 

 
Links of tasks 

Task 1: 
 https://creator.voiceflow.com/prototype/60705bc1eff42100078b8dc4 

Task 2: 
 https://creator.voiceflow.com/prototype/606e0063049bb1001bad29ae 

Task 3: 

 https://creator.voiceflow.com/prototype/60706109eff42100078b8dc7 

Task 4: https://forms.gle/WYwQ6nN2Jk4bqyPd9 

 

 
 
 
 
 
 
 
 
 
 
Images used for CURI 

 
 

Image of CURI Decorative Image 

 
 

Formula image 

 

 

 
Formula Image Explanation Image 

1. Annoying (-) 
2. Distracting (-) 
3. Entertaining (+) 
4. Friendly (+) 
5. Fun (+) 
6. Personalized (+) 
7. Helpful (+) 
8. Engaging (+) 
9. Impersonal (-) 
10. Incomprehensible (-) 

11. Ineffective (-) 
12. Intimidating (-) 
13. Irrelevant (-) 
14. Motivating (+) 
15. Overwhelming (-) 
16. Stimulating (+) 
17. Responsive (+) 
18. Trustworthy (+) 
19. Unpredictable (-) 
20. Useful (+) 



 

 
 
 

 

Question Image  

 
 
 

APPENDIX F: AFFINITY DIAGRAM 
 
 
 

 
 

 

 
 


