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Abstract 
 
The Andover Public Schools (“APS”, “the district”) in Massachusetts engaged Edulog during the fall of 2019 to 

conduct an optimization study on their transportation data. The purpose of this routing analysis was to 

objectively evaluate existing bus routes and various tasks for timely, efficient, and cost effective transport of all 

students to and from their residence. It simulated 11 different transportation models chosen by the district. 

The district currently operates a 2-tiered transportation system, with bell times for elementary and secondary 

schools roughly 60 minutes apart. It also provides transportation for 3 private schools. APS reports that 3,939 

public school students and 128 private school students are transported on its regular education routes. These 

regular education routes are serviced by its fleet of 35 “full-size” buses and 15 “reduced-capacity” vehicles that 

are used for special needs.  

The study leads to the following conclusions: 
 

1) Andover’s transportation department, under current conditions, is running an efficient system.  

2) Shortening the 60-minute gap between bell times in the different tasks can be accomplished with the 

addition of between 5 and 13 buses. 

3) The smallest possible gap achievable under the given parameters was 40 minutes, and would require an 

additional 8 buses to operate.  

Given the complicated setup of the district’s regular education transportation, any attempt to reduce the 60-

minute gap between bell times cannot be accomplished with the current fleet size, and would require significant 

changes to school bell times. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4 | E d u c a t i o n  L o g i s t i c s ,  I n c .  

 
 

 
 

Table of Contents 
 

Section I    – Background ............................................................................................................................................ 5 

Section II   – Routing Efficiency .................................................................................................................................. 6 

Section III  – Optimization Study Parameters ............................................................................................................ 7 

Section IV  – Assessment of Current Transportation Model ................................................................................... 13 

Section V   – Optimization Study Results ................................................................................................................. 17 

Section VI  – Conclusion ........................................................................................................................................... 33 

Appendix A - Figures for Regular-Education Routes ................................................................................................ 35 

Appendix B - Figures for Special Needs Route ......................................................................................................... 41 

Appendix C - Glossary of Terms ............................................................................................................................... 44 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023054
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023055
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023056
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023057
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023058
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023059
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023061
file:///C:/Users/sjenko/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/A19WZKIV/DRAFT_FinalReport_AndoverMA_OptStudy%20LNB%20comments.docx%23_Toc478023062


5 | E d u c a t i o n  L o g i s t i c s ,  I n c .  

 

Section I – Intro & Background  

 
Andover Public Schools (“APS”) in Massachusetts engaged Edulog during the fall of 2019 to conduct an 

optimization study on their transportation data. The district requested a simulation of 11 different tasks using 

their current transportation data in order to determine what the most efficient outcome would be. The purpose 

of this routing analysis was to objectively evaluate existing bus routes and various tasks for timely, efficient, and 

cost effective transport of all students to and from their residence. 

The district is located in the southwestern section of the Merrimack Valley region. Its boundaries encompass 32 

square miles of land and ~223 miles of roadway. There are 5,957 students currently enrolled in grades PK and K-

12. The public side is made up of 5 elementary schools, 3 middle schools, 1 preschool, and 1 high school. The 

private side is much smaller, with only 3 schools. The district is legally required to provide transportation to both 

private and public school students.  

There are 3,939 public school students and 128 private school students transported on its regular-education 

routes, which are serviced by 35 “full-size” school buses. An additional 15 “reduced-capacity” vehicles are used 

to service the special needs students. The district currently operates a 2-tiered transportation system, with bell 

times for elementary and secondary schools set roughly 60 minutes apart. The private schools operate on their 

own set of bell times so that a subsection of routes operate a 3-tiered system during the AM period. Double runs 

are also present, with 6 buses making them for elementary schools and 4 buses making them for secondary 

(middle/high) schools.  

The Andover Public Schools uses Versatrans routing and planning software, integrated with the district’s ASPEN 

student database. For purposes of this study, data provided from the Versatrans system was converted and 

uploaded to a custom-built map in the Edulog routing and planning software. After performing a map calibration 

to accurately reflect the speeds currently used by the APS, the map was used to calculate bus routes that reflect 

as much as possible the current travel times in the system.  

Current projections suggest that Andover’s population will continue to grow in the coming years, which will 

create new challenges for the district to maintain its current level of service. The district has been actively 

preparing for the growing demand on transportation, including commissioning this study. 
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Section II – Routing Efficiency  
 

Efficiency is doing the most with the least amount of resources. In the most general sense, in terms of pupil 

transportation, this means transporting the most students with the least amount of buses. There are a number of 

constraining factors in achieving this goal, as well as other priorities that may alter a specific district’s definition 

of efficiency. Each district has different constraints and priorities, based on geography, politics, students, etc. 

However, there are a few widely accepted Key Performance Indicators (KPIs) that allow for comparison from 

district to district. 

A measure of the efficiency of the overall routing is the number of runs per route, which can be expressed as: 

𝜌=
Number of 𝑅𝑢𝑛𝑠

Number of 𝑅𝑜𝑢𝑡𝑒𝑠
   , 

A standard for efficiency would be expressed as six runs per route, or one run for each tier for morning and 

afternoon service, assuming there are three tiers for morning and afternoon. Under real world conditions, this is 

unrealistic to expect, so it is illustrative to look at the overall distribution of the number of runs on each route. 

Ideally, this would have a normalized distribution, or follow a bell curved shape, with the mode, or most common 

number, falling at or near 6 runs per route. 

An additional useful metric is the number of students transported per route during the morning and afternoon 

services. This can be expressed as:  

𝜃𝑎𝑚=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑𝑎𝑚

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑜𝑢𝑡𝑒𝑠𝑎𝑚
   , 

and similarly for PM routes. In an efficient routing system, with perfect tiering, a route would be comprised of at 

least 6 runs (possibly more, depending on a number of factors, but for this purpose, we will assume 6, 1 for each 

tier in the morning and afternoon). Given an average bus capacity of 50 students, an excellent score on this 

metric would see 150 students transported during each service. 

In order to achieve an efficient transportation model, buses must be run as full as possible. A useful measure of 

capacity usage is the average ridership per bus, which can be expressed as: 

𝛼=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑢𝑛𝑠
 , 

This metric is limited by the individual capacity of the bus, which differs based on the age of the students, so a 

separate calculation for each load capacity may be useful. It costs the same to operate a bus regardless of how 

many students are transported, so in order to fully utilize the fixed asset, capacity should be as high as possible 

while still allowing for feasible runs under the maximum allowed time frame. 
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Section III –Optimization Study Parameters   
 

The success of any optimization study depends on the quality of the underlying transportation data, and having a 

clearly-defined set of goals. The district and Edulog agreed on the scope of work for the study, which determines 

how the study is conducted and how results are presented. Information from this section onward concerns only 

the transportation data included in the study. For the solutions to be viable, various constraints were put into 

place that governed how the algorithm optimized runs.   

 

Scope of Optimization Study 

Optimization studies are governed by certain assumptions and constraints. A fundamental assumption is that the 

study is based upon a snapshot of data provided by the district on October 1, 2019, and does not reflect updates 

to system data since that date. The study’s output identifies potential areas for improvement in transportation 

operations and estimates their impact, but does not produce runs and routes that are ready to be implemented.  

The six original tasks outlined by the district are summarized below: 

Task 01: “the status quo - general run and route opt”  

¶ Goal: Optimize AM and PM runs under current (2-tier) bell time system, followed by an optimization of 

their routes. 

¶ Maintain current bus totals used by the district.  

¶ Usage of double runs for a school is permitted to keep bus counts down. 

Task 02: “bell time flip secondary schools start time of 8:30am – no additional buses” 

¶ Goal: Utilize the optimized run data and apply the following bell time shifts: 

o Flip start times of secondary MS/HS schools (1st tier) from 7:45am to 8:30am 

o Flip start times of elementary schools (2nd tier) tier from 8:45am to start before MS/HS schools 

¶ Usage of double runs for a school is permitted to keep bus counts down. 

¶ Maintain current bus totals. No increase in routes is permitted.  

Task 03: “bell time flip elimination of the double runs under the new bell times” 

¶ Goal: Re-use the solution generated for Task 02 and perform a route optimization with the primary 

emphasis on how many additional buses are needed to eliminate the double runs. 

¶ Total fleet requirements can increase with this solution. 

¶ No double runs are permitted.  

Task 04: “bell time status quo or shift, eliminate double runs” 

¶ Goal: Re-use the optimized run data generated in Task 01, and apply the following bell time shifts: 

o Shift start times of elementary schools (2nd tier) from 8:45am to 9:15 am 

o Shift start times of secondary MS/HS schools (1st tier) tier from 7:45am to as late as possible to 

still allow connections with the elementary schools. 

¶ No double runs are permitted.  
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Task 05: “the 3-tiered system”  

¶ Goal: Utilize optimized runs and routes for elementary schools as generated in Task 01 and create a 3-

tiered system by breaking up the middle and high school start times. 

¶ Order of tiers and school bell times: 

o 1st tier:  elementary  (Before AHS) 

o 2nd tier: middle   (Before AHS) 

o 3rd tier: high    8:30am start time 

¶ Conduct run opt on the middle and high schools, separately.  

¶ No double runs are permitted.  

Task 06: “bell time flip with no pickup before 7:00am” 

¶ Goal: Re-use the optimized runs from Task 01, and shift bell times with the primary goal that no student 

is to be picked up before 7:00am. The bell time shifts are: 

o Flip start times of elementary schools (2nd tier) from 8:45am to 7:45am 

o Flip start times of secondary MS/HS schools (1st tier) tier from 7:45am to 8:30am 

¶ Some run-level optimization may be necessary to stay within the 7:00am limit.  

During conversations with the district, it was decided that 5 additional tasks would be performed for the district. 

These subset solutions are Task 04b, 04c, 06b, 06c, and 06b.  

¶ In Task 04b, the bell times for the private schools would be allowed to undergo more radical changes (vs. 

04a) to see if it would allow bell times for the 1st and 2nd tier to move closer together.  

¶ Task 04c took the opposite approach with the private schools by locking in their bell times, while still 

maintaining the 40-minute gap between the elementary and secondary schools. Additional flexibility to 

the pickup and drop-off times for the private school runs was permitted in order to improve service.  

¶ Task 06b differs from 06a based on the preservation of double runs. In 06a they were eliminated, while 

06b attempts to preserve them wherever possible in order to reduce the total bus count. The remaining 

parameters were kept in place for both of these solutions.  

¶ 06c took a radical approach to the private school bell times by splitting STA runs from PIKE-MONT onto 

an earlier bell-time. The goal behind this was to try and create a 2-tiered solution for the private schools 

and increase resource utilization.  

¶ Finally, Task 06d locked the private school bell times while maintaining the 45 minute gap between the 

elementary and secondary schools. Additional flexibility to the pickup and drop-off times for the private 

school runs was permitted in order to improve service. 
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School Codes used in the Study 

Edulog uses a 3-5 character code for each unique school in the software. It allows for information to be 

standardized across a district, and improves the flow of information when analyzing data and disseminating 

results. The list of codes for each school in the report is shown in the table below in alphabetical order: 

Public/Private Code Full School Name 

Public 

AHS Andover High School 

BES Bancroft Elementary School 

DMS Doherty Middle School 

HPES High Plain Elementary School 

SES Sanborn Elementary School 

SOUTH South Elementary School 

WEST West Elementary School 

WHMS Wood Hill Middle School 

WMS West Middle School 

Private 

MONT Montessori School 

PIKE Pike School  

STA St. Augustine School 

Special Needs 

AHST AHS Transition Opportunities Program 

CRES Crest Collaborative 

MEL Melmark New England 

District PK SHAW Shawsheen Pre-School Program 

 

Special Needs Transportation 

Bus routes for special needs were included in the study. However, no run level optimization occurred due to the 

following reasons: 

¶ Special needs busing is highly individualized, and accounting for individual student requirements is not 

feasible during optimization. Thus, optimized runs cannot be considered as “reasonably valid” under real 

world conditions. 

¶ This type of transportation changes frequently throughout the year, and any results generated are likely 

using obsolete data compared with the regular education routes, which are generally more static. 

Runs assigned to the 15 special needs routes were thus re-used for the bell time shifts and subsequent route 

optimization.  

 

Mirroring for Elementary Students: Run Level and Route Level 

When runs are mirrored, it generally means that the same students/stops are serviced by the same bus in the 

morning and afternoon. The Andover Public Schools, like many other districts in the US, applies this policy for 

students as a way of minimizing the differences between morning and afternoon transportation. Mirroring on a 

route level simply continues this trend: having a bus service the same run between the morning and afternoon 

periods. This policy was to be preserved in all route solutions.  
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When a district mirrors its runs (especially across multiple tiers) it often leads to a less optimal system. Time and 

bus load imbalances often impose higher costs on transportation and a fully-mirrored solution is usually not 

possible. While not a large constraint for this study, these concerns had to be carefully considered.  

Bus Capacities and Run Loads  

There are 35 buses transporting regular education 

students, and 15 ”reduced capacity” vehicles that 

transport special needs students. In each group, the 

capacities of buses had to be considered when 

performing run and route optimization. The table to 

the right summarizes capacities for both groups: 

 

Reported Headcounts vs. True Ridership Levels 

No student records were used in this study. Instead of attaching student level information to stops, Edulog 

instead used the reported headcount loads at each bus stop. These counts were provided by the district, and 

were used to optimize runs for the elementary and private schools.  

However, there was a notable anomaly in the data when attempting to optimize runs for the middle and high 

schools. The reported maximum load per bus is effectively at 43 students, but the table below shows the issue 

presented in the district’s actual data: 

Secondary schools Time period Runs > 43 load Percent of School Runs 

AHS-DMS-WMS 
AM 26 81.3% 

PM 26 83.9% 

WHMS 
AM 3 37.5% 

PM 3 37.5% 

 

On average, runs servicing the secondary schools have ~51 students assigned to them. This is ~8 students more 

than their stated maximum capacities, and made it impossible for a purely algorithmic optimization to generate 

the same or more efficient number of runs (since the algorithm is somewhat constrained by bus capacities and 

the ability to make general scaling assumptions). If the algorithm were to use the requested max load of 43 

students per bus, it would create an additional 10 runs to transport the same number of AHS-DMS-WMS 

students to school in the AM.  

Not only are a significant number of runs overloaded, but the amount they are overloaded bears mentioning: 

¶ AM secondary runs > 55 load = 7 runs (17.5%) 

¶ PM secondary runs > 55 load = 8 runs (20.5%) 

The district has overloaded these runs because the level of actual ridership on MS/HS runs is much lower than 

the reported headcounts loads at stops. This manual load adjustment has allowed the district to better manage 

its transportation with their current assets. However, because the true level of ridership is not captured in the 

Group Category Total 

Regular Ed 
Total Routes 35 

    No. of 71 cap. 35 

  

Special Needs 

Total Routes 15 

    No. of 29 cap. 2 

    No. of 8-9 cap. 2 

    No. of 6-8 cap. 11 
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current stop data, algorithmic run optimization is unable to produce runs that are both efficient and accurate. 

Even if the maximum run loads were to be increased to account for lower than reported ridership, run 

optimization cannot build runs that can be considered accurate or reliable because it’s not clear which stops are 

overloaded, and which aren’t.  

For that reason, the district agreed that secondary school runs would not be put through run level optimization, 

and instead would be used “as is” for the study’s assessment of bell time changes and route level optimization.  

 

Time Limits on Runs 

Time limits when conducting run optimization had to be kept within certain 

parameters, as the district strives to keep run times short for students. While 

certain exceptions to these time limits exist, the district wanted to apply the 

following limits to runs, shown in the table to the right: 

 

AM Arrival Windows and the Breakfast Program  

The morning breakfast program has a high participation rate, and the district requested that buses arriving in the 

morning arrive early enough to accommodate students who participate in the program. Typically, the breakfast 

program starts 15 minutes before the starting bell for elementary students, while for middle and high schools it 

starts up to 20 minutes prior to the bell. This consideration did not have a large impact in the study, but had to 

be accounted for to ensure the morning buses would generally have enough time to arrive at the early window.   

 

PM School Departures and School Load Time 

Afternoon buses could arrive at the school bell, but are generally instructed to arrive at the schools 5 minutes 

before the bell. There was a requirement for the buses to depart 5-10 minutes after the release bell occurred, 

with 10 minutes being the standard.  Edulog strived to accommodate this parameter wherever possible in the 

data, while creating minimal instances of negative slack in the afternoon routes, meaning that buses would not 

have enough time to make connections between runs.  

 

Midday Runs for K and PK Students 

There are 5 elementary schools that transport K and PK students at midday, each with 1 drop-off run. The buses 

all operate on a 12:05pm bell time, transport a total of 24 students, and average at about 16 minutes per run.  

Run data was provided for these midday trips, but were excluded from optimization because the 5 runs have no 

impact on the solution, regardless of the bell times or task. They were also not directly included in the scope of 

work, so as a result they were not a focus of the study. It can therefore be assumed that no direct impacts to 

these runs occurred.  

 

School Type Time Limit 

MS/HS 25-30 minutes 

ES 30-35 minutes 

Private 40-50 minutes 
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Multi-Schooling Runs  

When a run is labeled as “multi-school,” it means that a bus transports students for more than 1 school on a 

single run. In this case, middle and high school students for several schools are transported together due to 

similar attendance zones and bell times.  

Multi-schooling also exists for the private schools, with details shown in the below table:  

AM 
 

PM 

School Type School Code(s) 
 

School Type School Code(s) 

HS-MS AHS-DMS 
 

HS-MS AHS-DMS 

HS-MS AHS-WMS 
 

HS-MS AHS-WMS 

Private PIKE-MONT 
 

Private PIKE-MONT 

   
Private STA-PIKE-MONT 

 

While latitude was given to breaking/forming multi-school runs in the optimization study, the district wished to 

preserve these connections wherever deemed to be efficient. 

 

Limits to Buses in School Loading Zones 

The capacities for school loading zones are limited in some cases, so bus arrivals and departures need to be 

staggered out to prevent traffic jams and unnecessary queuing. While AHS and WMS were the only schools that 

needed significant levels of staggering, each school had to be examined during route optimization. 

The maximum number of buses that can be in each loading zone for drop-off or pickup are as follows: 

School AHS WMS BES DMS WHMS HPES WEST SOUTH PIKE MONT SAN STA 

Capacity 15 13 9 8 8 8 8 7 5 5 5 4 
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Section IV – Assessment of Current Transportation Model 
 

Schools and Bell Times 

There are a total of 18 schools contained within the transportation data provided by the APS. Most service both 

regular education and special needs students, but there are a few that are exclusive to each group. 

The district side includes both public and private schools. The public domain is made up of 5 elementary schools, 

3 middle schools, 1 preschool, and 1 high school. The private side is much smaller at only 3 schools. On the 

special needs side, there are 14 schools that receive such transportation, with 4 them being exclusively focused 

on special needs students.  

Schools and bell times are summarized briefly in the table below for the 35 district routes: 

School Code Type AM PM 

PIKE  private 8:15 AM 3:15 PM 

MONT  private 8:30 AM 3:15 PM 

STA   private 8:45 AM 3:00 PM 

BES, HPES, SES, SOUTH, WEST elementary 8:45 AM 3:15 PM 

AHS, DMS, WHMS, WMS middle/high 7:45 AM 2:20 PM 

 

All of the bell times in the above table (district routes) were open to bell time shifts in 1 or more of the tasks. By 

contrast, the special needs schools were shifted on a per school basis, as the district does not have control over 

some of their start and end times. The table below summarizes this aspect of the schools:  

School Code Type AM PM Can shift bells? 

AHS, DMS, WHMS, WMS middle/high 7:45 AM 2:20 PM Y 

BES, HPES, SES, SOUTH, WEST elementary 8:45 AM 3:15 PM Y 

AHST     special needs 7:35 AM 2:20 PM N 

CRES     special needs 9:15 AM 3:15 PM N 

MEL      special needs 8:30 AM 2:30 PM N 

SHAW     district PK 9:00 AM 2:00 PM Y 

STA      private 8:45 AM 3:00 PM N 

 

The district currently operates a 2-tiered transportation system, with bell times for elementary and secondary 

schools roughly 60 minutes apart. The private schools operate on their own set of bell times so that a subsection 

of routes operate a 3-tiered bell system during the AM period. 

 

Runs and Routes  

There are 35 “full-size” school buses currently used to service public and private school students. An additional 

15 “reduced-capacity” vehicles are used to service the special needs students, bringing the total number of buses 

included in the study to 50 buses (i.e., 50 routes).  
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Excluding private schools, there are 5,957 students currently enrolled at the district. 3,939 public school students 

and 128 private school students are transported on regular education routes, shown in the table below: 

2018-2019 Statistics Totals 

Total Students PK-12 5957 

Total District transported 3939 

Total Private transported 128 
  

 

Total Regular-Ed routes  35 

    3-tiered routes 16 

    2-tiered routes 19 
 

The breakdown of total runs for each group of regular education schools is summarized below: 

School Type Total AM PM 

All Schools 172 85 87 

ES 79 37 42 

MS/HS 79 40 39 

Private 14 8 6 
 

Double runs are operated in the current model. This means that a bus will make 2 runs for a given school during 

the AM or PM period. Students on these double runs are either dropped-off well before the bell (in the morning), 

or picked-up well after the bell (in the afternoon). The table below shows the total number of instances where a 

double run occurs (by school): 

School AM-instances PM-instances AM-PM diff. 

AHS/WMS 2 1 - 1 

HPES 2 2 0 

SES 1 1 0 

SOUTH 2 2 0 

WEST 1 1 0 

WHMS 3 2 - 1 
 

Generally, double runs are avoided by districts whenever possible. In the case of the APS, the district decided to 

operate a number of double runs because: 

A) The size of the attendance areas serviced by a bus is small enough to result in short run times. 

B) The density of stops and students allows buses to reach their capacities sooner. 

C) Implementing double runs allows the district to maximize utilization of their current fleet instead of 

having to increase the total number of buses and drivers.   

Another important aspect of the run data is the occurrence of multi-school runs in the dataset. These types of 

runs are described in detail in Section 3 earlier in this report. As a general rule, multi-school runs are when 

students from 2 or more schools are transported on the same bus. Multi-school runs normally are used when the 

bell times are in close proximity and students from the 2+ schools are located in the same general area.  
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The first table below summarizes the AM number of multi-school runs, along with the number of double runs: 

 
AM 

Run Type Sch Type Sch Code(s) Total runs  Double runs Single Runs 

Multi HS-MS AHS-DMS 11 0 11 

Multi HS-MS AHS-WMS 15 3 12 

Multi Private PIKE-MONT 5 0 5 
 

The second table provides the same information, but for the PM period: 

   
PM 

Run Type Sch Type Sch Code(s) Total runs  Double runs Single Runs 

Multi HS-MS AHS-DMS 11 0 11 

Multi HS-MS AHS-WMS 15 3 12 

Multi Private PIKE-MONT 2 0 2 

Multi Private STA-PIKE-MONT 2 0 2 
 

What’s different between the morning and afternoon periods are the private school runs, as there are a 

significantly higher number of students transported during the PM vs. the AM, culminating in 2 additional runs 

that are accommodated onto the 35 buses. To visualize these 35 routes, the chart below shows their daily 

operation: 

 

There are several important notes about this chart worth mentioning. First, there are the clearly defined tiers 

that are made up by runs servicing the elementary and secondary schools. The second, and arguably more 

important note, is the timing of the private schools runs in relation to the 2 tiers. During the morning, these runs 

create a significant challenge, with just enough time to make a 3-tiered connection on 4 routes. However, the 

afternoon period has these private school runs encroaching upon the 2nd (elementary) tier, which puts stress on 

the 35 routes to make enough time to for these runs. For more charts that breakdown the routes by various 

0

5

10

15

20

25

30

35

40

> 6
:0

0
 A

M

6
:10

 A
M

6
:25

 A
M

6
:40

 A
M

6
:55

 A
M

7
:10

 A
M

7
:25

 A
M

7
:40

 A
M

7
:55

 A
M

8
:10

 A
M

8
:25

 A
M

8
:40

 A
M

8
:55

 A
M

9
:10

 A
M

9
:25

 A
M

9
:40

 A
M

9
:55

 A
M

1
0

:1
0

 A
M

1
0

:2
5

 A
M

1
0

:4
0

 A
M

1
0

:5
5

 A
M

1
1

:1
0

 A
M

1
1

:2
5

 A
M

1
1

:4
0

 A
M

1
1

:5
5

 A
M

1
2

:1
0

 P
M

1
2

:2
5

 P
M

1
2

:4
0

 P
M

1
2

:5
5

 P
M

1
:10

 P
M

1
:25

 P
M

1
:40

 P
M

1
:55

 P
M

2
:10

 P
M

2
:25

 P
M

2
:40

 P
M

2
:55

 P
M

3
:10

 P
M

3
:25

 P
M

3
:40

 P
M

3
:55

 P
M

4
:10

 P
M

4
:25

 P
M

4
:40

 P
M

4
:55

 P
M

To
ta

l n
u

m
b

e
r 

o
f 

ac
ti

ve
 r

u
n

s 

Current Active Runs: Mon-Fri 

Private Elementary Secondary



16 | E d u c a t i o n  L o g i s t i c s ,  I n c .  

 
categories, please reference Appendix A in this report. For special needs, run level information is summarized in 

the table below: 

 
Total AM PM 

Total Runs 50 24 26 

Total Stops 285 130 155 

Total Student Trips 206 100 106 

Run Load ≤ 7 67 23 24 

Run Load = 7 < x ≤ 9 1 0 1 

Run Load > 29 2 1 1 
 

Visualizing the 15 routes servicing special needs is fairly straightforward, as shown by the chart below: 

 

Further charts and detailed breakdowns of the special needs routes can be found in Appendix B of this report.  

Assessment of Study Data 

Edulog first assessed the quality of the district’s data within the system to identify and remedy potential data 

issues that could negatively impact the optimization study. The data assessment also gives Edulog and the district 

a broad picture of the study data and identifies potential limiting factors with the optimization. The previous 

section focused on the district’s current transportation setup, in particular, the run and route data not included 

in the study itself. This section examines the data used for optimizations in the study.  

Edulog was provided a copy of the district’s Versatrans data on October 1, 2019. Edulog concluded that the APS 

maintains its database and possesses good quality data. After uploading the stop data to the in house geocode, 

match rates for addresses ended up at ~99 percent. Transportation data was judged to be in relatively good 

condition, with most instances of infeasibility reflective of actual road conditions. The map used to route buses 

had a number of intersections and segments that act as checkpoints when routing buses. Edulog calibrated the 

geocode to slow these intersections/segments and improve the accuracy of run times, focusing primarily on high 

traffic segments and overly busy intersections. Overall, the provided data was of acceptable quality.  
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Section V – Optimization Study Results 
 

Overview of Results 

In total, this study addressed 11 tasks, with the additional in-depth analysis conducted for Tasks 04b and 06b 

counting each for a task. The table below summarizes route level results for all 11 tasks for regular education 

routes:   

Task Description Total Buses Δ Routes 

Task 01 the status quo general run and route opt 35 0 

Task 02 bell time flip secondary schools start time of 8:30am  35 0 

Task 03 bell time flip elimination of the double runs under the new bell-times 41 + 6 

Task 04a bell time status quo or shift, eliminate double runs 41 + 6 

Task 04b more radical approach to private schools 43 + 8 

Task 04c-1 lock in bell times for private schools and maintain 40-min. gap  45 + 10 

Task 04c-2 same as 04c-1, but with later start time for ES schools 48 + 13 

Task 05 the 3-tiered system 41 + 6 

Task 06a bell time flip with no pickup before 7:00am 46 + 11 

Task 06b allow for double runs to remain 43 + 8 

Task 06c more radical approach to private schools 46 + 5 

Task 06d lock in bell times for private schools and maintain 45-min. gap 43 + 8 

 

The school(s) with the earliest pickup and latest drop-off for each scenario is shown in the next table: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 01 6:43 AM AHS-DMS 4:23 PM MONT-PIKE 

Task 02 6:10 AM PIKE-MONT 3:49 PM WHMS 

Task 03 6:10 AM PIKE-MONT 3:49 PM WHMS 

Task 04a 7:15 AM WHMS 4:43 PM MONT-PIKE 

Task 04b 7:35 AM WHMS 4:43 PM MONT-PIKE 

Task 04c-1 7:05 AM WHMS 4:03 PM SOUTH 

Task 04c-2 7:11 AM PIKE-MONT 4:28 PM SOUTH 

Task 05 6:24 AM HPES/SOUTH 4:26 PM MONT-PIKE 

Task 06a 7:00 AM HPES/SOUTH 4:10 PM MONT-PIKE 

Task 06b 7:00 AM HPES/SOUTH 3:54 PM MONT-PIKE 

Task 06c 7:00 AM HPES/SOUTH 4:38 PM MONT-PIKE 

Task 06d 7:00 AM HPES/SOUTH 4:03 PM MONT-PIKE 
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Special needs transportation saw no increase or decrease in bus totals, and have been summarized generally:   

Special Needs Total Routes Δ Routes 

Current 15 0 

Task 02 15 0 

Task 03 15 0 

Task 04a-c 15 0 

Task 05 15 0 

Task 06a-d 15 0 
 

Finally, the table below shows the time between the elementary and secondary bell-times for each scenario, 

along with the change in time vs. the current model operated by the district: 

Scenario Time between tiers Δ time 

Part 01 60 min.  0 min. 

Part 02 50 min. -10 min. 

Part 03 45 min. - 15 min. 

Part 04a 60 min. 0 min. 

Part 04b 40 min. - 20 min. 

Part 04c 40 min. - 20 min. 

Part 05 40/35 min. n/a 

Part 06a 45 min. - 15 min. 

Part 06b 45 min. - 15 min. 

Part 06c 45 min. - 15 min. 

Part 06d 45 min. - 15 min. 

 

Task 01: The Status Quo - Run Optimization 

Run optimization on the elementary schools found that the majority of runs were operating at an efficient level. 

As such, most schools optimized resulted in the same number of runs for the AM and PM periods. No 

optimization of the middle and high school runs was performed due to reasons listed in Section 3 of this report.  

There are 2 schools that saw one set of runs eliminated: 

1) BES 

¶ Spare capacity on current runs combined with a compact stop distribution led to the 

elimination of a run in the northern part of the boundary 

2) HPES 

¶ Just enough spare capacity on current runs to eliminate a bus in the western part of the 

boundary.  

With regard to the private school runs, run optimization could identify no opportunities to either increase 

efficiency or reduce the total number of buses. The total student load is very small, but stops are distributed 

widely across the district, making time the most significant factor.  The district’s current use of single and multi-

school runs already make efficient use of their available buses, and algorithmic optimization did not improve 

either the AM or PM periods.  
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General run results are listed in the tables below, first for the AM and then for PM: 

  
AM 

    Current OPT Difference 

Run Type School Code(s) Total runs  Total runs  Total runs  

Multi PIKE-MONT 5 5 0 

Single BES 9 8 -1 

Single HPES 8 7 -1 

Single SES 4 4 0 

Single SOUTH 7 7 0 

Single STA 3 3 0 

Single WEST 9 9 0 

  
45 43 -2 

 

  
PM 

  
Current OPT Difference 

Run Type School Code(s) Total runs  Total runs  Total runs  

Multi PIKE-MONT 2 2 0 

Multi STA-PIKE-MONT 2 2 0 

Single BES 9 8 -1 

Single HPES 8 7 -1 

Single SES 4 4 0 

Single SOUTH 7 7 0 

Single STA 2 2 0 

Single WEST 9 9 0 

  
43 41 -2 

 

Task 01: The Status Quo - Route Optimization 

The district’s current routes under the calibrated map contain a lot of negative slack. Most of these instances in 

the AM are either from double runs or the PIKE-MONT multi-school runs. During the PM, there are issues with 

the private runs creating infeasibility in the data, and the district has noted that private school transportation has 

been difficult to accommodate.  

The district had several goals for this task: 

1) Maintain the current number of buses used 

2) Minimize the total amount of infeasibility (negative slack) 

3) Increase tiering of runs / Reduce double runs wherever possible 

In the end, we were able to maintain the current number of routes (and therefore vehicles) for Task 01. We also 

managed to decrease the total amount of infeasibility in the data through route and run level optimization. We 

added an instance of double runs for WEST, but it was to improve the service of the private runs in the PM. We 

also freed up more capacity in the AM, so 3 double runs could be broken up into single school runs, provided that 

they remain doubled in the afternoon.  
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Double runs were permitted to exist in this task, in order to maintain the total number of buses at 35. In the 2 

tables below, you can see the breakdown of single vs. double runs for all of the elementary schools, which are 

compared against what the district currently operates at. The 2 tables are broken up into the AM and PM 

periods:  

 
  Current Opt Difference 

Run Type School Code(s) Double runs Single Runs Double runs Single Runs Double runs Single Runs 

Multi PIKE-MONT 0 5 0 5 0 0 

Single BES 0 9 0 8 0 -1 

Single HPES 4 4 4 3 0 -1 

Single SES 2 2 2 2 0 0 

Single SOUTH 4 3 2 5 -2 2 

Single STA 0 3 0 3 0 0 

Single WEST 2 7 4 5 2 -2 

 

  
Current Opt Difference 

Run Type School Code(s) Double runs Single Runs Double runs Single Runs Double runs Single Runs 

Multi PIKE-MONT 0 2 0 2 0 0 

Multi STA-PIKE-MONT 0 2 0 2 0 0 

Single BES 0 9 0 8 0 -1 

Single HPES 4 4 4 3 0 -1 

Single SES 2 2 2 2 0 0 

Single SOUTH 4 3 2 5 -2 2 

Single STA 1 1 0 2 -1 1 

Single WEST 2 7 4 5 2 -2 
 

 

Finally, stop times for the earliest pickup and the latest drop-off are shown in the below table: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 01 6:43 AM AHS-DMS 4:23 PM MONT-PIKE 

 

 

Task 02: Bell Time Flip Secondary Schools Start Time of 8:30am 

The second part of this study took the optimized run data generated in Task 01, and optimized the bus routes 

under a proposed bell time system. The secondary school runs took the place of the 2nd tier, with a time shift of 

45 minutes later. The new bell times are shown in the below table: 

School Code Current Task 02 Difference 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:30 AM 3:05 AM + 45 min. 
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The elementary and private school runs, however, were not given a specific set of bell times. Rather, since they 

were now on the first tier the goal was have their bell times set to the latest possible time.  

In the end, the overall bell time changes for the district schools are as follows: 

School Code Current Task 02 Difference 

PIKE  8:15 AM 3:15 PM 7:15 AM 2:15 PM - 1 h 

MONT  8:30 AM 3:15 PM 7:30 AM 2:15 PM - 1 h 

STA   8:45 AM 3:00 PM 7:45 AM 2:00 PM - 1 h 

HPES  8:45 AM 3:15 PM 7:40 AM 2:10 PM - 1 h 5 min. 

SES   8:45 AM 3:15 PM 7:40 AM 2:10 PM - 1 h 5 min. 

SOUTH 8:45 AM 3:15 PM 7:40 AM 2:10 PM - 1 h 5 min. 

BES   8:45 AM 3:15 PM 7:40 AM 2:10 PM - 1 h 5 min. 

WEST  8:45 AM 3:15 PM 7:40 AM 2:10 PM - 1 h 5 min. 

 

The time gap between the 1st tier and 2nd tier runs is as follows: 

Task Time between tiers Δ time 

Current 60 min.  n/a 

Task 02 50 min. -10 min. 
 

Runs servicing the PIKE and MONT schools only needed to be shifted an hour, since the 3-tiered system was 

easily preserved with the optimized BES runs.  

Finally, stop times for the earliest pickup and the latest drop-off are shown in the table below, with both the AM 

and PM occurring earlier vs. Task 01: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 02 6:10 AM PIKE-MONT 3:49 PM WHMS 

 

 

Task 03: Bell Time Flip Elimination of the Double Runs Under the New Bell Times 

In the next part of the study, the goal was to take the results from Task 02 and eliminate the double runs that 

exist on both tiers. Total routes were allowed to increase in this case, with a secondary goal of shifting bell times 

between the tiers even closer. 

Route totals from Task 03 are show in the table below, compared with Task 01 and what the district currently 

operates at: 

Task Total Routes Δ Routes 

Current 35 0 

Task 02 35 0 

Task 03 41 + 6 
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When we split off the double run instances onto their own routes, we see an increase of 6 routes. The total then 

goes from 35 to 41 regular education buses. However, by splitting off the double runs onto their own routes, we 

are able to close the gap between tiers by 5 minutes. 

This new time of 45 minutes between tiers is the result of the longer run times that exist for MS/HS runs. The 

other restriction comes from the private school bell times that occupy a “3rd tier” between the elementary and 

secondary runs, which create significant challenges to busing.  

The table below shows the gap between tiers and how they change when eliminating the double runs: 

Task Time between tiers Δ time 

Current 60 min.  n/a 

Task 02 50 min. -10 min. 

Task 03 45 min. - 15 min. 
 

The 45-minute gap in Task 03 does work from a technical standpoint, but caution must be applied as the timeline 

is tight and allowed for little to no delays in the afternoon.  

A breakdown of the bell time shifts between the elementary schools and private schools are shown in the table 

below: 

School Code Current Task 03 Difference 

PIKE  8:15 AM 3:15 PM 7:20 AM 2:20 PM - 55 min. 

MONT  8:30 AM 3:15 PM 7:35 AM 2:20 PM - 55 min. 

STA   8:45 AM 3:00 PM 7:50 AM 2:05 PM -55 min. 

HPES  8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

SES   8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

SOUTH 8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

BES 8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

WEST  8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:30 AM 3:05 AM + 45 min. 

 

Finally, stop times for the earliest pickup and the latest drop-off are shown in the below table. They are the same 

as Task 02, because the elimination of the double runs did not impact results: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 03 6:10 AM PIKE-MONT 3:49 PM WHMS 

 

 

Task 04a: Bell Time Status Quo or Shift, Eliminate Double Runs 

This task focused on a different approach to shifting bell times. Here the order of the 1st and 2nd tiers were 

preserved (as opposed to Tasks 02 and 03), and instead started the elementary schools at a later time in the 

morning.  
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Results for Task 04 are shown in the following table, compared with the previous results: 

Task Total Routes Δ Routes 

Task 01 35 0 

Task 02 35 0 

Task 03 41 + 6 

Task 04 41 + 6 
 

The elementary tier now had a start time shown in the table below: 

School Code Current Task 04a Difference 

BES, HPES, SES, SOUTH, WEST 8:45 AM 3:15 PM 9:15 AM 3:45 PM + 30 min. 

 

The high schools were now allowed to shift as late as possible in the morning, and double runs were once again 

requested to be eliminated. Bell shifts for the middle, high, and private schools are shown in the following table: 

School Code Current Task 04a Difference 

PIKE  8:15 AM 3:15 PM 8:45 AM 3:45 PM + 30 min. 

MONT  8:30 AM 3:15 PM 9:00 AM 3:45 PM + 30 min. 

STA   8:45 AM 3:00 PM 9:15 AM 3:30 PM + 30 min. 

AHS 7:45 AM 2:20 PM 8:15 AM 2:50 PM + 30 min. 

DMS 7:45 AM 2:20 PM 8:15 AM 2:50 PM + 30 min. 

WHMS 7:45 AM 2:20 PM 8:15 AM 2:50 PM + 30 min. 

WMS 7:45 AM 2:20 PM 8:15 AM 2:50 PM + 30 min. 
 

The time gaps between tiers are shown in the table below: 

Task Time between tiers Δ time 

Task 01 60 min.  n/a 

Task 02 50 min. - 10 min. 

Task 03 45 min. - 15 min. 

Task 04a 60 min. 0 min. 

 

There is no change in the gap between tiers vs. what the district currently runs because: 

A) The order of the tiers does not change. 

B) The run lengths across both tiers prevent them from moving any closer.  

C) The private school bell times create a significant challenge when organizing bus runs.  

At this point in the study, the results highlighted the private schools as a significant constraint in moving the bell 

times any closer together. Maintaining the few 3-tiered routes in the AM prevents the route totals from growing 

past the 6 additional buses generated by this solution (and each one before it). Any change to the bell times for 



24 | E d u c a t i o n  L o g i s t i c s ,  I n c .  

 
the private schools with the goal of shifting the 2 main tiers closer together would increase the total number of 

routes significantly. This aspect is more thoroughly discussed in Task 06. 

Finally, stop times for the earliest pickup and the latest drop-off are shown in the below table: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 04a 7:15 AM WHMS 4:43 PM MONT-PIKE 

 

 

Task 04b: Alternative Approach to Private Schools 

After taking a more radical approach to the private schools, it was decided to: 

A) Shift their times so that they start between 9:05-9:35 am, which are more in line with the elementary 
school tier. 

B) Rework the afternoon PIKE-MONT-STA runs so that they are shorter on time/distance.  
 
The table below shows the new bell time shifts for public schools:  
 

School Code Current Task 04b Difference 

PIKE  8:15 AM 3:15 PM 9:05 AM 4:05 PM + 50 min. 

MONT  8:30 AM 3:15 PM 9:20 AM 4:05 PM + 50 min. 

STA   8:45 AM 3:00 PM 9:35 AM 3:50 PM + 50 min. 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:35 AM 3:10 PM + 50 min. 

BES, HPES, SES, SOUTH, 
WEST 

8:45 AM 3:15 PM 9:15 AM 3:45 PM + 30 min. 

 
As a result of this, if the district adds 8 full-sized buses to its fleet (addition of 2 from Task 04a), then it can move 

the 2 tiers closer, at 40 minutes apart. To put this in perspective vs. the other tasks, the table below shows the 

results of the other tasks: 

Task Time between tiers Δ time 

Task 01 60 min.  n/a 

Task 02 50 min. -10 min. 

Task 03 45 min. - 15 min. 

Task 04a 60 min. 0 min. 

Task 04b 40 min. - 20 min. 
 

Here are the route totals and bus additions for each task: 

Task Description Total Routes Δ Routes 

Task 01 Optimize runs and keep routes = 35 buses 35 0 

Task 02 Switch tiers and MS/HS to 8:30 am 35 0 

Task 03 Same as 02, but eliminate double runs 41 + 6 

Task 04a ES times move to 9:15am, no double runs 41 + 6 

Task 04b More radical approach to private schools 43 + 8 
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Finally, stop times for the earliest pickup and the latest drop-off times are shown in the below table: 

Task Earliest Pickup School(s) Latest Dropoff School(s) 

Task 04b 7:35 AM WHMS 4:43 PM MONT-PIKE 

 

 

Task 04c: Locking in the Private School Times 

Because the bell times for the elementary schools were allowed some latitude (vs. 04a and 04b), additional 

analysis was required to determine the most efficient outcomes. In the end, there were 2 setups that produced 

significantly different results:  

If the elementary schools start at their current bell-time (8:45 am), while the secondary schools start 20 

minutes later (8:00 am), then a total of 45 buses are needed. This is an increase of 10 buses. 

If the elementary schools start 5 minutes or more later than their current time (8:50 am to 9:15 am), 

then a the 40 minute gap between tiers require a total of 48 buses. This is an increase of 13 buses.  

Setup I – Elementary Schools Retain Current Start Time 

School Code Current Task 4c - Early Difference 

PIKE  8:15 AM 3:15 PM 8:15 AM 3:15 PM 0 

MONT  8:30 AM 3:15 PM 8:30 AM 3:15 PM 0 

STA   8:45 AM 3:00 PM 8:45 AM 3:00 PM 0 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:05 AM 2:40 PM + 20 min. 

BES, HPES, SES, SOUTH, WEST 8:45 AM 3:15 PM 8:45 AM 3:15 PM 0 
 

Setup II – Elementary Schools Start at 9:15 am  

School Code Current Task 4c - Late Difference 

PIKE  8:15 AM 3:15 PM 8:15 AM 3:15 PM 0 

MONT  8:30 AM 3:15 PM 8:30 AM 3:15 PM 0 

STA   8:45 AM 3:00 PM 8:45 AM 3:00 PM 0 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:35 AM 3:10 PM + 50 min. 

BES, HPES, SES, SOUTH, WEST 8:45 AM 3:15 PM 9:15 AM 3:45 PM + 30 min. 
 

In the end the route totals are as follows for the Task 4 group: 

Task Description Total Routes Δ Routes 

Task 04a ES times move to 9:15am, no double runs 41 + 6 

Task 04b More radical approach to private schools 43 + 8 

Task 04c- Setup I lock in bell times for private schools with 40 min gap 45 + 10 

Task 04c- Setup II same as 04c-1, but with later start time for ES schools 48 + 13 
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The driving factors for the 13 bus increase in Setup II are the private school runs (which added 8 buses) and the 

elimination of the double runs (which added 5 runs). In Setup I however, the private bell-times fell in line with 

the elementary school tier. Thus some of the shorter runs for the secondary schools were reassigned onto the 8 

buses that service STA, PIKE and MONT.  

To elaborate further, the table below restates the number of runs per group of schools: 

School Type Total AM PM 

ES 70 35 35 

MS/HS 79 40 39 

Private 14 8 6 
 

By keeping the elementary schools at their current times in Setup I, runs can be reassigned onto their tier and 

drop the total from 48 to 45 buses.  The morning period has the 3 runs servicing St. Augustine placed on buses 

that service the elementary school tier because of their short run times.  The 5 PIKE-MONT multi-school runs are 

reassigned onto their own runs.  

The approach taken with the afternoon was to add 2 additional runs, splitting the STA stops onto their own set of 

runs and performing run optimization on the PIKE-MONT multi-school runs. PIKE-MONT runs that also transport 

STA students are 15-20 minutes longer due to the difference in bell times. Eliminating that increased the total 

number of runs, but also condensed the range for drop-off and pickup times to ≤30 minutes at either end. 

In addition to reducing the average run lengths and improving service, we were able to accommodate the 

elimination of the double runs with 5 buses instead of 6. Earlier solutions required 6 buses because of how the 

current afternoon private school runs are operated. The Inclusion of STA students onto PIKE-MONT runs meant 

that some runs would be starting 15 minutes earlier, preventing that bus from connecting to an elementary or 

secondary run.  

This changes in 4C with the optimization of the afternoon private school runs and the ability of the ES start times 

to float. While the number of private school runs increased for this period, the PIKE-MONT runs now started late 

enough that they could accommodate both and AM and PM run, saving an additional bus.  

Finally, stop times for the earliest pickup and the latest drop-off are shown in the below table: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 04c - Setup I  7:05 AM WHMS 4:03 PM SOUTH 

Task 04c - Setup II  7:11 AM PIKE-MONT 4:28 PM SOUTH 

 

 

Task 05: The 3-tiered System 

The fifth task of this study focused on splitting up the multi-school runs for the middle and high schools to create 

a full 3-tiered transportation model. Private school runs were permitted to remain multi-schooled if it was 

deemed to be more efficient, with bell times allowed to change as needed.   
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A bell time of 8:30am for the high school was the only defined parameter when optimizing the 3 tiers.  Start and 

end times for the middle and elementary schools were to be shifted as close as possible to AHS while maintaining 

their same school day lengths.  

Accurate results were difficult to achieve in this task, primarily because of the load issue that occurs on the high 

school and middle school runs. Runs have been built and maintained by the district to allow for overloaded runs, 

and as a result of this, approximately 73% of runs that service the middle schools and high school have a 

headcount load greater than their stated maximum of 43 students. Not only are these runs overloaded in the 

model, but some are significantly overloaded. Approximately 11% have a headcount load greater than 60. 

The district has overloaded these runs because the level of ridership on MS/HS runs is much lower than the 

reported headcounts loads at stops. This has allowed the district to better manage its transportation with a 

limited bus fleet. Further details can be found in Section 3 of this study.  

Because the true level of ridership is not captured in the current set of stop data, run optimization had to take an 

alternative approach. In the end, the maximum run load was raised from 43 to 55 students, which the district 

currently uses when managing their MS/HS runs.   

The table below shows the estimated optimized run counts for each of the high/middle schools: 

Tier School Total AM PM 

middle 

DMS 14 7 7 

WHMS 16 8 8 

WMS 12 6 6 

high AHS 42 21 21 

 

In total, 21 buses would now service the high school on the 3rd tier, while 22 of them would be used to service 

the 3 middle schools on the 2nd tier. While these run totals represent a reduction in buses per tier, their load 

totals cannot be validated as accurate.  

The following table shows the bell times for each tier and the needed deadhead time (gap) to make connections 

between runs, with double runs eliminated: 

Tier AM PM 

High 8:30 AM 3:05 PM 

gap 40 minutes  

Middle 7:50 AM 2:25 PM 

Gap 35 minutes  

Elementary 7:15 AM 1:45 PM 

 

This table highlights a significant problem with this transportation model. Elementary schools would be starting 

at 7:15am, and would need to drop students off at 7:00am (15 minutes before the bell). As a result, all 

elementary school students in this task would be picked up between 6:24am and 6:55am, which was considered 
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to be an unacceptable result for the district. Private school bell times would also need to fall in line with the 

middle and high school tiers in order to avoid any significant increases to total fleet requirements.  

And because the double runs were eliminated from the solution, there is still a 6 bus increase for a total of 41 

routes. It was therefore determined that the logistics and cost of moving to a 3-tiered system are not beneficial, 

and would result in a lower standard of service for elementary school students.  

Finally, stop times for the earliest pickup and the latest drop-off are shown in the below table, with the earliest 

pickup occurring before 6:30am, and the latest drop-off occurring close to 4:30pm: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 05 6:24 AM HPES/SOUTH 4:26 PM MONT-PIKE 

 

 

Task 06a and 06b: Bell Time Flip with No Pickup before 7:00am  

In this task, bell times for the schools were to be set at the same parameters as Task 03 (45 minute gap between 

tiers), with the primary goal of no student being picked up before 7:00am.  

The bell times are essentially the same as Task 03, which had the private school runs picking up students as early 

as 6:10am. Even with the elimination of the double runs, these schools were being serviced far too early to be 

viable. This meant that the private schools would now have to have their bell times set independently from the 

public schools, resulting in them being placed onto their own buses. Some minor editing of arrival times for the 

elementary school runs had to be made, but for the most part these changes were easily addressed.  

Bell-time shifts for the middle, high, and elementary schools are shown in the below table: 

School Code Current Task 06a and 06b Difference 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:30 AM 3:05 AM + 45 min. 

BES, HPES, SES, SOUTH, WEST 8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 
 

Followed by the table summarizing private schools: 

School Code Current Task 06a and 06b Difference 

PIKE  8:15 AM 3:15 PM 8:05 AM 3:00 PM - 10 min. 

MONT  8:30 AM 3:15 PM 8:20 AM 3:00 PM - 10 min. 

STA   8:45 AM 3:00 PM 8:35 AM 2:50 PM - 10 min. 

 

By shifting the private school bell times to start only 10 minutes earlier, they effectively took up the area 

between tiers. This shift was done to minimize impacts to the private school bell times as much as possible.   

There were 4 subsections to Part 06, with the first 2 defined by how double runs are approached: 

¶ 06a – Elimination of the double runs 

¶ 06b – Preservation of the double runs wherever possible 
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Because it was not clear which method would produce a better result, Edulog took the liberty of simulating both 

of these approaches, and with significantly different results.  

Bus totals for both 06a and 06b are summarized in the below table, with the other results for comparison: 

Task Total Routes Δ Routes 

Task 01 35 0 

Task 02 35 0 

Task 03 41 + 6 

Task 04a 41 + 6 

Task 04b 43 + 8 

Task 04c 45 + 10 

Task 05 41 + 6 

Task 06a 46 + 11 

Task 06b 43 + 8 

 

Stop times for the earliest pickup and latest drop-off are shown the table below: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 06a 7:00 AM HPES/SOUTH 4:10 PM MONT-PIKE 

Task 06b 7:00 AM HPES/SOUTH 3:54 PM MONT-PIKE 

 

What is important to note about Tasks 06a and 06b is that by permitting double runs to remain wherever 

possible, we were able to reduce the total number of additional buses needed to handle the 7:00am limit for 

student pickups. While the ES double runs had to be eliminated to obey this time limit, the same did not apply to 

the MS/HS runs. The private school bell times now encroached upon the second tier, and by permitting the 

preservation of double runs, 3 fewer buses were needed to meet transportation requirements.  

However, even the optimistic 43 bus solution of 06b is very cost-prohibitive and results in relatively poor asset 

utilization. Here, there are 8 private school runs in the AM period, but only 6 in the PM period because of 

differences in total student load. As a result, 6 of the new buses service only a single tier in the AM/PM period, 

and 2 of the buses only make an AM run.  

Attempting to fill out these bus routes with more runs would not work for 2 reasons: 

1) The bell times that the private schools operate on are ~15 minutes shorter than their district 

counterparts. 
 

2) Average run lengths are too long in both the AM and PM periods 

As a result, runs for the private schools now encroach on the 1st tier in the AM, and on the 2nd tier in the PM. Any 

attempts to break up the multi-school runs without changing their length of day would only add more buses to 

the solutions.  
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The difference between the district and private school day lengths have been a challenge throughout this study 

because of the points mentioned above. The goal of shifting bell times between the 2 tiers closer together 

cannot be easily solved through the addition of a few buses.  

Unless the district is willing to increase its bus fleet size by over 30%, there will need to be a conversation about 

restructuring bell times for the private schools to bring their length of day more in line with the district schools.    

 

 

Task 06c: Alternative Approach to Private Schools 

In this task, the bell times for the private schools were allowed to shift more dramatically to see if there was any 

way to reduce on the number of required buses. After analyzing the results of 06a and 06b, it was decided that 

the best option here was to break the 3 schools up, with STA starting at 8:00am and PIKE/MONT starting later at 

8:50am/9:05am.  

The bell time shifts for the other schools remain the same, so the following table shows bell time changes, with 

only the 3 private schools being different from 06a and 06b: 

School Code Current Task 06c  Difference 

PIKE  8:15 AM 3:15 PM 8:50 AM 3:50 PM + 35 min. 

MONT  8:30 AM 3:15 PM 9:05 AM 3:50 PM + 35 min. 

STA   8:45 AM 3:00 PM 8:00 AM 2:15 PM - 45 min. 

BES   8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

HPES  8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

SES   8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

SOUTH 8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

WEST  8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:30 AM 3:05 AM + 45 min. 
 

While the downside to this solution is that runs are now starting later in the afternoon for PIKE and MONT, it only 

requires 5 additional buses to operate the solution. This is because the private schools are now operating on a 2-

tiered solution with those 5 new routes.  

The table below shows the route totals for 06c, compared with all other results: 

Task Total Routes Δ Routes 

Task 01 35 0 

Task 02 35 0 

Task 03 41 + 6 

Task 04a 41 + 6 

Task 04b 43 + 8 

Task 05 41 +6 

Task 06a 46 + 11 

Task 06b 43 + 8 

Task 06c 40 + 5 
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The gap between tiers remains at 45 minutes, but in this case the total number of added buses is the smallest of 

any task in the study. 

While the 7:00am limit for pickups is still met, the drop-off time in the afternoon is the latest in the study, shown 

in the table below: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 06c 7:00 AM HPES/SOUTH 4:38 PM MONT-PIKE 

 

Task 06d: Locking in the Private School Times 

The final task in this study increased the number of buses by 8, for a total of 43 buses. In contrast to Part c of 

Task 06, bell times for the private schools were to be locked at their current operation. At the same time, the 

goal was to maintain the 45 minute gap with between tiers, with elementary and secondary schools starting with 

bell times, shown in the following table: 

School Code Current  Task 06d Difference 

PIKE  8:15 AM 3:15 PM 8:15 AM 3:15 PM 0 

MONT  8:30 AM 3:15 PM 8:30 AM 3:15 PM 0 

STA   8:45 AM 3:00 PM 8:45 AM 3:00 PM 0 

BES, HPES, SES, SOUTH, WEST 8:45 AM 3:15 PM 7:45 AM 2:15 PM - 1 h 

AHS, DMS, WHMS, WMS 7:45 AM 2:20 PM 8:30 AM 3:05 AM + 45 min. 
 

In Task 06a and 06b, private schools were shifted 10 minutes earlier in order to improve service with an earlier 

drop-off time. With their bell-time locked in, additional flexibility to the pickup and drop-off times for the private 

school runs was permitted in order to improve service. Double runs were allowed to be preserved, as they did 

not significantly impact the 45 minute gap between tiers.  

Much like in 04c, no opportunities for improvement could be identified that would improve upon the 8 runs in 

the AM currently servicing STA and PIKE-MONT students. The focus was therefore set on restructuring the 

afternoon runs.  

Run optimization resulted in STA once again being split off from the PIKE-MONT runs, resulting in 2 additional 

runs in the afternoon. This now allowed for the latest drop-off time to be reduced from 4:23pm to 4:03pm, with 

the other runs finishing well before 4:00pm. The latest drop-off time is now 20 minutes earlier and became the 

earliest finish for all buses in Task 06.  

In addition to improved service for the private schools, the utilization of the additional 8 buses was increased so 

that each one would operate during both the morning and afternoon. 

Stop times for the earliest pickup and the latest drop-off are shown in the below table, with the afternoon drop-

off occurring 20 minutes earlier than currently operated by the district: 

Task Earliest Pickup School(s) Latest Drop-off School(s) 

Task 06d 7:00 AM HPES/SOUTH 4:03 PM MONT-PIKE 
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 Finally, the table below shows the route total, compared with all other results: 

Task Total Routes Δ Routes 

Task 01 35 0 

Task 02 35 0 

Task 03 41 + 6 

Task 04a 41 + 6 

Task 04b 43 + 8 

Task 04c 45 + 10 

Task 05 41 + 6 

Task 06a 46 + 11 

Task 06b 43 + 8 

Task 06c 40 + 5 

Task 06d 43 + 8 
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Section VI – Conclusions 
 
Edulog stresses that the study results, while optimal from a technical standpoint, were generated under the 

premise of a study and are not fully ready for implementation. Any solution chosen by the district will require 

further modifications by the transportation department to reach road-ready status for the coming 2020-2021 

school year.  

The district’s relatively small size helps with route connections and loaded run times, but is complicated by 2 

important points: 

1. The private schools that receive transportation create a significant challenge between the 2 tiers. Their 

effective bell times occur between the elementary and secondary schools and have longer run lengths on 

average. Taken together, these conditions make accommodating their transportation needs onto district 

routes more difficult. 

2. The level of traffic is relatively higher in the afternoon periods, with numerous highways bisecting the 

district and causing delays. With the projected increases in population over the coming years, the level of 

traffic is expected to increase as well.  

There are 4 recommendations that can be drawn from this study. They are based upon the desires of the district 

to shift bell times for elementary and secondary schools closer together with its willingness to add buses: 

1. If the district wishes to decrease the amount of time between tiers without increasing the number of 

required buses, its best option is Task 02.  

¶ By starting the middle and high schools at a later time (8:30am), the district will be able to 

reduce the time between tiers from 60 minutes to 50 minutes.  

¶ While most of the elementary schools are picking up their students at/after 7:00am, the private 

schools must accommodate pickup times as early as 6:05am.  

2. If the district wishes to decrease the amount of time between tiers while also allowing for the smallest 

increase in total buses, its best option is Task 06d. 

¶ At 43 routes, there are 8 additional buses needed to operate this model. 

¶ The time between tiers is reduced by 15 minutes, to a total gap of 45 minutes between the 

elementary and secondary runs.  

¶ This option is preferred over Task 06c because of the difficulty faced by the district to change bell 

times for the private schools.  

3. If the district wishes to decrease the amount of time as much as possible between the two tiers and is 

not concerned about adding buses, its best option is Task 04c. 

¶ 10 additional buses are required for a total of 45 routes. 

¶ This option is preferred over Task 04b because of the difficulty faced by the district to change bell 

times for the private schools.  

4. If the district does not wish to increase the total number of buses and cannot change the private school 

bell times, then the best option is Task 01.  

¶ This is the model currently operated by the district. 

When the demands placed upon the Andover Public Schools’ transportation department are taken into account 

with the limited resources available, we conclude that the district operates at an efficient level of transportation. 
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The use of a 2-tiered system in balance with the 35 buses it has available maximizes the use of the fleet, and 

balances school bell times enough to be able to meet current transportation needs.  
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Appendix A – Figures and Charts for Regular-Education Routes 
 

 

Figure A.1 – Daily activity of the 35 district routes. In this chart, the runs are broken up into the 3 primary groups 
of runs in the study. Secondary runs represent high and middle schools. Notice here how the private school runs 
fall in between the 2 tiers in both periods, with them encroaching on the PM elementary runs.   

 

 

Figure A.2 - Daily activity of the 35 district routes. In this chart, the runs are broken down further than A.1 to show 
the composition of the secondary runs, of which a majority are multi-school runs that service MS/HS students. 
Again, we see the private school runs between both tiers clearly in the AM.  
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Figure A.3 - Daily activity of the 35 district routes. In this chart, the runs are broken up more simply by whether 
the run is multi-school or not. The majority of private school runs are multi-school as well, except for 3 runs in the 
AM and 2 in the PM that service only St. Augustine.  

 

 
Figure A.4 - Results for Task 02, where the middle/high schools start at 8:30am, and the elementary schools start 
as late as possible. Note how in the AM tier the secondary runs are starting right on the heels of the elementary 
school dropoffs. The private schools have been shifted to an earlier start time with the elementary schools, 
resulting in less pressure between the 1st and 2nd tiers.   
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Figure A.5 - Results for Task 03. The bell times used here are the same as in 02, but with the added condition that 
all double runs are to be eliminated. This has resulted in 6 additional buses being needed to service the AM and 
PM periods. Both tiers increase runs out, with the ES driving the largest increase.  

 

 

 
Figure A.6 - Results for Task 04a, where the ES tier is shifted out to 9:15am, and the middle/high schools start as 
late as possible. Notice how the bell times are in tight proximity to each other, at a 50 minute gap between bell 
times (a 10 minute decrease). This shift required an additional 6 vehicles to operate. 
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Figure A.7 - Results for Task 04b where the ES tier is shifted out to 9:15am, and the middle/high schools start as 
late as possible. The difference with this task is that the private school bell times were allowed to shift larger 
amounts, and additional buses were permitted in order to get the gap down to 45 minutes, and 43 buses.  

 

 

 

Figure A.8 – Results for Task 04b where the ES tier starts at 8:45am and the MS/HS schools start at 8:00 am. The 
difference with this task (vs. 4a/b) is that the private school bell times were locked in at their current times, 
resulting in 10 additional buses for a total of 45 needed to maintain service.   
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Figure A.9 - Results for Task 06a, where the bell times follow the same setup in Task 02, with double runs 
eliminated and no student picked up before 7:00am. This solution is our largest, with 46 buses required to operate 
these routes. The largest driving factor here was the private schools, which could not shift much earlier than they 
currently operate. However, the benefit here was that the distance between tiers is reduced to 45 minutes.  

 

 
Figure A.10 - Results for Task 06b. The conditions were the mostly same as 06a, especially with the 7:00am pickup 
limit, but it permitted double runs in order to reduce the total number of new buses. While this solution was able 
to use only 43 buses to service, it still tied with solution 04b in terms of size. The distance between tiers remains at 
45 minutes.   
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Figure A.11 - Results for Task 06c. The conditions were the same as 06a, especially with the 7:00am pickup limit, 
but it allowed a more radical approach to modifying the private school bell times, while still permitting double 
runs to exist. With these added conditions, there are only 5 additional buses needed to operate this model.  

 

 

 

Figure A.12 – Results for Task 06c. The conditions were the same as 06a, especially with the 7:00am pickup limit, 
but the private school bell times were locked in at their current times, while still permitting double runs to exist. 
With these added conditions, there are 8 additional buses needed to operate this model for a total of 43 buses. 
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Appendix B – Figures and Charts for Special Needs Routes 

 

Figure B.1 - Daily activity of the 15 buses servicing special needs students. The scale for this chart is the same as 
the above, in order to accurately show their activity relative to 35 regular education buses. The two distinct peaks 
for each AM/PM period reflect the time gap between the elementary and secondary schools.   

 

Figure B.2 - Daily activity of the 15 special needs routes. In this chart, the runs are broken down vs.  B.1, and show 
the different types of schools students are transported for.  
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Figure B.3 – Solution 02 and 03 for the 15 special needs routes. In this chart, the runs are broken down vs. B.1, 
and show the different types of schools students are transported for. Notice how the times for runs are now more 
greatly spread out, as the district schools shift bell times vs. the other schools where bell times remain static. 

 

 

 

Figure B.4 – Solution 04a, 04b, and 04c for the 15 special needs routes. In this chart, the runs are broken down vs.  
B.1, and show the different types of schools students are transported for. Notice how the times for runs are now 
more greatly spread out, as the district schools shift bell times vs. the other schools. 
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Figure B.5 – Solution 06a, 06b, and 06c for the 15 special needs routes. In this chart, the runs are broken down vs. 
B.1, and show the different types of schools students are transported for. Notice how the times for runs are now 
more greatly spread out, as the district schools shift bell times vs. the other schools where bell times remain 
static. 
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Appendix C – Glossary of Terms 
 

Assigned Load - The number of students assigned in Edulog to that service. Assigned load can refer to Stop 

Service or Run Service. 

Bell Time - The time the bell rings to signify the start or end of the school day. 

Bell Time Window - In the AM, this designates the earliest and latest time a bus can arrive at a school on a to 

school run. In the PM, this designates the earliest and latest time a bus may leave the school. 

Headcount Load - The number of students at an individual stop who actually ride the bus, typically determined by 

a driver count, which may provide a more accurate number of passengers on a bus. 

Load Time - The amount of time it takes for passengers and any equipment to board the bus. 

Multi-School Run - A run that services more than one school. 

Route - The sum of the activity for an individual bus during a day, defined by a set of runs that a bus services 

during the day. 

Run - A run is a sequence of stops that a bus makes when transporting students to or from school. Identified by a 

Run ID number. 

Run ID - The school code plus a unique three digit number that identifies a run for a school. For example, run ID 

100.017 represents run number 017 servicing school 100. 

Stop - A distinct geographical location where buses stop during the day to pickup or drop-off students. A single 

stop can service multiple schools. Identified by a Stop ID number. 

Stop ID - The school code plus a unique three digit number that identifies a stop for a specific school. 

Tier - A single or multiple bell time that, when grouped together, represent a single time frame grouping of runs. 

A typical transportation system has 3 tiers: elementary, middle, and high. 

 

 

 

 


