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Introduction Background Approach Results Conclusion

Challenge

I The IQP is an interdisciplinary project completed by every WPI
undergraduate student
I One of the most distinctive elements of the WPI Plan
I Each IQP requires one or two advisors

I Optimally match IQP advisors to project sites
I Maximize number of matches made
I Prioritize solutions that maximize advisor satisfaction

I Create a tool that will:
I Collect advisor applications and site information
I Consider skills of specific advisors
I Output pairings of advisors to IQP sites
I Be interactive for the user
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Introduction Background Approach Results Conclusion

Drawbacks of Current Process

I Paper application
I Varying responses

I Data manually entered into a
decision matrix in Excel

I Matches made by hand
I About 90 applicants and 50

site-term combinations

I Applicants not numerous
enough and not interested in
enough sites to fill spots
I Need to bring back retired

faculty each year
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Importance

I Contribute to work in combinatorial optimization

I Impact real people at WPI
I Reduce the workload of GEO stakeholders
I Allow IQP advisor matches to be announced earlier
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Introduction Background Approach Results Conclusion

The Global Experience Office (GEO)

I Met with GEO stakeholders to discuss the factors they take into
account when making advisor-site matches:
I Advisors cannot advise during back-to-back terms
I Preferably at least one advisor at each site has advising experience
I Specifications for particular sites

I Number of advisors
I Directors
I Language requirements

I GEO stakeholders want the ability to interact with the output to
prevent certain matches and force others
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Mathematical Modeling

I Integer optimization: find most effective way to complete tasks
I Represented with mathematical models containing:

I Decision variables - represent the decisions to make
I Objective function - dictates what is maximized or minimized
I Constraint inequalities - restrict decisions that can be made

I Assignment problems: a type of optimization problem that assigns
items in one category to items in another category

I Decision Support System (DSS): a tool that helps people make
better decisions based on quantitative data
I User: provides input data
I DSS: finds and displays the best solution in a clear and simple way
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Introduction Background Approach Results Conclusion

Visual Basic for Applications (VBA)

I VBA: a programming language in Excel
I Allows users to create a spreadsheet-based optimization model

I We will develop a DSS in VBA to help the GEO match advisors to
IQP sites using data collected through the advisor application
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Qualtrics Survey

I Used to learn applicant’s:
I Name
I Email
I Gender identity
I Employment status
I Department affiliation
I Director status
I Experience level
I Term availability
I Language abilities
I Site-term preferences

. . .
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Mathematical Model: Set Definitions

I L: set of all languages, indexed by `

I A: set of all advisors, indexed by i
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Mathematical Model: Set Definitions

I L: set of all languages, indexed by `

I A: set of all advisors, indexed by i

I Subset AFT are full-time faculty members

I Subset AGEO are GEO faculty members

I Subset AE are experienced advisors

I Subset A` are advisors who speak language `

I Subset ADP are advisors who are scheduled to advise D term of
the previous year

I Subset ADY are directors who want to advise at their site

Kayla Fabry (WPI) Improving Advisor Placement in IQP Centers via Matching April 23, 2021 9



Introduction Background Approach Results Conclusion

Mathematical Model: Set Definitions

I L: set of all languages, indexed by `

I A: set of all advisors, indexed by i

I S: set of all site-terms, indexed by j

I Subsets S` are site-terms that have language restrictions, needing
language S`

I Subsets SE , SA, SB , SC , and SD contain all site-terms for terms E,
A, B, C, and D

I Subsets SDY,i are site-terms where advisor i is a director for that
site

I Subsets SNI,i are site-terms advisor i is not interested in
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Mathematical Model: Parameter Definitions

I λ ∈ [0, 1], weight of advisor preferences (default λ = 0.05)

I λ closer to 0 will give preference to the first component of the
objective function

I µ ∈ [0, 1], weight of experienced advisor constraint (default
µ = 0.05)

I µ closer to 0 will give preference to the first component of the
objective function

I aij ∈ {0, 1, 2}, advisor i’s preference of going to site j

I 0 if not interested, 1 if interested, and 2 if very interested

I cj ∈ {1, 2}, advisor capacity of site j
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Mathematical Model: Variable Definitions

I xij ∈ {0, 1}, 1 if advisor i is matched to site-term j, 0 if they are
not

I zj ∈ {0, 1}, 0 if there is at least one experienced advisor at site j,
1 if there is not
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Mathematical Model

I Objective function (1) maximizes:
I 1. the total number of matches made
I 2. the number of matches to sites preferred by advisors
I 3. the number of site-terms with at least one experienced advisor

I Constraint set (2) ensures that there are no more advisors per
site-term than the capacity of that site-term

I Constraint set (3) ensures that GEO faculty are assigned to advise
for at least one site-term each year

I Constraint set (4) prioritizes having at least one experienced
advisor matched to each site-term

I Constraint set (5) indicates the language requirements for
necessary sites
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∑
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j∈S

∑
i∈A
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∑
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xij ≤ cj , j ∈ S, (2)∑
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Mathematical Model

I Constraint sets (6) - (11) prevent an advisor from being assigned
more than once in the same term and in back to back terms
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Mathematical Model

∑
j∈SA∪SB

xij ≤ 1, i ∈ A, (6)

∑
j∈SB∪SC

xij ≤ 1, i ∈ A, (7)

∑
j∈SC∪SD

xij ≤ 1, i ∈ A, (8)

∑
j∈SE

xij ≤ 1, i /∈ ADP , (9)

∑
j∈SA

xij ≤ 1, i /∈ ADP , (10)

∑
j∈SE∪SA

xij = 0, i ∈ ADP , (11)
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Mathematical Model

I Constraint set (12) ensures that project center directors who want
to advise at their site-term are automatically matched there

I Constraint set (13) prevents advisors from being matched to
site-terms they ranked as not interested

I Constraint sets (14) and (15) ensure that xij and zj are binary
variables
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xij = 1, i ∈ ADY , j ∈ SDY,i, (12)
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Mathematical Model

xij = 1, i ∈ ADY , j ∈ SDY,i, (12)∑
j∈SNI,i

xij = 0, i ∈ A, (13)

I Constraint sets (14) and (15) ensure that xij and zj are binary
variables
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Mathematical Model

xij = 1, i ∈ ADY , j ∈ SDY,i, (12)∑
j∈SNI,i

xij = 0, i ∈ A, (13)

xij ∈ {0, 1}, i ∈ A, j ∈ S, (14)
zj ∈ {0, 1}, j ∈ S (15)
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Matching Tool in Excel: Instructions

I The tool’s first sheet has detailed instructions on its use
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Matching Tool in Excel: Output

I This is what the tool’s output looks like with our sample data
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Matching Tool in Excel: Interpreting Output

I Buttons allow the user to interpret matches
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Matching Tool in Excel: Interactivity

I The tool’s output is
interactive
I The user can

enter a ”Y” or ”N”
into any cell
corresponding to
a match they
want to force or
prevent

I Then re-solve

I Ex: want Advisor 9
to advise at Site 8
(E) instead of
Advisor 10
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Impact: Optimal Matching

I 15% more advisor
positions filled

I 12% more matches to
sites preferred by
applicants

I 11% more applicants
matched to at least one
site
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Impact: Time Savings

I Previous: about 5 hours to
input application data and
40+ hours to match

I 1st year: about 3 hours to
input data and 10 to match

I New future years: predict 5
hours in total

I 89% reduction in time
I GEO stakeholders will

gain back some free
time in their weekends
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Takeaways

I Utilized VBA to
I Develop knowledge of the programming language
I Apply binary integer optimization techniques to a real problem
I Expand upon critical thinking and decision making skills

I Developed understanding of the needs of GEO stakeholders to
I Learn how to tailor designs towards a specific goal
I Understand importance of an interactive interface

I Future Applications
I Advisor placement for other travel abroad programs
I Professor assignments for teaching courses
I Course matches to classrooms and lecture halls
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Thank you

Thank you
-

Questions?
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