
Conceptual investigation
• Determined direct and indirect human values that can impact 

the design of human-centered AI intelligent tutoring system 
(HAI-ITS) prototype (Friedman et al.,2006; Cheng & 
Fleischmann, 2010). Direct value examples: Ownership, 
Privacy, Universal Usability, Trust, Autonomy, Accomplishment

• Investigated various AI ethics frameworks and selected AI for 
Social Good (AI4SG; Floridi et al., 2020) framework as 
conceptual framework for its practical applicability.

• Analyzed AI-student interaction scenarios (Seo, 2021; Holstein 
et al., 2019; Conani et al., 2019) and identified 20 scenarios 
that can be reference to the design process

Technical investigation
• By analyzing human-centered AI design provided by Apple, 

Google, and Microsoft. classified 9 human-centered AI design 
techniques that can be applied to the design of student-
centered ITS. Example: Add explanations in readily 
comprehensible language in context of personalized learning 
(Google, Apple). Reveal context as to where explanations are 
provided, explain why question is given at the moment (MS). 

• By conducting interviews with a developer and a data scientist, 
ensured the prototype’s technical feasibility.
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AI-based intelligent tutoring systems (ITS) are being 
integrated into education at an accelerating pace, but 
ethical challenges of privacy, bias, and discrimination 
arise. To address these challenges, empirical research 
applying human-centered AI design techniques such as 
explainable AI (XAI) and human-in-the-loop features is 
critical. XAI promotes transparency and trust, while the 
human-in-the-loop feature increases user control and 
personalization. However, empirical studies of these 
features in education are rare. Through an interdisciplinary 
approach to learning science, HAI, and AI ethics, this 
study aims to design and measure the impact of a human-
centered AI intelligent tutoring system (HAI-ITS) prototype. 
In community college developmental math course context, 
the study intends to provide instructional design 
implications for planning ITSs with human-centered AI 
design elements while addressing trust and agency issues 
of AI integration and self-efficacy and metacognition.

Based on a value-sensitive design approach, what is 
the design of ITS that incorporates AI ethics, human-
centered AI, and human–AI hybrid adaptivity?
1. What are the core human values that are addressed in 
the HAI-ITS prototype design process?
2. What results from the conceptual, empirical, and 
technical investigations?.
3. How can the investigation results be reflected in the 
prototype design?

Conceptual Framework      Methodological Framework

As a follow-up study, the prototype is currently being 
implemented and tested with community college 
students taking developmental math courses. The study 
aims to answer research question on “How do HAI 
features (human-in-loop & explainable AI) in the ITS 
prototype impact students’ perceptions of their learner 
agency, metacognition, self-efficacy, usability of ITS, and 
trust in ITS?”

The preliminary findings from 70 participants showed: 
• Human-in-the-loop feature to receive additional help 

while learning was a significant predictor of Learner 
Agency (p < .01), Metacognition (p < .01), Self-
efficacy (p < .01), Usability (p < .01), and Trust (p < 
.01).

• Explainable AI feature was a significant predictor of 
Usability (p < .01).

• Human-in-the-loop feature to control privacy was a 
significant predictor of Usability (p < .01).

• In terms of individual differences, technology self-
efficacy was a significant predictor of Trust (p < .05), 
Metacognition (p < .05).

The study is continuously collecting data in Spring 2023 
and the final result will be updated accordingly.

Integration of findings from Conceptual, Technical and Empirical investigation to prototype design

Prototype examples 
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Conceptual Investigation 
• Analysis of AI ethics,

human-centered AI design 
theories, and AI-student 
interaction scenarios

Technical Investigation 
• Analysis of human-AI 

interaction guidelines from 
industry

• Interviews with a developer 
and data scientist

Empirical Investigation 
• Focus group/ individual 

interviews, Zoom 30m-1h
• Direct Stakeholders: 7 

Community College 
Students, 5  Instructors

• Indirect stakeholders: 1 AI 
ethics researcher, 1 UX 
designer, 1 instructional 
designer

Empirical investigation
• Identified student and instructor pain points and user needs 

in relation to explainable AI and human-in-the-loop features 
while interacting with AI-based intelligent tutoring systems 

• Pain points: 14 instructor and student common, 5 student-
specific, and 4 instructor-specific. Examples:
Common: assessment interpretation/ clarity     
Student: lacking concept connection
Instructor: trust building for AI, communicate learning science

• User needs: 7 Human-in-the-loop, 4 Explainable AI related 
needs identified. Examples:
XAI1: setting up student expectations for AI’s functionalities
XAI2: capacity to make connections between concepts
Human-in-the-loop 1: capacity to confirm understanding         
Human-in-the-loop 2: communicating struggle situations

• Revealed 9 Value Tensions impacting the design of 
prototype. Example: Transparency vs Trust - Mixed feelings 
among students and instructors about disclosing the 
confidence level of AI-based learning system. Some see 
value in sharing AI's imperfections as it can improve trust, 
while others feel that educational software should be 
accurate before it's used.                              

Introduction XAI - Helping students understand 
how AI system works to benefit learning

XAI - Showing why & how the 
questions were presented

Human in the Loop -
Instructors think external help is cheating and harms AI 

accuracy. Encouraging students to disclose external help 
can prevent cheating, improve AI's accuracy, and provide 

personalized learning support.

Human in the Loop –
Bring to data-ownership issues in 

edtech to students’ attention and allow 
students to have better control over 

their privacy.

Human in the Loop -
By communicating students’ confidence 

over mastery, AI can provide better 
personalized learning path
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