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Abstract

Our Major Qualifying Project was to assess and improve the efficiency of student workspaces at
Worcester Polytechnic Institute (WPI) by applying industrial engineering techniques to three different
campus buildings: Gordon Library, Higgins Laboratories, and the Innovation Studio. We had set our focus
primarily on Gordon Library. Each of these workspaces possesses a unique set of needs and functions.
The rationale of our team completing this project was to ensure that the design of student workspaces was
fulfilled by considering consumer, space optimization, and resource utilization needs. Furthermore, our
team recognized that a common problem faced in industrial operations is that stakeholders are not always
aware of industrial engineering principles. Therefore, the design of such spaces are sometimes inefficient,
underutilized, or wasteful. For these reasons, our team completed this project to analyze the current
operation of the three aforementioned workspaces to highlight potential utilization and optimization
flaws, while making recommendations to ensure the development of a more efficient workspace as
alterations are made in the future. To produce these recommendations, our team used several different
methods including: axiomatic design and analysis, survey distribution and analysis, and space
optimization techniques. Due to the unique nature of each building, the results that the methods produced
differed for each building. The results for Gordon Library indicated that the area for improvement was in
space optimization. Thus, our team used survey data and space optimization methodologies to recommend
improvements to the floor plan. These floor plans prioritized the resources that had the highest student
usage during a term. We also recommended that the library consider the usage of visual capacity and
availability displays to inform library users of the current availability status. The results for Higgins
Laboratories indicated a need for an inventory management system. To fulfill this need, our team
recommended an inventory and parts ordering system that uses both an Excel spreadsheet and a google
form. Finally, for the Innovation Studio, the results displayed a need for improved methods to track space
and resource utilization. Thus, we recommended the implementation of an occupancy tracker. We also
recommended techniques such as collecting student feedback on the resources used during a term as well
as a training decision tree to help with issues they were experiencing. Overall, our research confirmed
phenomena of Industrial Engineering principles such as the Red Bead Experiment in which a system
operates only as well as the process allows, and the importance of approaching problems using Axiomatic
Design methodologies.
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Chapter 1: Introduction

1.1 Problem Statement and Rationale
On Worcester Polytechnic Institute’s(WPI’s) campus, current stakeholders may not be

aware of the inefficiencies affecting the workspaces they are provided. Which limits the
academic value of on-campus resources for students and faculty alike. These inefficiencies in
space utilization and workshop operational time hinders student learning potential which
decreases the quality and price value of the education provided by WPI. Our project focuses on
optimizing student interaction of an incoming experimentation lab in Higgins Laboratories, the
Innovation Studios, and Gordon Library including individual study areas, lab operations, tech
suites, inventory system, and other location-specific aspects.

From our preliminary observations and the team’s previous use of the Higgins basement
laboratories; including MQP lab space, robotics shops, and the Society of Automotive Engineer
(SAE) shops, before our interviews with faculty and students using the space, the customers of
the space seem to be students mainly in the Mechanical Engineering(ME), SAE, and Robotics
departments. The available workshop space is primarily used for project development and
hands-on machining opportunities for students. This space is currently not being used for any
classes throughout the day. The operational status of the space includes old MQP Labs, which
are being emptied of their equipment resulting in inefficient use of said space in addition to
pushing old/unused resources into the hallway. In addition, many potential available workspaces
are only being used as storage places for old projects and equipment. This limits the opportunity
for students to utilize the space, combined with the fact that many students do not even know that
these campus resources exist or they do not have the required training to operate the resources.

The Innovation Studios do not currently have any operational changes being made to the
spaces available to students this includes the prototyping labs, studio labs, 3D-Printers,
makerspace, and the active learning classroom. All of these resources are available to all current
students, though the space is mainly used by robotics students. From a preliminary observation
of the space, we have seen many issues with access to the resources available and students are
experiencing excessive wait times for using equipment, specifically the 3D printers. Many of the
bottlenecks involved in the 3D printing lab stem from an inefficient process and general machine
malfunctions. Many of these resources need to be used for class projects. However, students are
not able to get their projects completed in time due to the inefficiencies of the systems that are
currently in place.

Gordon Library is currently underway in a five-year plan to remodel its entire floor
space. This includes getting rid of many of its books and bookshelves to open up space to add
more seating and workspaces. They have a current model for the basement and the third floor
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that they would like to improve on before designing the space, while also wanting to develop a
model for the ground floor space. The library is aiming to better fit the needs of the students as
that is shifting from the need for physical resources such as books to the need for more study
space, access to computers, and space to work with groups on projects. Also, their goal is to have
as much input from students using the space as possible through surveys throughout this
academic school year as remodeling has already begun and will continue over the next couple of
years.

1.2 Project Goals and Objectives
Our goal for this project was to organize campus workspaces, improve the available

space, create a better and more efficient space for current students, and provide opportunities for
new students to use the resources. Using the following methods to achieve space optimization
best suited for the student experience;

● Student input Surveys
● Industrial Engineering Principles:

○ Axiomatic Design
○ Visual facility models
○ Engineering Economics
○ Management and Organizational tools

While these processes will look and function differently in each facility as the customers and
usage of each space differ, overall they will achieve the same goal of increasing efficiency and
opening up the resources to more customers, and limiting the difficulties found when using the
spaces.

1.3 Project Scope
The research conducted in this Major Qualifying Project (MQP) was non-sponsored and

campus-based. We focused on three campus locations to evaluate. As previously mentioned,
these locations are the Gordon Library, Higgins Laboratories, and Innovation Studio. Each of the
facilities has primary stakeholders, which are the students and faculty. Other secondary
stakeholders are current and prospect vendors, donors, and upper management committees
responsible for the spatial mapping and development of campus buildings.

Where the project group has decided to focus our research was decided based upon
customer needs and prioritizing the most used aspects of the space. For instance, the entire
library was under review for research in space optimization, whereas only the lowest floor in
Higgins Laboratories was researched for efficiency. This decision was made based on a
combination of conclusions of our axiomatic design, interviews with staff, and informal
conversations with students that use these spaces.
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1.4 Project Deliverables
● Library

○ Analyze models of floor plans (3rd floor and basement)
○ Student survey feedback
○ Axiomatic Design
○ Space Optimization Recommendations
○ Rational for floor plan suggestions

● Higgins
○ Axiomatic Design
○ Space Optimization Recommendations
○ Rational for floor plan suggestions
○ Potential Inventory System Design
○ Space Occupancy Recommendations

● Innovation
○ Axiomatic Design
○ Building Occupancy Recommendations
○ Potential Safety Training Decision Tree
○ Potential Student Feedback Designs
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Chapter 2: Background
For our MQP, our team decided to narrow our focus to three unique collaborative spaces

on campus. These spaces include Gordon Library, Higgins Laboratories, and the Innovation
Studio. A description of each collaborative space within this study will be discussed in this
section. To further analyze the unique elements, needs, and requirements of each facility we
decided to use axiomatic design methods. The definition, context, and purpose of axiomatic
design will be explored in this section. Lastly, we also implemented space optimization
techniques to aid with our assessments. The definition, context, and purpose of the techniques
used will be discussed in this section as well.

2.1 Overview of Three Case Study Collaborative Spaces
When selecting campus spaces as case studies in our research, our team wanted to select

collaborative spaces with diverse assets. This section will explore a description of the purpose
and dimensions of each collaborative space in our case study.

2.1.1 Operational Status of Gordon Library
Gordon Library is a four-floor building, parallel to Boynton St, on WPI’s campus.

Although this building has changed since its origin, its primary function remains the same: an
additional space for students to access resources to aid their education. Moreover, Gordon
Library houses the IT Service Desk, technologies (computers, scanners, printers), books, and
journals available digitally and in print, tech suites, conference rooms, seating, and archives.
These resources are spread throughout the four floors of the building. Additionally, each floor of
the library has a unique theme in purpose. The second floor of the library, or the primary
entrance, contains the library service desk as well as the IT service desk. This floor is designed to
be more collaborative and there are mainly collaborative seating options available (tech suites,
rectangular tables, and dogbone tables). As expected, this floor is usually the loudest since it has
the primary entrance and is primarily designed for collaboration. By contrast, the first floor, also
called the “quiet floor”, right below, is designed for individual work. This floor houses
bookshelves, a reflection space, and has individual seating. The basement, right beneath the first
floor, is more similar to the second floor of the library. Classes are temporarily being held in a
section of this floor, due to renovations on Kaven Hall, and the remainder of the floor is occupied
by archives on bookshelves and collaborative seating. Lastly, the third floor is a combination of
the lower floors. On this floor, a row of individual seats aligns one side of the floor, the
remainder of the seating is collaborative, as well as housing bookshelves and computer spaces.

At present, the library collects data on its occupancy and capacity. This is done using door
sensors that count and track the number of people entering and exiting the building, and by using
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software to monitor the usage of the tech suites. Gordon Library also frequently publishes
surveys seeking student feedback on improving the resources within the library.

2.1.1.1 Past Research in Space Optimization of Gordon Library

The focus on applying Industrial Engineering principles to Gordon Library is a
continuation of a project titled, “Recommendation Report for Optimizing Individual Study and
Collaborative Spaces on Gordon Library’s Third Floor”. This project, advised by Kevin Lewis,
was started and finished during the fall semester of 2019 by Kaelyn Hicks (‘22) and Paul
Pacheco (‘22). The purpose of this project was to compose a recommendation report supported
by statistical data to improve the optimization on the third floor of Gordon Library [19]. Through
surveys and data analysis, this project highlighted an overall student need for more individual
and collaborative seating [19]. Additionally, this project focused on finding ways to
accommodate the needs for both quiet and collaborative spaces with additional resources, such as
sound masking and dividers [19]. Kaelyn primarily focused on the derivation of the surveys,
analysis of data, and development of 3D renderings for recommended floor plan layouts [19].
Paul focused on incorporating human factors and psychological applications, such as optimal
lighting and seat position, to the selection of potential furniture options [19]. The end
deliverables for this project were a detailed recommendation report that included a catalog of
recommended furniture, access to survey data, and 3D renderings, and a rationale for the floor
plan suggestions.

After assessing the team’s recommendation report, Gordon Library Operations Manager
Diane Begreen and University Librarian Anna Gold implemented some of Kaelyn and Paul’s
suggestions into the current design of the library (as of Fall 2021). The prime implementation of
Kaelyn and Paul’s work in the current design of the library is displayed in the seating. At present,
there are now tables with outlets and the capability for monitor attachment aligning the walls on
the third floor of the Gordon Library. This adjustment reflects the suggestion made by the project
team to recreate tech suites in the collaborative spaces since a tech suite is normally composed of
a table and a monitor. The rationale for this suggestion was to maximize the usage of the tables
for collaboration while reducing the bottlenecks with availability for reserved tech suites.

2.1.2 Operational Status of Higgins Laboratories
Higgins Laboratories is a three-story building adjacent to the Innovation Studio. Higgins

Laboratories houses the Department of Mechanical Engineering (ME) professor’s offices,
classrooms, labs for the departments of Mechanical and Aerospace Engineering, an art design
studio, a low-speed wind tunnel, laser holography, manufacturing, computer-aided engineering
labs, and fluid and thermal dynamics processes[27]. Extracurricular organizations such as WPI’s
chapter for the Society of Automotive Engineers (SAE) utilize the workspace on the lowest floor
of the building. This floor also contains some offices for robotics faculty.
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Our project focuses on the basement of this faculty, a space used mainly for student
projects and club activities. The space has multiple labs used by SAE, ME, robotics, and
graduate students with a large amount of this workspace being taken up due to storage issues
from current and past Major Qualifying Project’s (MQPs) equipment[27, 29]. Currently, one of
these MQP workspaces has been cleared out and the space is being redesigned into an
experimentation lab where the goal of this space is to have equipment that can be moved out of
this space into classrooms for demonstrations, classes can go into the room for demonstrations,
and outside of class hours, students can freely use this workspace for different projects[27, 29].

2.1.2.1 Past Research in Space Optimization of Higgins Laboratories

There have been multiple attempts by other research projects, students, and staff to
change the space and make the space easier to use and more accessible for students. Though, due
to budgeting, and many different departments struggling with ownership of the space these
projects usually do not result in any change[29]. Every department that has a space in Higgins
Laboratory basement is trying to expand as the student population grows and the budget shrinks
while new space is not added. Student groups such as SAE have had to move much of their
equipment and workspace into off-campus locations for them to have the proper workspace[29].

One of the main projects attempted over the last couple of years has been the creation of
an inventory system as a way to handle the facility's inventory and storage problems[Sal]. This
project falls on the professors and project advisors that do not have the time to dedicate to a
project of this scale. There are at least three separate locations dedicated to the storage of past
projects and equipment causing both students and faculty not to be aware of the resources
available[27, 29]. This results in a lot of duplicate equipment being purchased which is a waste
of budget, time, and space. In development is a new experimental lab; there are no current floor
plans for how the space will work, let alone applying Industrial Engineering principles to the
space for it to function optimally[27, 29]. Due to a combination of budget and management
issues no current space efficiency projects are being worked on to help the issues or future
projects found in Higgins[27].

2.1.3 Operational Status of Innovation Studio
The Innovation Studio is a collaborative workspace centrally located on WPI’s campus.

This building houses a makerspace, a 3D printing lab, tech suites, classrooms for interactive
instruction, tables for collaboration, and a long set of searchable stairs. Moreover, the Innovation
Studio is typically louder than other workspaces, since it was designed to be a collaborative
space and is also used as a cut-through for students to walk from one side of campus to the other.
During the day, classes are held within the building, and the door to the robotics lab is often
opened.
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2.1.3.1 Past Research in Space Optimization of Innovation Studio

The Innovation Studio does not track the occupancy or capacity by collecting data on the
number of people entering and exiting the building[2]. There is currently a student-run project
that is making efforts to add an occupancy tracking system into the faculty, but this project is still
in the very early stages of development and will likely not be completed in the near future[2].
The Innovation Studios acts as a selling point for prospective WPI students, and it is shown to be
a high-tech collaborative space to cultivate new ideas with hands-on projects and asks as a
showcase for many great projects created at WPI. Due to this, the Innovation Studios is a major
stopping point on tours for these prospective students, investors, and other campus visitors[2].

2.2 Introduction to Axiomatic Design
Axiomatic Design (AD) is an approach to problem-solving that focuses on finding the

best way to solve a problem by analyzing the customer needs, and using these needs to determine
the functional requirements, design parameters, and process variables [Suh]. Created by Suh in
the 1990s and adopted as a widely used design theory, its applications can range from
mechanical or software design to manufacturing processes[Suh]. Using a mapping framework
that includes identification of customer attributes (CAs), functional requirements (FRs), design
parameters (DPs), to produce process variables (PVs) for the process domain [13].

Figure 1: Axiomatic Design

Here, customer needs are defined as the desires of the stakeholders, the needs that drive
them to use a space or product in a certain way. These needs are then used to help identify the
FRs, the set of requirements for the system that aligns with the design goals of a system. The
relationships between FRs and the DPs are then shown in a design matrix and analyzed to
identify fundamental issues after being manually identified and labeled. One goal of the analysis
is to decouple as many FRs as possible, coupling exists when one DP varies and it affects more
than one FR, creating the Independence Axiom where the independence of the FRs must always
be maintained [9]. Another goal is that after determining the independent axiom, the design with
the smallest amount of information content is determined, and creates an Information Axiom [9].



13

The Information Axiom and the Independent Axiom worked together to achieve an overall goal
of creating a basis for the design and improving the system to be simplified and efficient. When
the axiomatic design is done properly this results in the proper problem definition so the correct
and most important issues with the system are identified. Starting with correct problem definition
means every change meant to fix the space will be targeted correctly and this will find long-term
solutions for the space.

2.3 Space Optimization Techniques
Space optimization techniques are used to ensure that facilities are designed to effectively

fulfill their purpose by having a layout that produces a logical flow between and within various
departments. The process to make this possible often involves Systematic Layout Planning
(SLP). SLP takes the inputs, flow of materials, and activity relationships to form a relationship
diagram. This relationship diagram is then assessed for its space requirements and available
space to determine a space relationship diagram. Once constraints are modified and practical
limitations are assessed, layout alternatives can be developed and evaluated. Layout alternatives
can be developed using a variety of tools, such as Relationship Charts(REL), rank order
clustering, and improved algorithms.

2.3.3 Engineering Economics
Engineering economics uses mathematical methods and logic throughout many different

industries including project development, design, and manufacturing systems. This method can
be used as a justification for decision making within these industries. Decisions such as choosing
a supplier, production styles, design styles, or understanding the impact costs throughout a
system can have on other factors within the system. Some economic tools that are used in the
decision making process include cost analysis, time-value of money analysis, mathematical
modeling, and taking into account external costs and unexpected costs of production[25].
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Chapter 3: Methods
For our Major Qualifying Project (MQP) our team used a variety of scientific and

statistical tools to obtain our data. For each building our research focused on, our first step was to
interview the staff associated with each respective facility. This step was paramount since the
development of an axiomatic design matrix is dependent on a thorough and accurate
understanding of what the customer needs as well as the functional requirements of a system.
Following the interviews with faculty from each facility, we were able to use this information
and other sources of information to determine the customer needs as well as the functional
requirements. In the upcoming sections, we will discuss how we used interviews and other
sources to determine the CNS and FRs for Gordon Library, Higgins Laboratories, and the
Innovation Studio.

3.1 Gordon Library - Methods

3.1.1 Interviews with Gordon Library Faculty
During our interview with the Operations Manager and Sustainability Coordinator, as

well as the University Librarian, we were given a walkthrough of the library and were updated
on the changes that had occurred since the conclusion of the “Recommendation Report for
Optimizing Individual Study and Collaborative Spaces on Gordon Library’s Third Floor” project.
We were also given access to Gordon Library’s five-year plan of renovation, drawing of potential
floorplan changes, and access to both Libcal and Sensource Data. Libcal is the software that
Gordon Library and other facilities on campus use to track the usage of reservation spaces on
campus. Sensource is the software that works with the sensors that Gordon Library uses to track
the building’s occupancy status in real-time. Both of these software platforms were useful for
analyzing the current state and developing our recommendations.

3.1.2 Determining CNs and FRs for Gordon Library
We used two main sources to determine the customer needs and functional requirements

for Gordon Library. The first source came from the library staff during our interviews with the
staff. We discussed in depth their goals for the space and how the space is currently used. Their
knowledge comes from years of observing student activity, current research being done on the
future of libraries, their space occupancy data, as well as the past surveys they have done on the
student population. Most of the goals for the future of the library have been written out within
their five-year plan document which they provided to the team, this document is the five-year
plan they have proposed to the school that breaks down for each of the next five years what the
library is planning to change, why they believe it needs to change and the financial analysis of
implementing all of theses changes. Combining the ideas of the library staff and what they
believe are the customer needs with our team's more current survey data that was collected and
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the unique perspective of the student that as a team we were able to provide we determined what
we believe to be the customer needs and functional requirements of the space.

3.1.3 Distributing & Analyzing Survey for Gordon Library
To assess the space allocation for Gordon Library, our team created a survey using

Google Forms to obtain student feedback. We decided to use a survey because Gordon Library
has historically had success when using surveys to address customer needs. Our main points of
interest in this survey were to collect data on why the students were using the space, the amount
of time they spent using the space, as well as details on any barriers, such as availability, that
prevented them from using the respective spaces in our case study. We then decided to use the
data from these to hit two main objectives: additional insight on student needs and support for
the development of our recommendations.

The survey consisted of nine questions pertaining to Gordon Library. The survey was
distributed through a Facebook Post on a class page, library staff, and the program director for
WPI’s business school. Members of our team also distributed the survey to our peers via aliases
for our respective organizations.

Although the Google Survey platform included surveys to summarize the responses, our
team created additional charts to capture certain elements of the data important to our
recommendations. These three additional charts included a frequency chart as well as two bar
graphs depicting probabilities of resource usage. These charts will be explained more in detail in
the results section.

3.2 Higgins Laboratories - Methods

3.2.1 Interviews with Higgins Laboratories Faculty
Two initial interviews were held with faculty from Higgins Laboratories. The first

meeting was held with a professor in the Mechanical Engineering Department. The structure for
the interview was primarily open ended to allow the professor to highlight the most important
needs and functionality of the building. During this interview we walked around the basement
floor of Higgins as we were explained the purpose of and utilization of each room[29].
Following this interview we were put in contact with another professor that works with students
in the MQP lab[29].

The second interview was conducted with an Associate Teaching Professor in the
Mechanical Engineering Department. During this interview we were shown two important
spaces: the MQP lab and an open room intended to be filled with moveable machines for student
usage. According to this Professor these were two of the most important spaces within Higgins
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basement the goal of both spaces is to promote hands-on collaborative work specifically targeted
at mechanical engineering undergraduate students[27]. Both of these interviewees wanted the
team to understand that there is very limited space available to the growing mechanical
engineering department. The spaces are constantly changing ownership and while the mechanical
engineering department attempts to keep these spaces to themselves most of the time they get
split up between different departments[27, 29].

Due to this fact and many other contributing factors the ME department just like many
other departments on WPIs campus are split between many different buildings causing inventory
issues[27, 29]. When told of the inventory issues they have and how professors and other
projects attempting to solve this inventory issue have not been successful we offered to have our
team have an attempt at this problem. Both interviewees as well as another ME professor that
was present seemed to be in full support of this idea[27, 29].

3.2.2 Determining CNs and FRs for Higgins Laboratories
When determining the customer needs and functional requirements for Higgins

Laboratories we decided to focus on one part of the space as this is the part that would be
changed the most. The new engineering experimentation lab that is going to be in this location is
getting designed from the ground up and we hope that with our axiomatic design break down
when designing this space the most important needs will be reached and after the space is
designed few changes will have to be made. Using the information on the space provided by both
interviewees, our understanding and analysis of the empty space, combined with student
perspective, the CNs and FRs of the potential experimentation lab were determined.

3.3 Innovation Studio - Methods

3.3.1 Interviews with the Innovation Studio Faculty
The team held an interview with the Makerspace Advanced Technology and Prototyping

Specialist to gain more of an understanding of the operations of the Innovations Studios . As the
makerspace is the largest collaborative working space within the Innovation studios, the team
believed this interviewee would have the best understanding on how the facility functions and
the improvements it might need. The interviewee informed us of changes that have been made in
the recent years due to COVID-19 including the reduction of the number of tables to allow for
physical distancing, an increased use of their reservation system for collaborative space, and
converting a conference space to a student study space[2]. They were also able to highlight some
of the issues that the space has, some issues were previously identified by the team due to the
team's student experience within the space while others were new to the team.[2]
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Issues with the 3D Printers lab were identified based on the team's student experience at
WPI and informal interviews and conversations with students and confirmed by the interviewee.
The 3D printers are run by student workers and due to their high demand, long running time, and
the problems that can occur when running the machines there is often a major backlog for the
final products[2]. This fact causes problems for students as many of them are using the machines
for class projects that have strict deadlines they need to meet. Other issues the interviewee
discussed were the schools safety certification and training programs, there are many machines
available for the entire student population to use in not just the Innovation Studios, but other
campus locations including Higgins Laboratory and the Washburn Shops[2]. While many of the
types of machines and training needed overlap for these places the interviewee pointed out gaps
in the training because the actual type of training differs, where to get the training, and what
machines each training allows a student to use[2]. This can cause many students to get confused
on what machines they are allowed to use, faculty to be confused on if the students have been
trained or not, and causes students to have to repeat very similar training sessions. The
interviewee has suggested working with the other spaces to develop training that is more
efficient for the student though there has been a lack of communication and this effort has not
moved forward[2].

The effect of WPI’s campus culture on student spaces has been a frequently broached
topic in most of the team’s interviews including our interview with faculty at the Innovation
Studio[2]. The team suggested ideas such as moving some equipment around or out of the space
to maybe help with the bottlenecking of space constraint issues the Innovation Studios sees and
when this was discussed we were told the school would not let that happen[2]. As the Innovation
Studio is used as a showcase for collaborative work and innovative technology, moving any of
the equipment around might change what the building was partially intended for: large windows
allowing passersby to see directly into the working space.[2] So moving any of the equipment
might change that and make the space look not as attractive to anyone outside the school.
Another cultural issue that was discussed was customer feedback on the space while the
Innovation Studios does have forms online and a suggestions box it is not advertised for a well
used system so the space receives little to no feedback[2].

3.3.2 Determining CNs and FRs for the Innovation Studio
From the team's discussion with their interviewee and the understanding of the current

layout and uses of the space the customer needs and functional requirements were developed.
They were developed with the goal of increasing overall workspace and availability of the space
to WPI’s student population. This included not just ideas of space efficiency, but with the
knowledge of their current issues in mind so also reference was the space’s equipment training
requirements and the current space reservation systems.
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Chapter 4: Results
Using the aforementioned methods, our MQP team gathered and analyzed data based on

each of the spaces to develop the following results. Axiomatic design methods and an analysis of
the culture were used for all the spaces and other individual methods for each space were used.
For Gordon Library this included an analysis of survey data, applying and further developing
past operational research done on the space, and doing an economic analysis on changes made to
the space. Higgins Laboratory included follow up interviews done for the development of an
inventory list. While the team hoped there could be a greater analysis done on the Innovation
Studios we were unable to keep in contact with employees and obtain the level of data needed
for an appropriate analysis.

4.1 Gordon Library - Results

4.1.1 Gordon Library Axiomatic Design Decomposition & Matrix Analysis
Our Axiomatic Design Decomposition for the library consisted of four main functional

requirements and four corresponding design parameters. The four main function requirements for
the library were to:

● Optimize student seating space and accessibility of Gordon Library
● Minimize services oversight
● Increase library seating space
● Manage the quality of seating space

The first requirement contained four sub-functional requirements intended to support the
development of the main requirement. These sub functional requirements included:

● Determining which rooms were critical control points
● Determining services that are critical to students
● Evaluating tech suite utilization data in Gordon Library
● Collect service accessibility data from students
● Collect occupancy data for library spaces

As shown by the aforementioned sub-functional requirements, understanding the current
utilization of Gordon Library’s resources was essential to later identifying bottlenecks and
potential inefficiencies in the system. The corresponding design parameters to these sub
requirements were developed by analyzing Sensource Data, the library’s occupancy tracker, as
well as Libcal data, the library’s tracker for tech suite usage. To confirm that the students were
able to access these resources we used the data from our own survey as well as past surveys. The
results of the survey we distributed will be discussed in section 4.1.2

The second requirement contained three sub-functional requirements. These three
requirements included:
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● Automate tech-suite reservation data collection and interpretation system
● Automate tech suite reservation system
● Automate library occupancy data collection and interpretation system

These sub requirements focused on increasing system efficiency with automation. In addition to
increasing efficiency these sub requirements were intended to increase the accuracy in obtaining
system functionality to evaluate the system’s performance. The corresponding design parameters
to these sub FRs were Libcal, WPI card access, and the people counter/video sensor.

The third requirement contained five sub functional requirements. These sub functional
requirements include:

● Create and maintain a clean and orderly working environment
● Remove unnecessary physical items from hallways and rooms
● Prevent under usage of library seating space
● Evaluate headcount library data
● Achieve one piece flow with tech suite utilization

The corresponding design parameters to these sub functional requirements were
● Physical & digital instruction signs regarding workplace cleanup
● Unused tech suite reservation space
● Instructional signs that mandate the minimum amount of people required
● Excel and graphing software
● Key card reader integrated with Libcal

Additionally, these design parameters were developed to ensure that the seating space is being
increased from the top down. Once the seating space is designed more efficiently, it is important
to make sure that the space is being used for its intended purpose. An example of this concerns
the creation of instructional signs that mandate the minimum amount of people required. Kaelyn
and Paul’s report highlighted a pattern of one student solely occupying a table intended for a
group. This behavior automatically reduces the original seating space at this table because
students are less likely to sit at a group table with an individual using this table for individual
study. Thus, this action can reduce a table that originally seats 8 to just 1, making all efficiency
efforts obsolete.

The final functional requirement for the library had three sub functional requirements.
These requirements include:

● Reduce noise in library spaces
● Redesign furniture selection and layout
● Increase number of power outlets and USB charging ports

The corresponding design parameters for these requirements included:
● Soundproof padding for tech suites and ceilings
● Modern furnishings
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● More usb and power outlets
These design parameters were meant to supplement the creation of a quality space by focusing
on student defined attributes that make a space ideal for studying. This decomposion is shown in
figure 2, using Acclaro software.

Figure 2: Gordon Library FR-DP Decomposition

4.1.1.1 Coupling Matrix

The resulting design matrix represents a best case “uncoupled” scenario in which each
design parameter only influences one functional requirement. In this “uncoupled” scenario, any
order of adjustment works equally well. However, this iteration of our design matrix does not
accurately represent interactions or “coupling” between different design parameters and
functional requirements. Interactions, based on information gathered during interviews, were
then added to our design matrix and then decomposed utiling Acclaro’s built in decomposition
function. The result is a “decoupled” design matrix that includes interactions with a singular,
optimal order of adjustments, shown in figure 3. According to our final design matrix, the
optimal order of design parameter adjustments for Gordon library is as follows:

● Student survey regarding Gordon Library (Floor & Room utilization by total student
population)

● Student survey regarding Gordon Library (Service utilization by total student population)
● Gordon Library student population headcounts by faculty
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● Student survey regarding Gordon Library (Space utilization by total student population)
● Libcal
● Physical & Digital instructional signs regarding workspace cleanup & maintenance
● Unused techsuite reservation space

Figure 3: Gordon Library Axiomatic Design Matrix

4.1.2 Survey Data Analysis
Our survey received 91 responses. The highest number of responses came from the

classes of 2024 and 2022.

40.7% of students indicated that they prefer to go to the third floor as a response to a
question asking which floor they prefer to go to when visiting the library. The second most
popular choice was the first floor with 24.2% of students preferring to work on this floor, and the
basement was favored by 22% of students. The least preferred floor was the second floor, with
13% of students indicating that they tend to visit this floor most often. The pie chart in figure 4
displays the aforementioned data.
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Figure 4: Library Survey Floor Pie Chart

Students were prompted to explain why they chose the particular floor they selected in
the first question. Since the free response questions varied in descriptors, length, and reasons, our
team categorized the responses into key phrases to see the most common attributes that made a
floor more appealing to students. These attributes were space, volume, collaboration,
convenience, environment, focus, and resources. A response was categorized as a space attribute
if it had key words and phrases such as “space”, “spacious”, “more”, or “big enough”. Responses
that fell under the volume category contained words such as “quiet”, “loud”, or “noise”.
Similarly, responses relating to collaboration attributes referenced words like “team”, “group” or
“collaborate”. Some responses fell into the category of convenience, with students mentioning
that they mainly visited a floor because it was the “easiest” or most “convenient” floor to visit at
that time. Environmental attributes in a response indicated that certain elements of a floor’s
resources such as “comfort” or “lighting” influenced the floor’s appeal. Other responses
indicated that their selection of floors is dependent on their ability to “focus” or “get work done”.
Finally, responses that highlighted that a floor’s resources made it appealing mentioned specific
resources, such as “computers”, “white boards”, “tables”, “outlets”, or “tech suites”. To account
for all data, some responses were double counted since they highlighted multiple attributes.

The data showed that volume is the leading factor that prompts students to work on a
particular floor. 36 responses mentioned volume. The majority of students in this category
mentioned that they prefer a quiet floor for working or that they “don’t mind the noise” because
they want to be able to “talk”. The second leading factor that made a floor more appealing,
according to the data, was space, which accounted for 20 responses. Some responses in this
category indicated that students prefer an “open space”, “lots of tables”, the ability to “spread
your work”,  and “multiple seats”. Resources was the third most popular attribute. 17 responses
in this category mentioned that students want to be closer to resources such as “computers”,
“printners”, “outlets”, and/or “tech suites”. The attribute that was the least important in selecting
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a floor, according to the data, was focus. Only 5 responses mentioned the ability to focus as an
important attribute to a floor. The frequency chart in figure 5 references the full distribution of
data.

Frequency of Attributes Mentioned in Survey’s Short Answer Section

Attribute Number of Responses (Frequency)

Volume 36

Space 20

Resources 17

Collaboration 16

Convenience 6

Environment 6

Focus 5

Figure 5: Frequency of Attributes

The next question on the survey asked  how many times on average do students use the
tech suites, individual desks, “Dogbone” tables, rectangular tables, and technology during a term.
Students were prompted to select if they never use a resource, use it 1-5 times, or more than five
times during a term. Students were most likely to use the rectangular tables and individual desks
more than five times in a term, in coherence with the data. On the other hand, students were most
likely to never use the “Dogbone” tables more than five times in a term. Additionally,
“Dogbone” tables had the highest number of responses (47) in the category of students saying
that they never use the resource in a term. Rectangular tables, tech suites, and the computers
were the most common resources to be used 1-5 times during a term. Figure 6 displays the
aforementioned data
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Figure 6: Library Survey Bar Chart

Since our team was most interested in the utilization efficiency of resources in the library,
we further analyzed the data to see which resources are being used the most and least frequently
compared to the total number of responses chosen for each category. There were 149 responses
in the never category, 208 in the 1-5 category, and 81 in the more than 5 times category. The
number that each resource had in the aforementioned categories was divided by the total number
of resources in a category, so the representation a specific resource had in a category could be
represented as a percent. We separated the analysis into the chances that a resource had of never
being utilized as well as a chart comparing the chance that a resource had of being utilized 1-5
and more than 5 times during a term.

After analyzing the 149 responses that indicated a particular resource was never used, we
were able to draw a major conclusion. From the data, we observed that the Dog Bone Tables
have the highest chance of not being used during a term, whereas the rectangular tables have the
lowest chance of not being used in a term.  This alone does not mean that the Dog Bone tables
are not needed; however, it does highlight that this resource may not be as essential to students as
the rectangular tables. The tech suites as well as the computers, printers, and scanners, had an
equal chance of not being used, and the . With these trends from this data set, we can observe
that the resources arranged from most to least essential are the rectangular tables, individual
desks, and the Dog Bone tables. The tech suites, computers, printers, and scanners, could be
arranged in any order following the individual desks since these resources had equal percentages.
Figure 7 displays this data by graphing the chance that a resource has of never being used in a
term.
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Figure 7: Library Survey Under Utilization Chart

208 responses were received in the category for using a resource 1-5 times during a term.
Out of these 208 responses, tech suites, rectangular tables, and computers, printers, and scanners
had the highest chance of being utilized 1-5 times during a term. The resource that had the lowest
chance of being used 1-5 times a term was the Dog Bone Tables. This data, represented by figure
8 displays that the Dog Bone tables are the least essential in this category as well.

Figure 8: Library Survey Resource Utilization Chart 1
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81 responses were received in the category for using a resource more than 5 times in a
term. The resource that had the highest chance of being used more than 5 times in a term was the
individual desks, with a chance of 33% utilization. The rectangular tables had the second highest
chance of being used more than five times a term, with a percent utilization of 31%. The
resource that had the lowest chance of utilization 1-5 times a term was the Dog Bone tables.

To make an overall assessment of the utilization of resources during a term, we summed
the percentages each resource had from the categories of utilization 1-5 times during a term and
more than 5 times a term. This new analysis took the cumulative percentages for each resource
into account to see the chance that a resource had of being used at least once during a term. As
expected, these results supported the previous findings from the smaller percent utilization
comparisons, and made the utilization comparisons more apparent. From this data, the
rectangular tables had the highest chance of being used at least once during a term, with a
percent utilization of 54%. The percentage utilization for the individual desks . Figure 9
summarizes the aforementioned data.

Figure 9: Library Survey Resource Utilization Chart 2

The next question on the survey focused on student’s reasons for being in the library. Of
the options given, the top reasons students chose to visit the library were due to collaborating and
completing work individually. These reasons support our earlier findings of the rectangular
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tables and individual desks being the most utilized resources. Here, collaboration is also the main
reason students visit the library. Figure 10 shows the common reason why students were using
the space in the library. The main reasons for students using the library were very obvious.
Students were mainly using the library to do work on their own or work with a group. Not many
students were using the library space other than those reasons. The figure shows that a lot of the
space is being underutilized due to

Figure 10: Library Survey Space Usage Pie Chart

4.1.3 Key Findings from Past Research in Gordon Library

4.1.3.1 2018 Initial Gordon Library Report

In 2018 Gordon Library produced a report intended to obtain feedback on how and why
students use the library. Additionally, this report was developed to gather information on what
students believe the library is doing well, areas of improvement, and student priorities on space,
services, and resource utilization. This survey was distributed in D term of 2018 (March - May)
using Qualtrics. 958 students participated in this survey. For our research, we were primarily
interested in the data focused on building usage, student priorities for the library’s improvements,
and students’ feelings toward the library.

Our first area of focus was building usage. In the report, students were prompted to
indicate the frequency at which they visit the library. The options were “weekly”, “monthly”, or
“rarely/never”. 956 students responded to this question, with 78.77% of students visiting the
library weekly, 12.03% of students visiting the library monthly, and the remaining 9.21% of
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students rarely or never visiting the library. Here, we can see that a large majority of students
visit the library weekly. Another question in the report prompted students to indicate if and how
they use a variety of spaces in the library. The results from the report indicated that the tech
suites, the FLIP space (on the third floor of Gordon Library), and the quiet floor were the
destinations for students who intended to study in Gordon Library. The Fellman Dickens
Reading Room, the Multimedia Lab, and the Library cafe, on the other hand, were the top
resources that were not used. Figure 11 shows the full data for resource usage from the report.

Figure 11: Resource Usage Data

Our second area of focus from Gordon Library’s 2018 Report was the student priorities
for the library’s improvements. The survey provided students with a list of 12 potential
improvements to the library facility. Students were asked to indicate how important the potential
improvement was to them by selecting “important’ or “very important”. In accordance with the
report’s results, the top five choices that students considered important were more “power
outlets” (56%), “more tech suites” (47%), “more group study spaces'' (47%),  and “more
individual study spaces” (40%). “More soft seating” and “more/better whiteboards”' were tied
with 39% respectively. Similarly, the survey prompted students to answer the free text response
question: “what is the top change Gordon Library could make to better suit your needs?” In
accordance with the report, of the 648 students who answered this question, 396 students
discussed the lack of space or their desire for more space. More specifically, responses that
centered on space mentioned “more group space” (80), “more tables” (73), more seating overall
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(60), “more individual study spaces”, “more cubicles” (22),  and “more workspace in general”
(22).

Our final area focus from Gordon Library’s 2018 report was on students' feelings about
the library. The survey prompted students to choose five words from a list that best described
Gordon Library. In coherence with the survey, the top five words selected included “welcome”
(639), “safe” (598), “calm”(582), “satisfied” (548), and “relaxed” (528).

4.1.3.2 2019 Student Recommendation Report

As discussed in section 3, our team analyzed the findings from a 2019 student report
titled “Recommendation Report for Optimizing Individual Study and Collaborative Space on
Gordon Library’s Third Floor.” Although the report, developed by Kaelyn Hicks and Paul
Pacheco, primarily focused on the third floor of the library, we were able to retrieve information
that paralleled the methods used in our own study.

The first finding concerned volume. Hicks and Pacheco’s report found that the majority
of students (68%) who participated in the study preferred a “somewhat conversational”
environment while studying. 27% of students preferred a “completely silent” environment and
4.5% of students highlighted that they prefer a “conversational” environment while studying. A
similar question, in the report, asked students the volume that they prefer when collaborating.
The three options available were “slightly noisy”, “somewhat conversational”, and
“conversational’. 68% of students highlighted that they prefer a “conversational” environment,
31.5% preferred a “somewhat conversational” environment, and 7.2% of respondents highlighted
that they prefer a “slightly noisy” environment. Thus, the trends from this finding revealed that
the majority of students prefer a “somewhat conversational” environment while studying and a
“conversational” environment while collaborating.

The second area of focus was on space utilization. The survey in the report asked students
to select “yes” if they were happy with the workspace on the third floor of the library, or “no” if
they weren’t happy. 49.5% of students selected “yes” and 50.5% of students selected “no”.
Students who selected yes were invited to share features of the third floor that they liked. Of the
55 students who selected “yes”, 45 students provided short answers discussing aspects that they
liked about the third floor. The main topics that were mentioned in the survey were tables,
whiteboards, volume, and computers. Figure 12 displays a chart from the report that displays the
frequency of key resources mentioned in the short responses of students who selected “yes”.



30

Figure 12: Library Survey Frequency Resources Mentioned

On the other hand, students who selected that they were not happy with the workspace on the
third floor were invited to suggest ways to improve their experience while working on the third
floor. Of the 56 students who selected “no”, 53 students provided short responses prompting
improvements. The majority of responses in this category highlighted a desire for “more
tables/seating”, improvements to “space/organization” and “computers/technology”. Figure 13
displays the improvements that were most frequently mentioned by students who selected “no”.

Figure 13: Library Survey Improvement Mentioned

4.1.4 Engineering Economics
In order to provide a justification to Gordon Library’s five-year plan renovation costs we

provided an engineering economic analysis based on student and renovation costs. Based on
WPI’s website, each student pays WPI approximately $31,432 in tuition and another $10,450 in
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living/school supply expenses each year. According to a standard course load for a student, 6
classes per term, along with the expected study hours; WPI believes a student should be putting
in a student on average spends 5712 hours either in class or working on class material per year.
This equates to a value of approximately $7.33 per hour of study time for each student to be at
WPI.

According to the Gordon Library’s five-year plan, there is a proposed expansion to the
capacity in the library. The primary goal of said expansion is to add 230 seats to the library at an
estimated cost of $2,273,000. In a cost/benefit analysis of this expansion, the value of a student's
time is equated to the value of each additional chair being added per hour. Under the assumption
that if a student is spending time in a study space such as the library the profit of the student is
going to that study space.

230 𝑠𝑒𝑎𝑡𝑠 *  $7. 33/ℎ𝑜𝑢𝑟 =  $1686/ℎ𝑜𝑢𝑟 
18 ℎ𝑜𝑢𝑟𝑠 *  $1686/ℎ𝑜𝑢𝑟 =  $30349/𝑤𝑒𝑒𝑘𝑑𝑎𝑦
17 ℎ𝑜𝑢𝑟𝑠 *  $1686/ℎ𝑜𝑢𝑟 =  $28663/𝑤𝑒𝑒𝑘𝑒𝑛𝑑 𝑑𝑎𝑦

* 2 = $209071/week $30349/𝑤𝑒𝑒𝑘𝑑𝑎𝑦 * 5 +  $28663/𝑤𝑒𝑒𝑘𝑒𝑛𝑑 𝑑𝑎𝑦

Based on the above equations each week there is a total added benefit of $209,071,
meaning that if the library’s added sections are always at full capacity the total time to pay off
the initial investment is about 11 weeks. For a more accurate representation of a break even point
for the library we calculated if throughout the week there was only an average of 25% of the
added seats being used with an inflation rate added each month of 2% to represent the increasing
cost of tuition which in turn increases the value of a student's time. Assuming only 25% of the
seats are being used, then the total time to pay off the initial investment is 43.49 school weeks,
just about 11 months, shown in figure 14.

A breakeven chart is used to compare the cost of an investment to the earnings based on
the investment over time, with the earnings over time changing based on an inflation rate that the
real-world problem would be facing. Representing over time how the investment will be paid off,
therefore helping to make decisions on if investments would be worth it, if the increased
profit/efficiency is worth the cost of changing or adding the improvements. In Gordon Library’s
cases as discussed above, this is represented by the value of a student’s time being the added
profit and the cost of the renovations being made as the investment. Under these assumptions the
cost of renovations seems worth it for the added value as the renovations according to the library
will happen over five years and take less than a year to pay off, a added value that they will
continuously benefit from for many years that will also benefit the student experience
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.

Figure 14: Break Even Analysis

4.1.5 Culture Analysis
Gordon Library’s workers have always had a culture of continuous improvement as they

are a student oriented space working to change with the times and provide the resources students
need. Shown in another interview the team conducted with a past WPI library employee, who
told the team of past improvements made to WPI’s library including the development of the
current model of the tech suites which are now used around WPI’s entire campus[27]. Due to this
fact and the libraries already in progress efforts to make changes to the space the staff that the
team was in contact with was more than willing to continue meeting with us throughout our
project and willing to provide data and take feedback on any current plans they had. The changes
the library has and will continue to make have always been focused on the students, their
customers, which is why many of their changes work and are executed properly[16]. These
changes are focused in how the space is designed, the technology that is being added into the
space and the filtering out of old and unused resources such as journals that have become more
available digitally so there is less of a need for the physical resources. All of these changes align
with needs shown in the axiomatic design decomposition the team did which were mainly based
on student survey data showing that the library has functional requirements and customer needs
driving their changes.
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4.2 Higgins Laboratories - Results

4.2.1 Higgins Laboratories Axiomatic Design Decomposition & Matrix Analysis
Our axiomatic design for the Higgins Laboratory was based around a singular lab room.

Our top-level functional requirement (FR0), was to create a dynamic floor plan. This top-level
FR consisted of 7 other upper-level functional requirements:

● FR1 Determine critical equipment restraints
● FR2 Create a clean and orderly working environment
● FR3 Prevent under usage of physical workshop/lab spaces
● FR4 Create room for project workspaces
● FR5 Create clear, clean paths within the room using the minimum space required for

moving equipment
● FR6 Create an Inventory System
● FR7 Achieve One-Piece Flow with workshop and lab space (students = product).

Figure 15:Higgins Laboratories FR-DP Decomposition Tree

We based our functional requirements and design parameters around the fact that we were only
given a small lab space to work with and redesign, the relationship of FRs to DPs are shown in
figure 15 the decomposition tree. The parameters and key details behind running an efficient lab
space were addressed in the axiomatic design. A big issue with the lab space in Higgins was that
there was no clear functionality or flow to the system. A lot of the time students using the space
would not log their time in the room. Ledding to a lot of confusion between students regarding
when the actual lab space was open and free to use.

While we wanted our functional requirements and design parameters to address the issues
of room flow and use, we also wanted to address the cleanliness and organization of the lab
room. Our focus was on increasing the student traffic within the lab space. While also creating a
clean and productive thinking space for the students to work in. However, more development and
understanding of the space’s axiomatic design was unable to be done because the intended use of
the space has been constantly changing. While initially we were told the space would be a
dedicated Mechanical Engineering experimentation lab the team was later informed that the
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space is now being divided between multiple different departments. Due to this the team was
also never provided a list of equipment that will be within this space as this along with its
utilization has been constantly changing[27, 29].

4.2.1 Culture Analysis
Many of the cultural issues that Higgins laboratory is facing are repeated throughout

much of WPI’s campus with the dramatic growth the Mechanical Engineering department has
experienced in the most recent years without expanding space dedicated to the department. This
in combination with other departments also growing and trying to expand space has put a major
strain on all departments. More and more spaces that were previously dedicated to Mechanical
Engineering are now being split between multiple departments, or being fully taken away from
ME. Seen with the experimentation lab that is being developed, due to the lack of control over
their own space there is not a strong driving force for change. The department has experienced
multiple times making plans for change and not being able to execute them due to the
reallocation of space. This is also leading to unorganization of equipment within the department
as all their equipment is being spread through many different campus locations. Without any
organizational patterns and without the support of both the school and the ME department this
caused the team to run into many problems when trying to explore and investigate issues.
Information necessary to our project was unable to be provided to the team, not allowing us to
fully develop solutions to the issues the department has been facing. Due to this
recommendations to the space are being made with the focus being on the student experience of
the space.

4.3 Innovation Studio - Results

4.3.1 Innovation Studio Axiomatic Design Decomposition & Matrix Analysis
For the Innovation studios we decided that our FR0 would be to “Maximize usage of

collaborative workspace within the Innovation Studios” These collaborative spaces are spaces
like the makerspace, 3D printing lab, and the robotics garage. We wanted to first address the
under usage and over usage of some of these spaces. Which is why our first functional
requirement was based around the idea of maximizing the space to allow the most student traffic
at various student study spots within the building.

● FR1: Maximize available student workspaces
○ FR1.1: Determine peak times of use of workspace
○ FR1.2: Determine commonly used areas, workspaces, and furniture

For the second requirement we wanted to address the bottlenecks that occur at various student
building spaces. We wanted the functional requirement to address the lack of space traffic control
and services that were deemed popular amongst the student population. This set of functional
requirements sought to minimize overload and underload of the makerspaces.
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● FR2: Maximize students access to 3D printing and makerspace services
○ FR2.1: Determine services that are critical to students
○ FR2.2: Ensure services are accessible in student over-capacity scenarios.

For the third requirement we decided that a uniform training system was direly needed due to
lots of miscommunication across campus. Due to the fact that the skills training is different
depending on where a student may get that training. This unification of training systems would
help the traffic of students using machines to be spread across the campus to other machine
shops and not just the centralized spaces; like the Washburn shops.

● FR3: Unify training management systems
○ FR3.1: Create a uniform training system that is standardized across campus
○ FR3.2: Ensure all training is being taught the same way

For the fourth requirement we focused on the aesthetic and practicality of the student spaces
from a physical perspective. This functional requirement was one that sought to keep a clean and
organized look of the spaces within the Innovation studios. This FR also sought to spread out the
traffic of students by reorganizing the space based upon tool/space popularity and usage.

● FR4: Provide a clean and orderly work environment
○ FR4.1: Remove unnecessary physical items
○ FR4.2: Reorganizing popular items/objects on floor space

Lastly, our final FR addressed space in the building that was being used significantly less than
the others. In order to maximize the building's usage, it was important to make sure that students
were aware of the other spaces that could be used. And also so that they could take advantage of
the open space at all times. A representation of all the FRs and how they relate to the space’s DPs
are shown in figure 16 with a decomposition tree.

● FR5: Minimize under usage of physical study spaces
○ FR5.1: Promote the use of spaces available
○ FR5.2: Interchangeable spaces from individual to group study spaces

Figure 16: Innovation Studios FR-DP Decomposition Tree
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4.3.2 Culture Analysis
The Innovation Studios is not a dedicated department space, this space is open to all

students to use at any time throughout the day. However as discussed previously the Innovation
Studios is a showcase for the school meaning that the space is as much for upper management
and advertising for the school as it is for student work. With this being the case there is an
unwillingness from management to make changes to the current space, such as moving some of
the machines and equipment out of this space to keep the Innovation Studios with it’s original
design. Without this willingness there seems to be little ways the team could provide solutions to
many of the bottlenecking issues their location is facing. This being the case the team decided to
explore broader solutions that could begin to ease the space issues and help the location run
smoother including analyzing how their safety training compares to the rest of the campus’s
training.
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Chapter 5: Recommendations
Our team was able to discuss recommendations after we analyzed our results. Each

campus building in our research was assigned unique recommendations specific to their
requirements and customer needs. However, there are limitations to these upcoming
recommendations. Our project’s research was developed using a snapshot of the operational
status of Gordon Library, Higgins Laboratories, and the Innovation Studio during the course of
our research. Thus, our findings, insights, and recommendations detailed in this report may not
be as applicable if unforeseen alterations in the operational status of the three buildings occur.

5.1 Gordon Library Recommendations

5.1.1 Space Planning Adjustments to Improve Space Optimization
Our first recommendation for the library highlights the management of volume in the

library. The open response question in our survey highlighted that volume was the primary
attribute contributing to the floor that a student in our sample decided to do work on. We believe
that intentionally designing the second floor as a collaboration floor could improve the
management of volume in the library.

As indicated in the short response section of our survey, each floor’s design prompts a
different level of volume. The second floor or entrance floor was described as the loudest, due to
the foot traffic of people entering and leaving the building. The first floor was intentionally
designed to be a quiet floor, and the third floor accommodates both noisier and quiet volumes
due to the mixture of both collaboration and individual based seating

Our second recommendation for the library addresses the issue of space optimization. As
shown by our results, we can assess that current patterns of space planning in the library are
potentially contributing to under utilization of space in the library. Adding more rectangular and
individual tables, while eliminating Dog Bone tables, could improve the utilization of space in
the library.

One Dog Bone table takes up the length that four rectangular tables take horizontally
placed. However, Dog Bone tables are desired less. Moreover, the current arrangement of the
Dog Bone tables are occupying space that a more utilized resource, such as rectangular tables or
individual desks, could be occupying. This arrangement is potentially contributing to the under
utilization of space within the seating of the library. Additionally, the Dogbone tables are
designed for six people, since each cubby in the Dog Bone table has one seat in front of a curved
workspace. The design of this resource does not easily allow for collaboration. The curvature in
the desks, and the dividers between the different cubbies primarily facilitate individual work. So,
it can be concluded that the primary users of Dog Bone tables are potentially working
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individually. However, using Dog Bone tables in this manner is not optimal.

We can also observe that the usage of Dog Bone Tables on the second floor is potentially
contributing to less utilization on the second floor. Our research concluded that of the sample of
students who use the library, 13.2% of students prefer to use the second floor. Essentially, the
second floor was the least favored and received the least utilization, in comparison to the other
floors. We understand that a combination of attributes listed earlier in our research, such as
volume, could be contributing to this trend. However, we can conclude that the space planning
on the second floor in particular is a prime factor in the under utilization of this floor.

Aside from the Library Cafe, the Technology Desk, offices, and the Library desk, Dog
Bone Tables occupy a large percentage of this floor, although our research indicated that Dog
Bone tables have the smallest chance of being used at least once during a term. The individual
desks, which had the second highest chance of being used at least once during a term aren’t
present on this floor. Although the rectangular tables, which had the highest chance of being used
at least once during a term, are present on this floor, they occupy less space than the Dog Bone
tables. Thus, we can conclude that an excess of the under desired Dog Bone tables, and a lack of
the more essential resources, such as rectangular tables and individual desks, are making the
second floor the least desired and under utilized floor in the library.

5.1.2 Visual Capacity & Availability Displays

Gordon Library’s survey trends indicated that students have varied preferences for the
floors they are studying on as well as their usage for the specific floors. To aid with efficiency,
our team recommends that Gordon Library use visual capacity and availability displays. These
availability displays would be posted outside of the library and they would update to indicate the
current occupancy of the library as well as the available space. These displays would be most
useful if they were broken down by floor, and provided information on the occupancy of
resources such as tables or printers. We envision that the software would be able to detect
resource usage per floor, by counting the total number of students on a floor and comparing that
to the available seats on the floor. Additionally, since each floor has the same entrance and exit
point, each student who entered the floor would be counted by a sensor that detects motion in
both ways. In essence, these sensors would give the library additional insight on the floor and
resource usage and give students awareness on what floors and/or resources are available, so
they could avoid wasting time looking for a seat. As the sensors continued to collect data, they
could also be used to predict trends such as the busiest times in the library as well as how much
time people are spending on different floors.
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5.1.3 Create Signs to Describe Intended Resource Usage

Once the space had been designed to optimize efficiency, our team wanted to ensure that
the seating space is being increased from the top down, by making sure it is being used for its
intended purpose. An example of this concerns the creation of instructional signs that mandate
the minimum amount of people required. Kaelyn and Paul’s report highlighted a pattern of one
student solely occupying a table intended for a group. This behavior automatically reduces the
original seating space at this table because students are less likely to sit at a group table with an
individual using this table for individual study. Thus, this action can reduce a table that originally
seats 8 to just 1, making all efficiency efforts obsolete.

We recommend creating signs that designate the intended use for particular resources. As
of this research, there are no signs that explicitly inform students of the correct utilization of a
resource. This could be carried out by placing signs at the long rectangular tables indicating that
the space is reserved/ intended for students working in a group.

5.2 Higgins Laboratories Recommendations

5.2.1 Create and Maintain an Inventory System
In order to reduce the amount of unnecessary spending on equipment already owned, an

inventory management system was created based on the ideas discussed during the faculty
interviews to mitigate this issue. This system was created using Excel and the Excel coding
language VBA, virtual basic, in order to run smoothly and have it easily understandable to the
average user, whether that be a professor or student. The system organizes each item that is
added to it based on certain criteria, being type of equipment, availability and necessary safety
requirements to use. There is then a keyword search and advanced search button that allows the
user to input up to 5 keywords that will then be used to locate any item containing those and
present them in a list to the user who will then be able to select items they would like to use.
These selections are then sent to a different sheet with a link to a google form for the referral of a
lab TA or Professor to approve selection of items. Once complete, the item's availability will
change accordingly in the system.

In order to ascertain the effectiveness of the inventory system that was created, we
interviewed Professor Radhakrishnan for a second time via zoom to both show and discuss the
system. First, the need for the system was discussed with major emphasis on cutting department
costs by having a dedicated list of all items present, thus preventing the repeat ordering of certain
items[27]. It was also mentioned how the only person currently aware of what items are available
is Lab Manager Peter Hefti, who works in the ME department, and how it would be very helpful
to him to have an easily accessible and usable inventory system[27]. Next, we discussed how
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students and faculty would access the system, and we suggested using a QR scan code method in
order to send out the file. In order to select which items a user would like to use, the system
would include an option to select items and add them to a list which can then be requested using
a google form, which would need to be updated and maintained by either the lab manager or a
lab T.A. Finally, we discussed how the system would be maintained and we suggested adding it
to the responsibilities of Higgins Lab TAs[27]. Updating the sample of this inventory system the
team created according to the professors suggestions. We believe our system could be populated
with the department's inventory and be used without many other updates to the system; the excel
files created are shown in appendix G.

5.2.2 Track Usage of Lab Space
Due to the fact that the team’s original understanding of the engineering experimentation

lab is very different from how the space will actually be used we were only able to develop broad
recommendations that allow for continuous improvement. This includes having a space
occupancy system in place for the lab similar to the software that is currently being used at
Gordon Library. This could have multiple benefits to the operation of the lab space especially
when combined with a reservation system. This would allow students to know the occupancy of
the lab before entering and provide an opportunity for students to reserve more collaborative
space specifically for ME MQPs which currently there is very limited space. This would also
provide WPI with data about how the space is being used this software can be developed to give
data on how many students are using the space, how many reservations are made, how many
student show up to their reservations, and what machines in the space are being used if through
the reservation system they request this information from the students. This space occupancy
data combined with student feedback data the team hopes the department will collect can be used
to develop a floor plan design that is best fitting the current needs of the students. For example
this can be done after data is collected, determine the most accessed machines and make those
the most easily accessible ones in the space consistently referring to the data to ensure the design
of the space meets the needs of the customers.

5.3 Innovation Studio Recommendations
Following the summation of our results from the Innovation Studio, we were able to develop a
few recommendations, including the implementation of building occupancy software, the
utilization decision tree for safety training, and the inclusion of an improved student feedback
system.

5.3.1 Building Occupancy Software
Based on our interviews with faculty, the Innovation Studio already recognizes and

emphasizes the opportunity data collection can provide in managing and improving a facility.
Staff at the Innovation Studio already employ the use of data collection software in the form of
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Libcal to track reservation statistics. We recommend that the Innovation Studio continue to
expand on their data collection practices through the use of a sensor system that can track general
occupancy in real time. In particular, we recommend the use of software and hardware from
Sensource which has been adopted by Gordon Library. Sensource has a built in compatibility
with Libcal meaning staff at the Innovation Studio will not need to retrain on new data software.
Due to the many entrances of the Innovation Studio and the price of incorporating Sensource
equipment into a facility, we also recommend a limited implementation of sensor equipment to
student study areas in the Innovation Studio. In addition, we recommend that the Innovation
Studio display current occupancy on the digital screens at the center of the facility so that
students may check occupancy at any time. Through a combination of sensor and reservation
data, information regarding real time occupancy can be collected which can then be used to make
improvements to workspace and study space utilization.

5.3.2 Safety Training Decision Tree
Based upon information provided from interviews with the Innovation Studios, a problem

identified was the lack of organization when it comes to students being trained to operate
equipment available to them. There are multiple different areas throughout WPI’s campus with
machine and other hands-on shops that students have access to while for most of the shops only
the basic user training is needed there are machines within the Innovation Studios that require
additional or other training. One main issue that the Innovation Studio noticed is that within their
training there are overlaps with the Basic User Training the school suggests for most other
locations. This is causing students to repeat unnecessary training or miss necessary training
because they are only completing the basic user training. There are two alternatives the team
thought of that the school could do to address this issue: either develop a new basic user training
that can be used throughout the whole campus or provide a decision tree that can be shown
throughout the school. This type of decision tree would help to provide training information
based upon equipment type and location of equipment. This could also help another issue the
student population is experiencing of them not being aware of the equipment available for them
to use causing them to miss opportunities these resources provide. An example excel file was
created, appendix E, with some of the information needed to create this type of decision tree
including equipment available, location of equipment, training required and location of training.

5.3.3 Collect Student Feedback on Resource Satisfaction and Utilization
Gordon Library is the only facility in our study that routinely collects feedback on

resource satisfaction and utilization. Resource utilization is collected using Sensource, Libcal,
and manually counting the number of students using a resource at any given time. Feedback on
resource satisfaction is obtained by distributing and analyzing student surveys on resource
satisfaction at least once a year. Since Gordon Library collects and stores data on how resources
are being used, it’s easier to analyze its efficiency and make adjustments where necessary.
Observations and studies by Paul Harmon, an author and management consultant, states that
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utilizing measures, specifically “external” and “internal” are key methods to determine the
performance of a system. [17] He also mentions that these external measures could be “measures
of customer satisfaction”, while internal measures can be “efficiency and effectiveness of
specific functions or subprocesses”. [17] Therefore, we recommend that the Innovation Studio
should start collecting data on resource satisfaction and utilization.

Currently, the only information the Innovation Studio collects on resource usage is by the
tech suite reservation data that is monitored by Gordon Library. The Innovation studio could
collect data on resource satisfaction and utilization by distributing surveys yearly on how
satisfied students are with the current resources in the Innovation Studio. Sample questions for
this survey could include:

● How often do you visit the Innovation Studio?
● When you visit the Innovation Studio, how long are you usually there?
● What floor and/or room do you prefer to use while in the Innovation Studio?
● On average, how often do you have to wait for the following resources to be available

during a term?
● Of the following improvements to the Innovation Studio, listed below, what do you think

are the top three improvements that could make your experience better?
● Do you have any other suggestions or feedback?
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Chapter 6: Project Discussion
The purpose of a Major Qualifying Project (MQP) is to tackle real world problems by

working with an interdisciplinary team to apply important concepts from one’s major. This
project granted our team with the opportunity to experience some of the lessons and challenges
industrial engineers can encounter when analyzing, improving, and designing a system. During
our project we analyzed three different buildings with vastly different cultures, management,
functions, and stages of improvement. These conditions prompted our team to adjust our
research methods to suit the function, style, and needs of each particular building. In the
upcoming sections, we will highlight some of the main realizations we developed during the
project.

6.1 Assessing Customer Needs
Similar to the process of analyzing a real world system, the core of our project stemmed

from assessing the customer needs. As we have learned in our previous classes, ignoring
customer needs can cause a system to be flawed from the start. Therefore, we used Axiomatic
Design as the basis for analyzing each facility’s system. This allowed us to thoroughly
understand the unique customer needs and requirements of a system, while eliminating biases.

6.2 Adjusting to Alterations in Project Scope
During the course of our project, our scope and deliverables changed considerably.

Moreover, external factors affecting the specific location of our project directly impacted the
deliverables of our project. An example of this concerned a reduction of space in the open space
for the new lab in Higgins Laboratories The Mechanical Engineering department was set to
receive less of the new planning space than they had originally intended. Thus, changed our idea
of redesigning the new lab space using space optimization techniques, to primarily focusing on
the inventory management system.

6.3 Communicating Engineering Principles to Non-Engineers
While reporting our progress and intentions to stakeholders, there were multiple times

when we had to explain engineering principles, such as Axiomatic Design, to faculty who were
not familiar with such concepts. For instance, during our project, we met with the library faculty
to present our Axiomatic designs to confirm that our ideologies were accurately representing the
library’s operating status. During this meeting we were able to briefly explain what Axiomatic
design was and how we intended to use it for our project.
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6.4 Team Reflection
As a team we found ourselves facing many challenges at the beginning of the project.

Our initial proposed MQP was, unfortunately, not feasible due to limitations within our group.
As a group we had to hastily find another project and were looking near and far. We eventually
decided to create an MQP that could potentially make changes that we would be able to see on
campus. This rough takeoff to our MQP was actually very helpful in creating team chemistry and
helping us bond. We spent hours together, piecing together project ideas for the Gordon Library
and other buildings that we believed would benefit the student population at WPI. Basing the
ideas off of the team's own student experience with these locations and previous projects done on
campus by some team members. As we progressed into our project, our group was assigned
another team member. This caused some problems for our team because the new group member
had trouble forming chemistry with each individual within our group. We eventually found some
chemistry with this individual and were able to keep our strong team dynamic. Through the
many challenges our group had faced, we were able to overcome a very rough beginning and
complete in our opinion a successful project. Without these challenges, we would not have been
able to learn how to function as a group and develop a project while overcoming internal and
external problems. Included in these problems was a constantly changing team dynamics, no
individual held the same role throughout the entirety of the project. These changes also allowed
the team as individuals to grow and learn where their strengths and weaknesses are when
working with others and provided new perspectives on the role an individual can play in having a
successful project.
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Appendix
Appendix A

Higgins Labs Experimentation Lab - Empty

Appendix B
Higgins laboratory’s basement floor plans and a simplified version created to visualize the usable

space.
Appendix B1

Higgins Labs Basement Floor Plan
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Appendix B2
Higgins Labs Basement Floor Plan Handmade Labeled Drawing

Appendix C
Gordon Library’s floor plans (2021)

Appendix C1
Gordon Library Ground Floor Plan (2021)
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Appendix C2
Gordon Library First Floor Plan (2021)

Appendix C3
Gordon Library Second Floor Plan (2021)
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Appendix C4
Gordon Library Third Floor Plan (2021)

Appendix D
Innovation Studio Third Floor Plan
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Appendix E
Safety training requirements for on-campus equipment at WPI showing using a Microsoft Excel

decision tree.
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Appendix F
Data analysis from Libcal software, Gordon Library’s space occupancy tracking system.

Appendix F1
Libcal Gordon Library Tech Suite Reservation Data - Bookings Summary & Aggregate

Occupancy

Appendix F2
Libcal Gordon Library Tech Suite Reservation Data - Monthly Occupancy
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Appendix F3
Libcal Gordon Library Tech Suite Reservation Data - Occupancy Distribution by Day & Hour

Appendix F4
Libcal Gordon Library Tech Suite Reservation Data - Daily/Hourly Occupancy Distribution
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Appendix F5
Libcal Gordon Library Tech Suite Reservation Data - Bookings by Month
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Appendix F6
Libcal Gordon Library Tech Suite Reservation Data - Bookings by Day of the Week

Appendix F7
Libcal Gordon Library Tech Suite Reservation Data - Bookings by Hour of the Day
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Appendix F8
Libcal Innovation Studio Reservation Data - Bookings Summary & Aggregate Occupancy

Appendix F9
Libcal Innovation Studio Reservation Data - Monthly Occupancy
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Appendix F10
Libcal Innovation Studio Reservation Data - Occupancy Distribution by Day & Hour

Appendix F11
Libcal Innovation Studio Reservation Data - Daily/Hourly Occupancy Distribution
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Appendix F12
Libcal Innovation Studio Reservation Data - Bookings by Month
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Appendix F13
Libcal Innovation Studio Reservation Data - Bookings by Day of the Week

Appendix F14
Libcal Innovation Studio Reservation Data - Bookings by Hour of the Day
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Appendix F15
Libcal Innovation Studio Tech Suite Reservation Data - Bookings Summary & Aggregate

Occupancy

Appendix F16
Libcal Innovation Studio Tech Suite Reservation Data - Monthly Occupancy
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Appendix F17
Libcal Innovation Studio Tech Suite Reservation Data - Occupancy Distribution by Day & Hour

Appendix F18
Libcal Innovation Studio Tech Suite Reservation Data - Daily/Hourly Occupancy Distribution
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Appendix F19
Libcal Innovation Studio Tech Suite Reservation Data - Bookings by Month
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Appendix F20
Libcal Innovation Studio Tech Suite Reservation Data - Bookings by Day of the Week
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Appendix F21
Libcal Innovation Studio Tech Suite Reservation Data - Bookings by Hour of the Day
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Appendix G
Microsoft Excel Inventory Management System

Appendix G1
Inventory System Search Tools - Keyword and Advanced
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Appendix G2
Inventory System Advanced Search Tool Results

Appendix G3
Inventory System Advanced Search - Selected Items Page (to be submitted using Google Forms)


