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ABSTRACT

Diamond In The Sky is a play-through learning game grounded in a teacher-Al complementarity model rather than a self-contained
adaptive tutor model. Students travel through space science missions with Nova, face clear explanations and challenges, and get bounded
assistance by Al The game's prototype is built using React, TypeScript, Lovable, Supabase, and the OpenAI APL. It divides responsibilities
among all participants in the following way: the learner explores and refines, the Al gives hints and synthesizes evidence, while the teacher
keeps the objectives, contextual decision making, socialization, and overriding power. This paper links the design of the game to game-
based learning, storytelling, multimedia learning, scaffolding, motivation, Al in education, and human-Al interaction; discusses drawbacks
of these theories; and offers an evaluation method that separates usability and learning from testing the teacher-Al complementarity
hypothesis. No classroom nor usability tests have been done yet, and thus the contribution lies in the prototype, the theoretical framework,

and research agenda.
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1 INTRODUCTION

The learning system using Al can be used to personalize content; however, personalization might lead to a loss of control
from teachers. However, Diamond In The Sky takes up a different approach. Here, the learners are responsible for
exploring, responding, revising and seeking assistance, while the Al offers bounded hints along with summarizing the
evidence of interaction and leaving all decision-making about what will be accepted, rejected or modified to teachers who
know the learning objectives and context.



2 LITERATURE REVIEW

It integrates elements from game-based and constructionist learning, multimedia learning, scaffolding, motivation, and
human-Al interaction. Game-based learning enables action and feedback provided that mechanics match instructional
objectives [1,2]. Multimedia learning facilitates motivation towards brief verbal-visual presentations [3]. Scaffolding
allows for gradual hints instead of instant solutions [4]. Human-Al research stresses augmentation, reviewability,
correctness, and human control [5,6]. Teacher-Al complementarity research serves as additional motivation for using Al
for the purpose of organizing evidence while teachers keep pedagogical discretion [7].

3 COMPLEMENTARITY MODEL

Complementarity is instantiated as a division of labor and not as a mere personalization. Al provides information and
suggestions and not instructions. Teacher conflict is considered as valuable information and not a system malfunction. A
successful claim about complementarity will be the case in which the performance of teacher+Al is better than that of each

element separately.
LEARNERthi AT ASSISTANT TEACHER
explore * answer  retry * ask bounded hints * summarize evidence goals  context * override

learner actions / evidence — reviewable support — pedagogical decision —

Figure 1. Teacher-Al complementarity: learner actions create evidence, Al offers limited support and synthesis, teacher keeps context-
related judgment and control.

4 SYSTEM DESIGN

A mission follows the cycle : Story — Learn — Challenge — Al-guided Scaffolding — Reflection/Reward — Next
Mission. The story establishes purpose, the concept screen provides science information, the challenge involves doing
something, and Al assistance should be limited and educational in nature as opposed to being solution oriented. React and
TypeScript power the front end, Lovable assists in development, Supabase handles user/mission/progress data, and the
OpenAl API enables guided prompts. The prototype works as expected; however, the advice provided by the Al has not
yet been tested by children and teachers.

5 SAFETY, LIMITATIONS, AND CI POTENTIAL

The main drawback of the current Al tool is the lack of user testing; thus, claims are made on the basis of design and
research potential rather than the actual learning outcomes. As far as the application of Al for children is concerned, it is
essential that the responses of the artificial intelligence be mission-focused, age-appropriate, sensitive to privacy issues,
and reviewable. In the future, teacher analytics should clearly differentiate between observation and inference (for instance,

making assumptions about misconceptions).

6 CONCLUSION

Diamond In The Sky exemplifies a playable STEM learning environment that uses Al in a bounded capacity as an assistant
in the process of learning. The presentation contribution is the prototype of the game along with the teacher-Al
complementarity model. The next research step is empirical testing to evaluate if this model improves support for learning
and teaching decisions.
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