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Figure 1: Illustration of a teacher creating custom comments for robot-assisted learning activities utilizing verbal and non-verbal 
social supports using the PATHWiSE authoring tool (lef). A learning companion robot delivers the comments and non-verbal 
emotional displays created in PATHWiSE directly to students during reading sessions (right). 

ABSTRACT 
Social robots can enhance deeper learning through social processes 
by providing companionship during typically isolated learning ac-
tivities. Yet, there is limited exploration into the use of authoring 
tools for teachers to create and customize social robot-assisted 
lessons. To address this need, we present PATHWiSE, an author-
ing tool that utilizes teacher-in-the-loop AI-assisted verbal and 
non-verbal robot interaction design to customize RAL lessons to 
the needs and strengths of individual students and classrooms. We 
demonstrate the operation, AI-assist functions, and practical ap-
plications of the PATHWiSE UI. Our work underscores the need 
for developing tools for computing novices utilizing AI and RAL 
technologies. 

CCS CONCEPTS 
• Human-centered computing → Collaborative and social 
computing systems and tools; Human computer interaction 
(HCI). 
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1 INTRODUCTION 
Socially rich interactions have a signifcant impact on students’ 
learning experiences [2]. Typically, teachers and other students 
provide guidance and interaction with students to impart social 
cues and supports in a conventional classroom. To facilitate these 
interactions, teachers often draw on their expertise and experience 
to design learning materials and activities tailored to the class or, at 
times, individual students, that include unique social interactions 
that aid students in comprehending and mastering the topics deeply. 
However, learning activities such as homework, usually performed 
in isolation, often lack these kinds of personal and social interac-
tions [3]. Social robots can play a game-changing role in these types 
of scenarios by introducing social interactions to learning activi-
ties. These robots can deliver personalized study materials, making 
homework a highly enjoyable and socially interactive experience 
[1, 7]. However, creating these social RAL activities most often 
requires technical expertise that most teachers lack. To address this 
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challenge, we have developed PATHWiSE, an authoring tool for 
teachers to create and design personalized robot-assisted learning 
(RAL) support with no technical expertise needed. It allows teach-
ers to create custom lessons that can be instantly delivered via our 
learning companion robot system, utilizing the Misty II platform 
[5]. Each lesson includes custom comments, verbal and non-verbal 
supports, delivered by the robot. With PATHWiSE, teachers can 
create these comment supports from scratch, use one of several sug-
gested general comments, or generate AI-powered comments using 
our custom prompting system for GPT-enabled text and emotion 
generation. In this paper, we provide an overview of the design, 
technical implementation, and a demo describing PATHWiSE. 

1.1 STEMMates Reading Companion Robot 
In prior work, we developed a reading companion robot (Fig 1, 
L) designed to provide comments, verbal supports for learning, at 
key intervals in any reading. Robot comments were created man-
ually using a structured comment writing guide, that defned and 
illustrated how to write comments to support knowledge (e.g. pro-
viding summaries and supporting vocabulary) and interest (e.g. 
making personal and emotional connections) during reading [10]. 
We created a library of RAL reading activities as books with ro-
bot comments that utilize a trigger-action programming technique. 
Each book includes a JSON fle containing meta-information about 
the reading, such as reading level, length, topics, and a series of 
key-value pairs describing the location (trigger) and content (ac-
tion) of each comment. These key-value pairs provide information 
for the interaction that identifes when a robot should deliver a 
comment, what the content of the robot speech should be, and how 
the robot should deliver the speech including non-verbal emotional 
displays. With PATHWiSE, teachers can create reading activities 
with educational articles uploading the article and adding their 
own custom comments to the article. Articles can be read digitally, 
where students click comment bubbles placed at in the article to 
trigger comments, or as printed articles, with comment locations 
identifed by QR-type tags on the page. As readers progress through 
the article, they can provide verbal responses to the comments, in-
cluding answering comments posed as questions by the robot, that 
are automatically audio recorded and delivered to the teacher. 

2 DESIGNING THE AUTHORING TOOL 
To support teachers in creating their own custom RAL activities, 
we co-designed PATHWiSE with teachers as a tool with a simple 
interface that integrates into their existing workfows [8]. Our co-
design of PATHWiSE was done through several iterative rounds of 
design interviews, co-design sessions, and focus groups with teach-
ers to incorporate their needs, workfow, and pedagogical goals and 
perspectives into the authoring tool to create robot-assisted social 
learning content for independent educational activities. 

The design process consisted of multiple co-design sessions with 
13 middle school science teachers, most including recurring teach-
ers in multiple sessions. The frst sessions allowed teachers to dis-
cuss their current work fow [4] with researchers to identify places 
where RAL activities might help and how a tool for RAL might be 
utilized. We then had teachers work in focus group pairs using an 
online collaborative tool, Miro, to apply custom and pre-made UI 

elements to shape the look, feel, and operability of a future teacher 
tool. Based on these fndings we created a wireframe of an initial UI 
to illustrate the design ideas and solicit feedback from the teachers. 
Finally, we conducted two rounds of user testing with a prototype, 
where teachers created several comments for science articles using 
PATHWiSE. Input from the each round was used to revise the UI to 
incorporate teacher suggestions, specifcally providing automated 
comment suggestions. Additionally, we solicited several rounds 
of feedback from students about the types of comments teachers 
created, their experience reading these assignments, and the design 
of the robot interactions. Our fnal prototype presented here demon-
strates an application of several design guidelines that manifested 
from this iterative co-design work. Our design guidelines included: 

• Allow teachers to annotate their own content rather than 
grapple with unfamiliar new materials. 

• Allow teachers to provide guidance for students using social 
cues and local context similar to classroom interactions. 

• Present the UI as an intuitive, simple-to-learn interface that 
is not excessively feature rich. 

• Allow optional automation with teacher-in-the-loop access 
to suggested and AI-assisted content creation. 

3 PROTOTYPING PATHWISE 
3.1 Frontend 
The PATHWiSE prototype is designed with a straightforward three-
column UI layout, specifcally tailored for teachers to seamlessly 
perform CRUD (Create, Read, Update, Delete) operations [6]. The 
left column enables Create operations through Quick Comments 
and Existing Comments. The middle column serves as a canvas 
for adding, deleting, moving, and visualizing comments within 
the reading content, and the right column is dedicated to Update 
operations, such as editing comment texts, attaching and updating 
emotions to the comments, playing previews, and saving. 

Teachers begin by uploading a PDF of a reading for class that is 
displayed in the center canvas (Fig 1). Teachers create custom robot 
comments for articles adding any text they wish by dragging and 
dropping comment bubbles from the left column onto the center 
canvas area in three ways: 

• Create Your Own comments, where teachers write the 
entire comment from scratch (Fig 1, C), 

• General Suggested comments, from a list of pre-written 
suggested comments that can be generally applied to support 
reading comprehension and interest (Fig 1, D), and 

• AI-Generated comments, where GPT creates custom sug-
gested comments based on selected article text (Fig 1, E). 

General Suggested and AI-Generated comments are developed 
using comment writing guidelines from prior work (Section 1.1) 
in four categories: Summary, Vocabulary Support, Personal Con-
nection, and Emotional Connection. Teachers can flter the type of 
suggested or auto-generated comment displayed using a drop down 
list. General Suggested and Create Your Own comment options are 
always displayed. AI-Generated comments are added to the left 
panel (See Section 3.2) when a teacher highlights a section of text 
in the article (Fig 1, A) and clicks the generate icon (Fig 1, B). To 
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add comments, teachers drop comment bubbles on the canvas at 
the line of the reading the robot should say the comment (Fig 1, F). 

Comments dropped on the canvas are displayed as a small com-
ment bubble, annotated with a unique numeric identifer (ID), that 
acts as an anchor to select, move, duplicate, or delete individual 
comments. Selecting a comment bubble enables the editing panel 
on the right column, where teachers edit the text (Fig 1, G) and 
preview audio (Fig 1, H) of each comment. After each comment is 
completed (i.e. the teacher selects outside of the text editing bubble), 
each comment is automatically assigned a non-verbal emotional 
display that is generated using a separate GPT prompt (See Section 
3.2) to select an appropriate emotional annotation (Fig 1, I and J). 
Teachers can edit the emotions manually from a dropdown (Fig 1, 
I) and preview the display of the emotion on an image of the robot 
(Fig 1, J). The speech and emotion previews help teachers get a 
realistic feeling of how an actual robot would deliver the speech to 
the students. Reading activities are fnalized with a click of the Save 
button (Fig 1, K) from the top right corner of the UI to publish the 
materials. Each reading activity is added as JSON fle of a book in 
the STEMMates library and students are now able to read each RAL 
activity where the STEMMates robot will play audio recordings 
of comment text and display comment emotions (Fig 1, L) as the 
student progresses through the reading. 

3.2 Backend 
To support automated suggestions for the comment text and emo-
tions, we use a FastAPI Python server as a middle layer between the 
front-end and the GPT-4 [11], a large-scale transformer language 
model pre-trained on billions of text examples created by OpenAI. 
We send an API request to OpenAI that incorporates the teacher 
highlighted text from the article into a GPT prompt, based on our 
robot comment writing guide (See Section 1.1). This way, each 
AI-generated comment is designed according to the pedagogical 
standards from our writing guide [10] and applied to specifc text 
in the article. The accuracy and applicability of the AI-generated 
prompts were evaluated by a team of learning scientists, computer 
scientists, teachers, and psychologists, with multiple rounds of re-
visions and edits to calibrate the quality of the outputs. We run 
four parallel API requests, for efciency, to create a summary, vo-
cabulary personal connection and emotional connection comment 
each time a teacher highlights text and clicks the generate icon. 
The outputs of the GPT-4 request are then displayed as suggested 
comments on the left sidebar of the UI (Fig 1, E). 

During student feedback session on the robot interactions, stu-
dents emphasized a need to always include emotions with every 
comment. To support this need, we created an emotion classifer 
based on in-context learning [9] using GPT-4. Each comment added 
to the canvas is output as part of an API request that includes train-
ing instructions as a prompt to classify the text into an emotional 
category. The prompt instructions include 103 sample book com-
ments from our prior work that are annotated with human-labeled 
emotional classifcations based on one of eight main emotion cate-
gories in Plutchik’s wheel, (i.e., anger, anticipation, disgust, fear, joy, 
sadness, surprise, and trust). The prompt instructions utilize the 
text completion feature of the GPT-4 language model to append one 
of these eight emotion classifcations onto the text of each comment. 

The accuracy and applicability of each emotion classifcation was 
tested using an additional 66 human-labeled comments, reserved 
as a test set. We found that our classifer correctly assigns the same 
categorical label as the human-labeler 62% of the time. 

4 DESCRIPTION OF THE DEMONSTRATION 
We will demonstrate a proof-of-concept for how teachers can use 
a UI tool imbued with AI-assisted supports, to create custom RAL 
activities. A supplemental reading with the robot interaction video 
will be presented, and visitors can use PATHWiSE to create robot 
comments for middle school science reading activities, to: 

(1) create and edit robot comments using the Create Your Own, 
Suggested General Comments, and AI-Generated comments. 

(2) add their own and AI-Generated emotions/nonverbal actions 
to accompany each comment. 

(3) read with our learning companion robot as it enacts the 
comments they just created for the reading activity. 

5 CONCLUSION 
We believe that social supports are critical to enhance learning 
experiences that otherwise take place in isolation. In this paper, 
we present an authoring tool that empowers teachers to customize 
robot-assisted learning activities with social interactions personal-
ized to their classrooms. Our approach to supporting professionals 
such as teachers with an authoring tool for designing custom robot 
interactions can be applied in other felds and showcases a hybrid 
human-in-the-loop approach to AI-assisted work. The accompany-
ing demo ofers a hands-on experience with PATHWiSE to craft 
personalized, robot-assisted social supports. 
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