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Abstract 

 In our case study, we are creating a linear problem that will create the master 

schedule for the mathematics department at Pacific High School. The schedule is being 

created to meet the students’ needs and to maximize teacher’s happiness.  We will take 

into account our returning teachers’ preferences of courses.  The schedule has to be 

created in the sole purpose that all eleven different courses for students of grades nine 

through twelve are met without exceeding limits on the number of unique course 

preparations and total number of courses taught. 

 

 



The Problem: 

 In our case study we have created the best suitable master schedule for our math 

department. Our goal is to maximize teachers’ happiness while satisfying students’ 

course needs. Our idea of teacher happiness is that every returning teacher gets to teach at 

least one of their course preferences. The teachers’ course request are not realistic to the 

students’ needs; since teachers demand to teach higher-level courses (anything about 

Algebra 1) is larger than the students’ needs for higher-level courses. This linear program 

also allows us to cut down on hours spent creating the master schedule. There are three 

stakeholders that will appreciate this program. The first stakeholder is the school’s 

principal, who currently spends approximately three weeks creating the teaching 

assignments. The district officials are also stakeholders since they must ensure the 

schedule meets the state requirements.  Lastly, the teachers are our most important 

stakeholders since they teach 175 days out of the year; we want to keep them happy.   

 

Data Gathering: 

 We received all our data from the math coach at Pacific High School. The data 

was then put in to charts. All data is accurate and reliable. We also had to access the San 

Bernardino School District contract to make sure of restrictions such as teachers can only 

teach three courses and five sections.  The courses and the number of students enrolled in 

each course were given to us by the math coach at the school. To fill in the sections 

required for each course, we took the number of students in each course and divided it by 

24 to get the number of sections needed. Therefore, we need 88 sections of math courses. 

(see table 1) The reason for dividing by 24 is because of a SIG grant that the school has 



where teachers are only to have a maximum of 24 students in each section. The 

explanation for the SIG grant will be in the constraints section of this paper. To figure out 

how many teachers we need we took the number of courses and divided it by 5. We need 

17.6 teachers we cannot have .6 of a person so we need 18 teachers.  We only have 15 

teachers.  Therefore, we need to hire three additional teachers. (see table 2) 

 

(Table 1)   

We have 2001 students and need a total of 88 sections. 

 

Total Students Total Class 

Sections 

2001 88 

 

Formulating Model: 

To be able to formulate a model we made two simplifications. One was to make 

all courses such as honors geometry and college prep geometry the same value. The 

second is that we made algebra foundations only one section. 

 

Courses Alg1 CAHSEE 

Math Spt. 

Alg. 

Foundation 

Geometry Int. 

Math 

Alg. 2 AP 

Stats 

Trig AP Cal Ad 

Alg. 

Alg.  

Sup. 

Students 365 32 94 608 114 378 40 210 39 19 102 

Sections 16 2 4 26 5 16 2 9 2 1 5 Total 

88 



We have defined the following variables and Parameters: 

i= Teachers 

Teachers: i1, i2, i3, i4, … , i18. We have 18 teachers and labeled them with numbers. 

(Table 2) 

The following is a table with the teacher number and the teachers’ preference of courses. 

Teacher (room) teacher 

seniority 

Teacher Preference List 

Ryser (I9) i1 Geometry           & Algebra 2 

Garcia (I2) i2 Geometry           & Algebra 2 

Rodriguez (G7) i3 (Must teach AP Stats) 

AP Statistics         & any other class except Geometry 

Slaton (G5) i4 Geometry 

Rocha (I6) i5 (Must teacher AP Calculus) 

AP Calc 

McGarrah (I3) i6 Algebra 1           & Geometry 

Lopez (I5) i7 Algebra 1           & Trigonometry  

Yi (I7) i8 Algebra 1           & Geometry  

Urena (G6) i9 All Algebra 1 

Shaffer (H7) i10 CAHSEE 

Del Rio (G8) i11 Geometry           & Algebra 2 

Guerrero (E6) i12 Algebra Foundations Block Class     & Algebra 2 

Gutierrez (H8) i13 Algebra 1           & Geometry 

Martinez (F3) i14 Integrated Math & Algebra 2 

Osuna (I8) i15 Algebra 1           & Algebra 2 

i16 New Hire Can teach anything to fit the master schedule 

i17 New Hire Can teach anything to fit the master schedule 

i18 New Hire Can teach anything to fit the master schedule 



j = Courses 

Courses: j1, j2, j3, j4, j5… j11. We have 11 courses and labeled them with numbers. 

j1 = Algebra 1     j6 = Algebra 2  

j2 = CAHSEE                 j7 = Algebra Support  

j3 = Algebra Foundation    j8 = AP Statistics  

j4 = Geometry     j9  = Trigonometry  

j5 = Integrated Math     j10= AP Calculus  

      j11= Advance Algebra  

 

X ij = the binary indicating teacher i has j course 

Yij = number sections of course j taught by teacher i 

Rij = teacher i’s ranking of course j. 

 

Objective function: 

Maximize the teachers’ happiness based on the fact that each teacher teaches at least one 

of their preferred courses. 

max!j Rij(Xij) 

  

In this proposal, we have multiple constraints:  

1. Teachers can only teach five sections a day. 

 : This indicates the addition of all courses (j) that a specific teacher 

(i) will be teaching. The sum of the courses cannot exceed 5 total courses due to 



the district contract. This calculation has to be followed by all teachers in the case 

study and the San Bernardino School District. 

Reason for this constraint:  

Section 5 of teacher contract--Conference or Preparation Periods.  

Each regular secondary school shall develop a master schedule that includes a 

daily preparation conference period for each classroom teacher. Secondary 

schools that have implemented block scheduling shall develop a master schedule 

that includes for each classroom teacher at least as much conference/preparation 

time per week as he/she would have received from a traditional master schedule 

that includes a daily conference/preparation period. 

 

2. Teachers can only teach three different courses due to district contract. The 

following constraint will allow for this to happen: 

.     The sum of all subject courses (j) can be less than or equal to the 

total allowed subject courses.  There’s no teacher (i) allowed to exceed this 

constraint. 

Reason for this constraint:  

Section 8 of teacher contract--Preparations.  

The District will attempt to assign no more than three (3) different preparations to 

secondary classroom teachers. A preparation shall be defined as a subject title. 

 

3. We have a teacher that is assigned to teach two sections of AP calculus, and 

another teacher that is assigned to teach two sections of AP statistics.  



 

This constraint indicates that two teachers (i3 and i5) have to meet their first 

choice in the wish list. Since they are the only ones certified by the District to 

teach the classes, they must teach the two classes being available due to the 

students’ needs. 

Reason for this constraint:  

Teachers’ i3 and i5 created the course and are given permission by San 

Bernardino Unified School District to be the only teacher to teach the course. 

 

4.  The demand for j course     Each course j needs  sections. 

From the incoming students in the new upcoming school year, there is specific 

number of courses required per subject. This function calculates the sum of all 

courses and must equal the exact amount of courses needed for the year. 

 

5.  Each teacher gets at least one preferred course.      The sum 

product of the binary indicator that teacher (i) has course (j) times the teacher’s (i) 

ranking of course (j) must be at least 1 or larger.  

6.    Constraints including X and Y. If teacher (i) teachers their 

wanted course (j) they will have one class given. If teacher (i) teaches an 

unwanted course (j) they will get no class. The total sum of the courses cannot 

exceed the 5 district mandated courses. 



7. The following constraint was calculated without a need for a parameter since we 

divided the number of students per course by 24 and rounded up to the next whole 

number to figure out how many courses of each we needed. Teacher to student 

ratio of 24 to 1 because of SIG. 

Reason for constraint: School Improvement Grants (SIG): 

Authorized under section 1003(g) of Title I of the Elementary and Secondary 

Education Act of 1965 (Title I or ESEA), are grants to State educational agencies 

(SEAs) that SEAs use to make competitive sub grants to local educational 

agencies (LEAs) that demonstrate the greatest need for the funds and the strongest 

commitment to use the funds to provide adequate resources in order to raise 

substantially the achievement of students in their lowest-performing schools. 



Results: 

 After our calculations, we found that we are not able to find a feasible solution. 

Therefore modifications had to be made to satisfy the objective function. We changed the 

constraint that let teacher have at most teach three courses to teachers have to teach at 

most two courses.  This allowed solver to give us a feasible solution that meet all 

constraints. This is not the only feasible solution there could be more constraints to allow 

for an optimal solution. 

 

Conclusion: 

 This case study was a learning experience for our entire group.  It made us think 

of the many different problems in different types of occupations that can be solved with 

excel. The use of excel can be taken into the classroom as another tool for 

experimentation. In high school we can create problems in which excel can help students 

better understand the formulations of problems. We also believe that the master schedule 

for all subjects in high school (Math, Science, English, History,…,ect.) is easier done in 

excel when get the experience.  

 


