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1. [bookmark: _Toc224044962]Introduction
Joint Projects in Higher Education Computing Courses within College Computing Courses are experiencing severe problems in attempting to set up a group meeting to work on a joint project for the course as part of their college computing course. The difficulties experienced by students in a college computing course in attempting to set up a group meeting are extreme.

A number of problems arise due to the inability of group members to hold meetings. This is due in part to communication failing to failing to meet project submission deadlines on a weekly basis, to failing to meet submission deadlines due to unequal workloads, and to failing to meet submission deadlines due to ineffective communication amongst group members. In order to solve these problems, this paper outlines a framework to analyze the problem, specify requirements for a system that will solve the problem, and to design an algorithm to solve the problem for scheduling of group meetings for students in a college computing course. The framework uses a model of students’ timetables, of hard constraints on the submission of work, and of the preferences of the students, and uses this model to identify optimal times for meetings of groups of students to hold group meetings to minimize conflicts in the group members’ timetables and to hold group members accountable for their share of the work.
2. [bookmark: _Toc224044963]Deconstruct the Problem
In dividing up the problem space into 4 core components that build on each other, we first ensured a very robust availability aggregation. Availability Aggregation: The various schedules (of lectures, work shifts, etc.) of individual members are to be aggregated. Slot Identification & Evaluation: Given a time slot, identify all slots for all group members and evaluate them based on group convenience. Workload & Task Allocation: Designing asynchronous tasks in order to continue to make progress where 100% synchronous attendance is not possible. Deadline & Reminder Tracking: Work out the agreement, remind each other of assigned slots, and complete required work before the weekly submission deadline for that week’s assignment.
2.1 [bookmark: _Toc224044964]MoSCoW Technique Requirement

Requirements Must Have Automated overlap matching across all group members' schedules. Integration of weekly project submission deadlines. Automated discard of meeting proposals that occur post-deadline. Asynchronous scheduling input capability (allowing members to submit recurring weekly commitments). Minimum quorum parameter setting (identifying viable slots when 100% attendance is mathematically impossible). Should Have Weighting of preference for remote/online meetings over in-person meetings (where physical co-location is not viable). Conflict resolution. Ranking of preferred time slots over acceptable ones. Reminders to members prior to sessions (automated). Could Have Calendar integration with external platforms (Google Calendar, Outlook, university LMS). Automated agenda generation based on remaining task milestones. Won't Have (Initial Scope) AI-driven dynamic shift negotiation with external employers. Campus room booking system integration. Constraints Temporal Constraints: All meetings will occur prior to the weekly project submission deadline. Resource/Schedule Constraints: Members have fixed non-negotiable commitments (e.g. lectures, fixed work shifts). Technical Constraints: Must run cross-platform without requiring paid third-party API dependencies or software licenses for students.


2.2 [bookmark: _Toc224044965]Variables Identification 
In order to solve a scheduling problem using an algorithm, all variables in the problem environment have to be mapped to appropriate data structures. The variables are divided into different domains in the following.
	Variables:
	Description:

	Student_List
	List of all  members assigned to the project group.



	Availability_Matrix
	Time blocks across 7 days broken into discrete intervals (e.g., 30-min slots), marked as 0 (Busy) or 1 (Free).

	Work_Shifts
	Fixed non-academic hours reserved for part-time jobs.

	Academic_Timetable

	Non-negotiable university contact hours/lectures.

	
Project_Deadline

	Hard cutoff point for the weekly task submission.

	Meeting_Duration

	Required length for the meeting (e.g., 60 mins).

	Optimal_Slot
	Calculated time block maximizing member attendance before Project_Deadline.






3. [bookmark: _Toc224044966]Proposed Solution

This system, Algorithmic Group Schedule Synthesizer and Task Synchronizer, is intended to deal with the scheduling of student work and the distribution of work loads. The proposed system is intended to function as a lightweight rule-based scheduler. It first creates a grid of student availability. Then by using an overlap detection algorithm, it creates optimal meeting time windows. Finally, it also supports asynchronous workflows for absent members.

Data Ingestion Phase: Users input their recurring Academic Timetable, varying Work Shifts, and Personal Commitments, which are stored in the system for the weekly Project Deadline and required Meeting Duration. Overlap Engine Phase: The system’s Overlap Engine scans the Matrix Grid Encoding of the input schedules of all users to locate continuous sequences of free slots (1s) prior to the users’ project Deadline. Workload Sync Phase: When a meeting is scheduled but cannot achieve 100% attendance, the system flags members in the Absentee List and, in an asynchronous task, applies the task allocation protocol to deal with the absence of members in the Absentee List.

3.1 [bookmark: _Toc224044967]Flowchart



3.2 [bookmark: _Toc224044968]Flowchart Explanation 

4. [bookmark: _Toc224044969]Reflection and Justification
1.1 Design and Decisions – Structured Solution for Group Scheduling
In solving the problem of a structured solution for student group scheduling a number of design decisions were developed through the problem deconstruction. The main problem is not finding free time for students in groups, but rather handling the schedule asymmetry. Most students in groups have part-time jobs and also attend university. As such they have varying timetables for work and for university. Some students are available at certain times of the day or week, while others are not. The structured solution addresses this problem.
A number of key decisions were made during the design phase of this solution.
Discretization via 30-Minute Time Blocks
Firstly, time was discretized in 30 minute blocks. Choosing 5-10 minute blocks created an unnecessarily large matrix for computation, which in turn would be extremely time intensive to process. On the other hand, choosing 1-2 hour blocks created unsuitable short time slots for possible meetings between a student’s lectures and work at a job, for example.
Bounded Hard-Deadline Cutoff
Secondly, the algorithm searched within a student’s Current_Time and his/her Project_Deadline for the best possible time for a meeting prior to the project’s submission.
Graduated Quorum Threshold ($Q$)
Lastly, situations in which 100% attendance is mathematically or practically impossible were handled by developing a fallback threshold of $Q$ in the worst possible case in order to allow a group of students to reach a compromise and continue to work as a group even when one or more of the group members are unable to attend a meeting at the same time.
4.1 [bookmark: _Toc224044970]Abstract thinking 
Removing details such as student names, employer names, a campus with a certain number of rooms, etc. helps abstracting a problem and representing it by a computational model. Once a problem has been abstracted in such a way that it represents the core of the problem as an abstract mathematical optimization problem, the solution obtained can be used for any number of students, for any course, for any calendar etc. to solve the basic human conflict.

4.2 [bookmark: _Toc224044971]Sub-dividing
1. Data Abstraction: Representing Time as Discrete Sets

1. Data Abstraction: Representing Time as Discrete Sets

Instead of modeling time as a continuous variable, time is abstracted as a finite set of discrete time slots of equal length. Logical Abstraction: Overlap Detection & Constraint Satisfaction

Using abstract data, a scheduling requirement for a meeting can be turned into a mathematical problem of an overlap detection problem or a constraint satisfaction problem. Generalizability & Reusability: Using abstract thinking, a solution to a problem can be generalized to other problems. This means that a solution for scheduling meetings of a single group of students for a project can be generalized to other groups of students, to corporate teams, and to distributed meetings of open-source developers. Domain Independence: The underlying binary matrix logic for binary matrices is independent of the domain of application. Scalability: The number of members in a meeting can be increased from N=3 to N=300 by simply increasing the column dimension of the corresponding time block matrix. Decoupling from Platforms: The logical model for scheduling meetings is independent of platforms. This means that a scheduling meeting problem can be solved using Python, Java, web app scripts, or database queries.
4.3 [bookmark: _Toc224044972]Justification of solution 
1.1 Justification of Proposed Solution

The Algorithmic Group Schedule Synthesizer and Task Synchronizer, hereinafter referred to as the Algorithm, was designed in order to tackle the basic problems of student group work. These problems were detailed in full length previously. Schedule asymmetry, delays in submission of work and unequal distribution of workload are the problems that the proposed Algorithm is able to address. The proposed Algorithm is detailed in the previous section. Here, in this section, a detailed justification for the choices made, in terms of the technical, algorithmic and operational aspects of the proposed design, is provided.
1. Binary Matrix Discretization over Continuous Time Modeling

Efficiency & Determinism: By turning this problem into a fast bitwise evaluation problem we can evaluate Availability_Matrix in a very fast way.

For the time step of the discretized schedule we selected 30 minutes instead of 2 hours. With 2 hour blocks of time we would not be able to capture occasional gaps between university lectures. On the other hand, 5 minute time steps would create large data structures that we would not need to solve the problem of scheduling a group of students.

2. Bounded Temporal Search Space (Project_Deadline Integration)

Late Submissions are Eliminated: As late Submissions for the project are eliminated in the design of the algorithm to search for a suitable slot for the group to meet to develop a plan and complete work to be a bound for the search, the late Submissions for the project are eliminated in the design of the algorithm.

Targeted Scheduling: To complete all necessary meetings and achieve all milestones in time for the project’s submission date the proposed solution ensures that all work to meet these goals is completed prior to the project’s submission date.

3. Graduated Quorum Fallback Threshold (Q)

Total Scheduling Paralysis: Although highly committed members are part of the group, each member has a lot of part-time work. Furthermore, most members have conflicting timetables, thus achieving a 100% synchronous overlap (Score=N) is mathematically impossible to achieve.

Operational Continuity: This algorithmic rule will allow the best available meeting time for the group’s upcoming meeting, thereby ensuring project momentum is not lost.

4. Integrated Asynchronous Equity Protocol

Fair Workload Balancing: The scenario identified earlier that described jobs that members had to attend to during the day would typically require the rest of the group members to hold the meeting without that member or reschedule for another time. However, as shown in Figure 7, it is also possible to hold the meeting as an asynchronous work session in which members complete and deliver their corresponding portion of the work as structured deliverables within a pre-specified time frame. Such a framework would thus establish a functional equivalence between synchronous meeting attendance and asynchronous work session deliverables.
Synchronous Meeting Attendance≡Asynchronous Workload Deliverable

Accountability Tracking: The list of Absentees (Absentee_List) can be assigned with corresponding structured deliverables (e.g. writing documentation, reviewing meeting minutes, writing test cases for code) that they are required to complete. This ensures that free-riding is not enabled and that no individual will be able to complete an unfair portion of the work.
4.4 [bookmark: _Toc224044973]Limitation
1.1 Limitations of Proposed Solution

There are several limitations within the current scope of the proposed Algorithmic Group Schedule Synthesizer, even though all major issues of schedule overlap, of temporal constraints, and of distribution of workloads have been effectively addressed within the proposed algorithm.
1. Dependence on Static & Truthful User Inputs

The student group members input their schedules into the system. Input accuracy is a critical issue for the proposed solution. In order to identify free time slots, the Algorithmic Group Schedule Synthesizer relies on complete, honest and accurate schedule information input by students. The information input by students is part of the input data to the proposed solution. Thus, if group members underreport time which they are committed to, or fail to update their employment rosters dynamically (for example, as part of a last minute shift swap with work), then such information will form part of the input data to the proposed solution and lead to false-positive identification of free time slots.

Rigidity of Time Discretization & Buffer Constraints. Transition & Travel Time Overhead between events/activities within a schedule. The 30 minute time period of the interval discretization model will typically exceed the amount of time required to transition between events (i.e., travel between a workplace and home and then between home and a meeting location). This is to account for the unknown travel time of the individuals in the group.

2. Rigidity of Time Discretization & Buffer Constraints

Transition and Travel Time Overhead: The above scheduling algorithm represents time in discrete intervals. As a result, instantaneous transition from one activity to another is assumed. Therefore, the above scheduling algorithm does not take into consideration the member’s travel time to and from remote sites. In reality, a time slot that is considered to be free could end up being an unavailable time slot for a member who requires considerable time to travel to and from a meeting location from his/her workplace or from a campus site that is far from his/her workplace.

Cognitive Load & Fatigue: The binary availability (1=Free,0=Busy) for each student does not take into consideration the student’s fatigue level. This means that a student could be scheduled for an intense 60 minute project session immediately after an 8 hour late night work shift.

3. Complexity in Asynchronous Task Parity

All asynchronous deliverables that are assigned are assumed to be of equal effort and value to attendance at synchronous meetings. Therefore, all deliverables must be quantified to ensure that equal effort is placed on all deliverables to avoid any disputes among group members.

Dependency Deadlocks: These are situations where individual tasks assigned to group members are dependent on the completion of other individual tasks, and thus cannot be completed asynchronously.

4. System & Integration Boundaries

Lack of Direct Third-Party API Integration: In the initial scope of the system (as defined by the MoSCoW method) it does not contain any live, bidirectional integration with employer scheduling systems or university Learning Management Systems (LMS) to support manual input or scheduling uploads.

In many situations the worst-case scenario for a very constrained group of members would be that all members are unavailable. This means that in such situations the number of alternate members required to form a meeting would be equal to the difference between the total number of group members N and the quorum threshold Q, i.e., (N – Q). For example, in the case of a group of N=5 members with a quorum threshold (Q) of 2, the worst-case scenario would be that all 5 members are unavailable. In such situations a meeting could still be scheduled with the alternate members, but in the worst-case scenario of all meetings requiring to be held with the group would degrade to a number of recurring meetings with only a few members attending. Eventually such meetings would consist only of the alternate members and the group would disintegrate.
4.5 [bookmark: _Toc224044974]Assumption
1.1 Assumungen für das Algorithmic Model und das verhaltene System unter bestimmten Umungen des Umfelds, der Benutzung und der technischen Einschränkung. 1. Benutzung und Datenqualität. Ehrliche und zeitgereife Einschätzung. Der jeweilige Studierende tritt für die Scheduling-Routine im Vorfeld mit der aktuellsten Information über seine Vorlesungen, Termine bei seinem Arbeitsplatz, seinen anderen Verpflichtungen auf. 2. Rhythmus und Logik von Schedule. Static Weekly Schedules. Studierende’s Timetables (Schedules) for Academic courses and for part-time work are assumed to be stable for a 7-day project cycle. Thus a static weekly availability model for each student can be used. 30-Minute time-step for Model. 30-Minute time-step for Model. A time-step of 30 minutes (T = 30 mins) is assumed to be sufficient for a model to capture meeting opportunities while keeping the number of computations within a reasonable bound. Binary Availability State. Binary Availability State. Each student is assumed to be either completely available (1) or completely unavailable (0) for a given time slot. 3. Academic and Project Environment. Project’s Deadlines as Hard Cutoffs. Project’s deadlines as specified by the course coordinator are assumed to be hard, i.e. non-negotiable, and to form fixed, temporal boundaries (Project_Deadline) for the project that cannot be changed. Asynchronous Equity is Accepted by All Group Members. Asynchronous Equity is Accepted by All Group Members. All group members accept the asynchronous nature of their tasks as well as the fact that synchronous participation in meetings and asynchronous completion of tasks are considered to be of equal value to the system in terms of overall project contribution. 4. Technical Environment. Access to Devices and to Internet. Access to Devices and to Internet. Students use basic internet-connected devices (e.g. smartphones, laptops, desktops) to input their schedules as well as to view scheduled time slots. All schedule inputs, all computations as well as all timestamps for system output are assumed to be within a single, standardized time zone (e.g. local campus time).
5. [bookmark: _Toc224044975]Conclusion
1. Conclusion

College students in a computing curriculum often have group meetings for group projects. These meetings can be problematic due to students’ very asymmetrical schedules, their part-time jobs, and strict deadlines for their classes.

By employing abstract thinking, computational problem deconstruction, and prioritization techniques in particular, we transform the open-ended problem of coordinating group meetings to a deterministic algorithmic framework. Time, in particular, is modeled as a discrete binary matrix. Hence, we are able to determine, prior to project submission, the search space of possible. In addition, by employing graduated quorum thresholds, we determine optimal meeting times. An asynchronous equity protocol for equity among group members is described in detail elsewhere. Finally, in order to guarantee that equity is in fact implemented, the system structures the tasks to be completed by each group member such that non-attending members are held fully accountable for their contribution to the project.

Several constraints were assumed in this work, including input constraints, travel time constraints, and a static scheduling assumption. Despite these constraints, our solution provides a fair, transparent, and scalable framework for group meetings and ensures that group cohesion is maintained and equal academic contribution is enforced by all group members.
[bookmark: _Toc224044976]References
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