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Welcome Message from Dr. Peter Welzel

Vice President, University of Augsburg

m— It is my pleasure to welcome all the eminent speakers and guests to the 2021

: Virtual Green Cities Conference. Unfortunately, you cannot be here in
Augsburg physically to enjoy our university’s campus and Germany's third
oldest city with its impressive “Altstadt” (historic city centre). However, while
we regret that the COVID pandemic prevented us from holding the traditional
type of conference we all enjoy, we are excited about organizing and offering
an innovative virtual Green Cities conference. Hopefully, you will feel the
attraction of Augsburg and will visit this city at a later point in time!

This virtual conference reflects the phenomenon of a global coexistence, altered by transnational commerce,
migration, and culture as well as economic, social and political interdependence. In other words, it reflects the
concept of a “Global Village” in which the entire world is becoming more interconnected as the result of the
propagation of media technologies. Moreover, the notion of a global village emphasises the idea of one
community linked together by electronic communications. As far as the Green Cities Conference is concerned,
the concept of a global village is indispensable in approaching environmental issues. Prevailing environmental
problems call for collaboration between states, and consequently need to be addressed on an international
platform. Apropos, this virtual conference is coincidently in line with the forthcoming online environmental
conference organised by President Joe Biden. The message here is clear: When it comes to solving the climate
crisis, the entire world needs to pull together.

The focus of this Green Cities Conference is on two core components: virtual and green. At this point, allow me
to recognize the host city of Augsburg as a thriving and aspiring green city. Recently, its potential in this area
further increased with the new Centre for Climate Resilience Research at the University of Augsburg. Nine
additional full professors and their research staff will be combined with existing professorships to build an
outstanding and visible research unit. The Centre aims at developing scientific foundations as well as holistic and
implementable strategies and applications at regional, national, and international levels, thus showing options for
adaptations to the inevitable consequences of climate change. Among other things, this initiative gives Augsburg
reason to take pride in its favourable position to host this year’s Green Cities Conference.

With that, ladies and gentlemen, | warmly welcome you to the 2021 Virtual Green Cities Conference hosted by
the University of Augsburg. | wish you a rewarding, productive, and successful conference.

Peter Welzel, Vice President
University of Augsburg



Roger Williams

Welcome Message from Dr. loannisMiaoulis
President, Roger Williams University
Bristol, Rhode Island

At Roger Williams University, we encourage our faculty and students to
channel their energy and knowledge toward solving the problems that
matter most to society, and there is no doubt that some of the most
pressing issues today center around how humans can live more
sustainably within the natural and built worlds. I commend the talented
faculty members from RWU and all researchers and thought leaders
who are sharing new ideas and scholarship at “The Global

T Interdisciplinary Green Cities Conference 2021.”

Complex problems can only be solved by an interdisciplinary approach to experiential education.
At RWU, we recognize that drawing upon multiple disciplines and diverse perspectives and ideasis
the key to driving the innovation and the solutions required to improve our future. We need to work
together to realize a collective impact for change; and this effort cannot be just across academic
disciplines, but also must span across industry and community borders and across countries and
continents in this urgent work.

With our shared goal to “Build the University the World Needs Now,” we are proud to have our
faculty share in intellectual discourse with scholars from 50 universities and organizations from
around the globe. And just as importantly, we will learn from others, bringing back a wealth of
knowledge to help RWU pursue its purpose of strengthening society through engaged teaching
and learning.

loannis N. Miaoulis, President
Roger Williams University
Bristol, Rhode Island, USA



Our Sincere Appreciation

Dr. Carol Leary, the President of Bay Path University, and Dr. Anthony Caprio, the
President of Western New England University, both retired in summer 2020.

Our sincere appreciation for their continuous support of our conferences throughout the years.

Hopefully, we will get the chance to celebrate their years of service to the higher education next
year in Switzerland.

Dr. Carol Leary Dr. Anthony Caprio

President, 1995-2020 President, 1996-2020
Bay Path University Western New England University
Longmeadow, MA, USA Springfield, MA, USA

Longmeadow, MA
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Program Chairs

Minoo Tehrani Andreas Rathgeber Nuno Guimaraes Da Costa
Roger Williams University University of Augsburg ICN Business School

Greetings to all:

We would like to take this opportunity and express our sincere appreciation for your
participating in the Global Interdisciplinary Green Cities Conference 2021,
Augsburg, Germany.

As you are aware, we postponed the conference to 2021, hoping to be able to travel
to Germany. However, we will be having our conference virtually in June 2021.

We very much appreciate receiving submissions across four continents, Africa,
Americas, Asia, and Europe, from 128 authors representing 15 countries and 50
universities and organizations. Our 41 tracks have 82 track chairs from 13
countries.

With the theme of the conference, Green Cities and Sustainability, and the research
articles from numerous universities and organizations, we will have an amazing
opportunity to share our knowledge and information with each other and our
students.

We look forward to meeting you virtually.

Best,

Minoo, Andreas, Nuno
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Web Support Committee

Professor Al Cutting Prof. Russell Beauchemin
Dept. of Communications/Web Dev & Design Cyber Security & Networking Dept.

Roger Williams University, Bristol, RI, USA

Bristol, RI



The Global Interdisciplinary Green Cities Conference 2021

Track Chairs

Accounting

May Lo Western New England University, USA

A JStagliano.........oooiiiiiiiii St. Joseph’s University, USA
Asian Studies

Arthur Cheng-Hsui Chen................... National Yunlin University of Science & Technology, Taiwan

Yuh-Yuan Tsai.....cooeiieiiriiiii i, National Dong Hwa University, Taiwan
Behavioral Operations Management

Mohsen Ahmadian........ooovviieiiiiiii e University of Massachusetts-Boston, USA

Beata Skowron-Grabowska.............cooeeiiiiiiiiiniiiiinn, Czestochowa University of Technology, Poland

Biomathematics & Mathematical Simulation

Edward Dougherty.............ocooiiiiii Roger Williams University, USA
Malte A. Peter........cooooviiiiiiiiiii University of Augsburg, Germany
Branding & Luxury Management
Miao Zhao........cooiiiiiiiiiii Roger Williams University, USA
Maxime Koromyslov...........coooiviiiiiii ICN Business School, France

Business Law & CSR
Bon Framta. ..ottt s Stanford University, USA
Thomas Langdon.............ooooiiiiiiiiiiiiii Roger Williams University, USA

Case Studies
KULA MATIA « ottt e e Roger Williams University, USA
Betty Woodman.............oooiii University of New Hampshire, USA

Commodities & Commodity Risk
SCOtt MACKEY ......vuiiiiiiiiicccccc e Roger Williams University, USA
Tobias Gaugler............o.oooiiiiiiiiii University of Augsburg, Germany

Corporate Communication
Amiee Shelton............cooeiiiiiiiiiiii Roger Williams University, USA
Patricia Tehami................oo University of Strasbourg, France

Design & Smart Buildings
Patrick Charles.................ooo Roger Williams University, USA
Rahman AzZari.......ccoiiiiii i e Penn State University, USA
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Track Chairs (cont’d)
Diversity, Equity & Inclusion (DEI)
Pamela Wynn..........oooooiiiiiiii NGOs, Ghana, Nigeria— Atlanta, USA
Jennifer Campbell.............cooooii Roger Williams University, USA
e-Commerce & Data Mining
Carol Lee.....oooviiiiiiiii University of Massachusetts, USA
Tristan Stull............oo University of Massachusetts, USA
Economics
LIS RIVETA-SOLIS. .. e vttt ittt e e e e e Capella University, USA
Patrick DUMIMIer. . .ov e e Avenir Suisse, Switzerland
Energy
Adriane Altenburger.......................o. Lucerne University of Applied Science & Arts, Switzerland
Silu Bhochhibhoya..........c..oo University of Twente, Netherlands
Enterprise Systems & Analytics
Manouch Tabatabaei.................o.coo Georgia Southern University, USA
Benedikt GIeiCh.......oviiriii e University of Augsburg, Germany
Finance & Financial Management
Eugenio Briales J.D...........ooiiiiiiiii Harvard Law School, USA
Michael Melton...........cocoiiiiiiiiiii i, Roger Williams University, USA

Financial Engineering
T. Homer Bonitsis...............c.ooiiiiiivvvvvvvnenccceenee...New Jersey Institute of Technology, USA
Mark WL ...ooi Roger Williams University- USA

Health Care Management
Lawrence Fulton..............ocooiiii Texas State University, USA
Bryan Schmutz...............oo Western New England University, USA

Healthy Cities & Suburbs
Suzanne Lanyi Charles...............ooooiiiii Cornell University, USA
Wei Li.o Beijing Normal University, China

Hospitality Management & Tourism
Tung-Shan Liao...........oooiiiiiiiiii Yuan Ze Universit, Taiwan

Pawet Piotrowski..............oooii Katowice University of Economics, Poland
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Track Chairs (cont’d)
Human Resource Management
Krista Finstad-Milion........ccooiiiiiii e, ICN Business School, France
Brendan Bannister.............occoiiiii Northeastern University, USA
Innovative Education
SUSAN BOSCO. ..ttt Roger Williams University, USA
JONN WEDET ... .o e DeVry University, USA

Information Technology & Enterprise Security
Doug WHhite.........oooiiiiii Roger Williams University, USA
Russell Beauchemin ..............ooooiviiiii Roger Williams University, USA

International Business
Gayatree Siddhanta..................cooi Linfield College, USA

Martins Priede.....ooouiiiiiii i Estonia Business School, Estonia

Knowledge Management
Jann Hidajat.....................cooeee Bandung Institute of Technology, Indonesia
Shouhong Wang..............coooviiiiiiii University of Massachusetts-Dartmouth, USA

Leadership & Motivational Theories
Alexander Knights.............coooi Roger Williams University, USA
Dennis Rebleo............cooviiiiiiiiii Roger Williams University, USA

MS/OR: Techniques, Models & Applications
Carolyn LaMacchia...........oooiiiiiiiiiiiiii Bloomsburg University, USA
Jerzy Letkiwski.........oooooiii Western New England University, USA

Manufacturing Management
Christoph Helbig............ooiiiiiiiiiii University of Augsburg, Germany
Richard Weihrich................ooo University of Augsburg, Germany

Marketing: Theory, Application & Practice

Yimin Zhu. ..o Sun Yat-Sen University, China

Geraldo Matos..........ooiiiiiiiiiiii Roger Williams University, USA
Negotiation

Elizabeth Volpe................. Roger Williams University, USA

Guy Deloffre.......ooooiiiiiii ICN Business School, France

Organization Behavior & Leadership
Deseré Kokt.............oooo Central University of Technology, South Africa
Deeanna Burleson ... Appalachian State University, USA
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Track Chairs (cont’d)
Political Science & International Relations
June Speakman.............coooii Roger Williams University, USA
Joseph Roberts...........ooooiiiii Roger Williams University, USA

Quality, Productivity, Project & Risk Management
Artur Swierczek..........oooiiii University of Economics, Katowice
Donald. J. Jenkins.........coviuiiiiiiiiiiee e University of Massachusetts-Boston, USA

Service Management
Mahour Mellat-Parast................coocooiiiii Arizona State University, USA
Shirley Yeung............ococoviiiniinns Gratia Christian College & Associate VP UNESCO HK, Hong Kong

Social Media
Sharmin Attaran.............cooiiiiiiiiiiiii Bryant University, USA
Virlena Crosley.........ooooviiiiiiiiiii Linfield College, USA

Sport & Entertainment Management
Xiangrong Lill........cooviiiiiii i Bridgewater State University, USA
Brett McKenzie..............cooooiiiiiiiii ... Roger Williams University, USA

Statistics & Business Analytics
Bahadir Akcam............cooooiiiiiiii Western New England University, USA
Fatemeh Poromran...............coooiiiii Northeastern University, USA

Strategy, Entrepreneurship & Resource Management
Andrea ThOrenz.............oooiiiiiiiiiiiiiiii University of Augsburg, Germany
Robert FIOTE......ouiiiiiiiiiiii Springfield College, USA

Supply Chain Management

Axel Tuma.....oooiiii University of Augsburg, Germany

YU Gl Otemon Gakuin University, Japan
Sustainability

Bilge Celik.......ooiiii Roger Williams University, USA

Amine Ghanem..............ooiiiiiiii Roger Williams University, USA
Transportation

Ellie Fini...........oo Arizona State University, USA

Marzenna CichOSzZ.......coviiriiiiii e, SGH Warsaw School of Economics, Poland
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Best Paper Award in Contribution to Theory
Green Cities and Waste Management: The Restaurant Industry
Minoo Tehrani, Roger Williams University, USA
Lawrence Fulton, Texas State University, USA
Bryan Schmutz, Western New England University, USA

Best Paper Award in Application of Theory
Green for the Environment and Green for the Pocketbook: A Decade of
Living Sustainably
Lawrence Fulton, Texas State University, USA
Bradley Beauvais, Texas State University, USA
Matthew Brooks, Texas State University, USA
Clemens Scott Kruse, Texas State University, USA
Kimberly Lee, Texas State University, USA

Geospatial-Temporal, Explanatory, Demand, and Financial Models for Heart Failure

Clemens Scott Kruse, Texas State University, USA
Bradley Beauvais, Texas State University, USA
Matthew Brooks, Texas State University, USA
Michael Mileski, Texas State University, USA
Lawrence Fulton, Texas State University, USA

Richard Briotta Best Paper Award in Knowledge Management & Strategy

~Health Disparities and Cardiovascular Disease
Ava Niakouei, University of North Carolina — Charlotte, USA

Minoo Tehrani, Roger Williams University, USA
Lawrence Fulton, Texas State University, USA

Calculating External Climate Costs for Different Food Categories: A German Case Study
Maximilian Pieper, Technische Universitat Minchen, Germany
Amelie Michalke, University of Augsburg, Germany
Tobias Gaugler, University of Augsburg, Germany

A Publicly Available Cost Simulation of Sustainable Construction Options
for Residential Houses
Lawrence Fulton, Texas State University, USA
Bradley Beauvais, Texas State University, USA
Matthew Brooks, Texas State University, USA
Clemens Scott Kruse, Texas State University, USA
Kimberly Lee, Texas State University, USA
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Analysis of International initiatives and Trends: Opportunities and Niches in the
Sector of Sustainable Urban Development

Alba Arias, Olatz Grijalba, Xabat Oregi, Rufino Hernandez
Basque Country University (UPV/EHU), Architecture Department

Abstract

Over the last few decades, the environmental situation of the planet has worsened.
Much of the pollution and energy consumption is attributed to cities, which are expected
to host 68% of the world's population by 2050. It is therefore necessary to develop
systems to make cities more sustainable and resilient. In this regard, different agendas,
strategies, plans and regulations have been published to promote climate actions and a
sustainable development, such as Agenda 2030, establishing the 17 Sustainable
Development Goals, and the New Urban Agenda that promotes the development of
more inclusive, compact and connected cities.

The current research has carried out a surveillance process of all these agendas, strategies,
plans, projects, initiatives,... that are promoted (past, present and future context) in the
field of sustainable cities development at international level . The objective is to identify
the potential niches and opportunities of the sector at global level for its subsequent
application to specific local contexts.

It has been concluded that the areas in which the different organisations, both on a national
and international level, are currently paying special attention are: health, low-tech (NBS,
nature and environment...), sustainable mobility, energy, governance, digitalisation, the
human factor, resilience, the green economy and decarbonisation. Besides, due to the
COVID 19 health crisis, the European Commission has reviewed the budgets and themes
for the 2020-2027 period, reiterating the importance and need for economic recovery and
resilience through digitalisation, energy rehabilitation and green transition. These are
fields on which most of the European budget is going to be invested. Therefore, these
issues are going to be considered as the main ones to be promoted in the Basque Country.
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A Mathematical Approach for Modeling a Parkinson’s Disease Based Dopaminergic Cell
Signaling Pathway

Edward Dougherty, Elizabeth Gilchrist, Abigail Small
Roger Williams University, Department of Mathematics

Abstract

Parkinson’s disease (PD) continues to impact the lives of millions of individuals globally, yet no cure
exists. Further, a comprehensive understanding of precise PD neuronal pathogenesis is lacking. To
address this, we have developed a mathematical model of a dopaminergic neuron that incorporates key
proteins, transcription factors, ions, and phenotypes of a dopaminergic neuron. Following a literature
search to construct an intracellular signaling pathway wiring diagram, the law of mass action and
Michaelis—Menten kinetics were utilized to generate an ordinary differential equation-based
mathematical model that offers applicability to PD. A unique aspect in the development of this model
was a numerically-driven reverse engineering approach to computationally identify those kinetics not yet
known by the biomedical research community. This approach employed the well-known Metropolis
Algorithm integrated with in silico phenotype-based testing, clustering, and sensitivity analyses. The
resulting mathematical model accurately simulates the inner signaling of a dopaminergic neuron as well
as a cell with PD pathogenesis.
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A Publicly Available Cost Simulation of Sustainable
Construction Options for Residential Houses

Lawrence Fulton, Bradley Beauvais, Matthew Brooks, Clemens Scott Kruse, Kimberly Lee
Texas State University

Abstract: This publicly available simulation analysis compares baseline construction options versus
sustainable options and evaluates both break-even costs as well as environmental effects. The
simulation  (https://rminator.shinyapps.io/sustain4/) provides wusers with comparative estimates
based upon existing research on costs. This is the first simulation of its type that quantifies multiple
sustainable construction options, associated break-even points, and environmental considerations for
public use. Results estimate that a 100% solar solution for the baseline 3,000 square foot / 279 square
meter house with 2 occupants results in a break-even of 9 years. The simulation includes options for
rainwater harvesting or wells, Icynene foam, engineered lumber, Energy Star windows and doors, low
flow water fixtures, aerobic / non-aerobic waste treatment or municipal services, and many other options.
This is the first simulation of its type to provide publicly available sustainable construction analysis based
on research, and it illustrates that sustainable construction might be both green for the environment and
green for the pocketbook.

Keywords: construction, rainwater harvesting, simulation, solar
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1. Introduction

Reducing the impact of the built environment is a necessary step to address concerns of climate
change as well as population growth. Green building codes and certification (GBCC) have arisen
to help provide best practice for green construction. Understanding what codes actually result in
effective environmental changes that are positive for the consumer is necessary [1]. Incorporating
requirements into GBCC systems improves environmental performance between 15-25% across 12
environmental impact categories when compared with the construction of a standard office
building, as defined by National Institute of Standards and Technology [1].

In a recent study, electricity, tap water consumption, and employee commuting dominated 10
out of 12 environmental impact categories, categories that included global warming, human health
consequences, eutrophication /acidification and use of water, as well as smog formation. For land
use impacts, wood products contributed the most (perhaps, unsurprisingly) [2]. Overall, GBCC
has been found to consume up to 25% less environmental impacts than standard building
techniques. Specific improvements include acidification (25%), human health-respiratory (24%),
and global warming (22%) [2].

Net Zero (or even Net Positive) construction involves the design of facilities that either
consume no net energy (demand less supply) or that produce more energy than consumption [3],
reducing global warming. Net Zero construction may even power user transportation [4].
Rainwater harvesting removes the stress on below-ground and ground water sources for both
residential and business construction (including hospitals) [5, 6].

While sustainable construction is important for the environment, there are economic
considerations that will be evaluated by consumers prior to inclusion with new building.
Therefore, green construction should be green for the pocketbook as well. This study evaluates
break-even potential for user selected sustainable interventions. The study focuses only on options
that involve power through electricity rather than natural gas or propane, as the residence
informing the simulation was located in an area where neither natural gas nor propane were
options. Natural gas, propane, and wind power will be investigated in future work.

The simulation analyzes best practice construction design for both the environment and the
consumer selections of house design features. The motivation behind the simulation was to
evaluate which green construction techniques might prove cost-effective. The components
included in the simulation were informed partially by a residential research property and an
author’s decade-long experience with it. The research home, once the highest certified home for
sustainable construction based on the National Association of Homebuilders standards [4], exists
on 100% solar and 100% rainwater harvesting. The user interactive simulation is based on cost,
demand, supply, and environmental considerations. The primary hypothesis is that many
elements of green construction might also be green for the pocketbook as well. Break-even
analysis is therefore produced.

This simulation and the associated analysis are unique. This is the first simulation of its type
that quantifies multiple sustainable construction options, associated break-even points, and
environmental considerations. Making this simulation publicly available provides a unique
starting point for those considering sustainable construction.

2. Materials and Methods

In this simulation study, we evaluate break-even considerations, environmental impacts, and
efficacy of multiple sustainable building innovations for residences. Included in the simulation are
user options for lumber selection, insulation selection, window and door selection, the water
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system, the electrical system, the water heating system, geothermal heating and cooling, and vehicle
selection. Vehicle selection is an important consideration, as an EV powered 100% by the home
requires additional solar power but may reduce emissions and eliminates the owner’s need for
gasoline, all of which have impacts on costs and the environment.

A simulation of costs over time, based on construction materials selection provides information
about the cost and environmental effects of residential construction decisions. Measured outputs
include cost, demand for water / electricity, CO2e emissions, trees required for the construction
process, and water required to support the demand of occupants. The simulation is implemented
in R Shiny [7] and freely available here: https://rminator.shinyapps.io/sustain4/ .

2.1. Residence Motivating the Simulation

Figure 1 is the Google Maps satellite image of the research house [8] that informed the
simulation. This house includes all sustainable features available in the simulation. Median
monthly electrical consumption is zero, and water costs involve only maintenance of the rainwater
harvesting (RWH) system.

Figure 1. The residence as constructed

2.2. Acquisition Costs and Selection of Lumber, Engineered vs. Traditional

Finger-jointed studs use reclaimed wood that might otherwise be discarded (Figure 2). They
are straighter and result in less wood wasted. Further, they have a strong vertical load capability,
with evidence that many species (including pine) have better structural properties when finger-
jointed [9]. The residence and the simulation evaluate both financial and environmental effects of
using this lumber.

{!

Figure 2. Finger-jointed stud used in the residence construction

A 20” diameter tree with 42 feet length of usable wood produces about 260 board feet (.614 cubic meters). The

Idaho Forest Products commission estimated that a typical 2,000 square feet (185.8 square meteres) house would use
102 trees of that size, 19.6 trees per square foot [10]. For the simulation, there is little quantitative support about the
amount of reduction achieved in construction through the use of engineered lumber. This uncertainty translated to a
uniform distribution with a conservative range of 10% to 20% reduction (flexible) based on the user input on trees per
square foot (defaulted to 20, flexible). Equation 1 provides the operationalization for lumber usage. In this equation,
the number of trees used is a binomial mixture, where LUM is an indicator for the use of engineered lumber. The
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resulting equation reduces consumption by 10 to 20% uniformly when engineered lumber is selected and 0%
otherwise.

trees

trees
# Trees = LUM X ——— x U(0.8,0.9) X house size ft? + (1 — LUM) X N

ft?

X house size ft? (1)

The cost of finger-jointed studs may be more expensive than regular studs. At one lumber site,
retail cost of a 2 x 4 x 104 5/8” regular pine stud versus the same size finger-jointed stud is listed at
$3.62 [11] versus $5.59 [12], respectively. This is a 54.4% cost increase for materials, which might be
offset by lower labor costs due to engineered lumber’s straightness. Engineered lumber typically
results in a lowered installed cost per square unit [13].

The cost differential is not atypical, as many engineered lumber products have upcharges
between 1.5 and 2 times the cost of traditional lumber [14]. A reasonable estimate for the total cost
of traditional framing between $4 to $10 per square foot for labor and $3 to $6 per square foot for
materials [15]. These values were used in a uniform distribution for non-engineered lumber.
Conservatively a uniform 10% to 20% reduction in labor costs and uniform 1.5 to 2.0 increase in
material costs were used for engineered lumber calculations. Equation 2 shows the lumber cost
calculations in the simulation. In this binomial mixture equation, the indicator variable LUM
mixes traditional wood construction (1-LUM) with engineered wood construction (LUM).
Traditional wood construction labor and material costs are modeled uniformly between $4 and $10
per square foot and between $3 and $6, respectively. For engineered wood construction, labor costs
are reduced between 10 and 20% uniformly and material costs are 1.5 to 2.0 times higher. No
operations and maintenance costs (O&M) were assessed for lumber selection due to its lengthy
lifetime.

$ Lumber = (1 — LUM) X house size ft? x (U($4,$10) + U($3,$6)) + LUM X house size ft? @)
x (U($4,$10) x U(0.8,0.9) + U($3,$6) x U(L5,2.0))

2.3. Acquisition Costs of Air, Water, and Vapor Barriers

For the research house motivating this simulation, Icynene spray-foam was selected over other
products (e.g., fiberglass, cork, pressed straw, coconut fiberboard, etc.) as it is multipurpose in that
it provides an air barrier, vapor barrier, and water barrier, eliminating the need for attic vents, test
ductwork, or air-seal attics. Icynene is environmentally friendly, made of 100% pure water-blown
air, and it contains no chemicals [16]. Residential spray-foam insulation (Figure 3) provides a
thermal barrier with exceedingly low conductivity (.021 W/mK in one study [17]). Spray foam has
reasonable hygrothermal properties and is resistant to moisture migration. The practical relevance
of the tight seal around the residence is that during the heat of the Texas summer (in excess of 100
degrees F), the observed temperature in the attic spaces does not exceed 80F/26.7C with the house
thermometer set to 76F / 24.4C. The estimated wall U-values was .12, while the U-Values for the slab
foundation (8” to 8’ on the slope) are estimated between .07 to .83. The simulation includes an
Icynene spray-foam option for these reasons.
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Figure 3. Open-cell spray-foam insulation installed in the residence

The 2020 cost for open-cell spray-foam insulation is about $.35 to $.55 per board foot [18].
Assuming 3.5” depth of spray converts to $1.23 to $1.93 per square foot, values used in the
simulation of cost. Fiberglass batt insulation runs $.64 to $1.19 per square foot (2,359.17 cubic
centimeters) [19]; however, this value provides an incomplete picture. Spray-foam works as an air
barrier, vapor barrier, water-resistant barrier, and insulation. There is no need for attic vents, test
ductwork, or air-seal attics. When evaluated in this manner, it is actually 10-15% less expensive
than traditional construction [20]. To account for these components when selecting non-spray foam
insulation, a uniform distribution between .85 and .90 was divided by the non-spray foam
insulation costs to inflate them (see Equation 3). In this equation, the indicator variable INS is
coded as 1 if Icynene foam is selected and 0 otherwise and U indicates a uniform variable on the
ranges provided. No O&M costs were assigned for insulation, as all forms can last beyond 40
years.

2.4. Acquisition Costs and Selection of Windows and Doors

3. $ Insulation = INS x Size x U($1.23,$1.93) + (1 —INS) x U($1.23,$1.93) / U(0.85,0.90)  (3)

In the simulation, the user has the opportunity to select Energy Star windows and doors
similar to those used in the motivating residence’s construction. The choice of windows and doors
based on Solar Heat Gain Coefficient (SHGC) is important to the home energy usage. SHGC is
defined as the fraction of incident solar radiation admitted through a window. In warm climates,
windows should have solar heat gain coefficients (SHGC) less than .25 [21]. Further, the U factor, a
factor that expresses the insulative value of windows, should be .4 or lower. Low emissivity
Jeldwen windows and doors with SHGC of .23 and U-Factor of .3 were used throughout the
research residence, a factor which motivated this simulation component.

Low emissivity windows are typically 10 to 15% more expensive than standard windows [22].
The typical cost range in 2020 dollars is $385 to $785 with an average of $585 [23]. The Department
of Energy (DOE) estimates savings of $125 to $465 dollars per year from replacing windows with
new windows that have higher Energy Star ratings [24]. In the simulation, Energy Star windows
are modeled as a 12% reduction from kWh based on DOE estimates [24]. The simulation requests
that the user specify the number of windows and doors in the house and select whether they will be
Energy Star certified (checkbox). Acquisition costs are shown in equation 4 based upon a 15%
premium for Energy Star doors and windows per the Department of Energy. In this equation,
ENERGY is an indicator variable indicating that Energy Star doors were installed. Doors need not be
replaced during the maximum 40-year simulation, but windows are modeled as being replaced
every 20 years.
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$ Windows and Door Acquisition
= ENERGY x (#Doors x U($900,$1200) + # Windows X U($385,$785))
#Doors x U($900,$1200) + # Windows x U($385, $785)>

+ (1 - ENERGY) X < It

3.1. Selection of Water System

The decision to install a rainwater harvesting system (RWH) versus a well or municipal water
is one that is dependent on environmental considerations, the availability of municipal water, the
homeowner’s wishes, and regulations. For the residence that informed the simulation, no city
water sources were available, so the choice was either well or RWH. After a cost analysis, it was
estimated that the acquisition costs for a well and the cost for an RWH system would be nearly
identical based on well depth and rainwater design considerations. The simulation provides the
user the opportunity to select rainwater, well, or municipal water options. Because of its uniqueness
and rarity, a short discussion of RWH systems is necessary.

3.1.1. About Rainwater Harvesting Systems

Figure 4 depicts the RWH as currently installed in the research residence. The system works
as follows. Rainwater falls on the roof and is captured by gutters. The guttered water flows to
the cistern where ~100 gallons or so is flushed out through a pipe with a ball float to eject the debris
on the roof. This is called the first flush. Once the ball float seals the flushing tube, the water
continues into French drain and basket filters and then into a cistern. Parallel on-demand pumps
push water towards the house where it is processed through a sediment filter, charcoal
regeneration system, and ultraviolet light which is an effective method for inactivating pathogens
through irradiation [24]. The water is then used and exits to a septic system.
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Figure 4. Rainwater harvesting system as designed

Quality considerations for water are significant. Using rainfall for potable house needs
requires proper roof selection (ceramic or metal as examples), flushing (first flush), gross filtering
(e.g. French drain and basket filters), storage (food-grade butyl rubber), pumping, cleansing (e.g.,
sediment filter and charcoal regeneration, Figure 12), purifying (ultraviolet purification as one
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example, Figure 13), and disposal of gray water (aerobic septic system). For the research residence,
The Texas Manual on Rainwater Harvesting [25] provided the baseline quality construction
requirements.

Design of an RWH capable of meeting the needs of an entire household required separate
simulation modeling, so that the distribution of the minimum in the cistern (order statistic) would
be strictly greater than zero over all supply and demand considerations and all simulation runs.
Details of the simulation used for the residence that informed this model are available externally
[5,26] .

3.1.2. Acquisition Costs of Well, Rainwater, and City Options

Acquisition costs for an RWH system (guttering, PVC piping, cistern with butyl rubber liner.
and accessories) cost approximately $8,000 to $10,000 [27], but a large tank requirement can increase
this value (e.g., $25,500 for the tank [28]). The cistern is the largest expense. The retail cost per
gallon is 6.25 cents per gallon for a Pioneer tank at one location [27], although it is possible to use
fiberglass tanks at a less expensive rate (.50 cents per gallon) [28]. Current well drilling prices in the
U.S. are between $15 and $30 per foot and up to $50 for difficult terrain [29]. For the simulation,
users select the well depth or the cistern size. If city or municipal water is available, there is no
acquisition cost. Equation 5 illustrates how acquisition costs were assessed. In this equation, WELL
is an indicator variable for the construction of a well with an associated cost distribution
(triangular) based on [29] and well depth. RWH is an indicator variable for the selection of a
rainwater system with the price equal to $.50 to $.70 per gallon of storage. This price includes
complete installation of the system (including the pump). The indicator CITY is omitted, as
municipal connection fees are nominal and not charged as part of the acquisition of a water system.

$ Water Acquisition = WELL x T($15,$30,$50) x Depth + RWH x U($0.5,$0.7) X CisternSize (5)

3.1.3. O&M Costs for Water

Equation 6 accounts for the annual maintenance and operations (M&O) of the water system
selected for the simulation scenario. According to the EPA, the average American uses about 88
gallons of water per day [30]. The cost of municipal water in the US is approximately $.006 per
gallon per person per day [31]. According to the Centers for Disease Control and Prevention
(CDC), wells should also be inspected annually [32] at a cost of $300 to $500 per year [33].
Rainwater harvesting systems also have annual maintenance expenses. If gutter and roof cleaning is
done by the owner, then the cost is estimated at $328 per year by the Environmental Protection
Agency [34]. These costs are represented in Equation 6. In this equation, city water costs is based
on a per gallon demand and a rate between ($.004, $.006) per gallon. Well O&M costs are $300 to
$500 per the CDC, and RWH maintenance costs are centered around the EPA cost estimate. The
accumulation rate is defined as 1 + inflation.

Annual Cost of Water 0&M (6)
= CITY X 365 days X Occupants x Annual Water Demand X U($0.004,$0.006)
x Accumulation Rate*=1 + WELL x U($300,$500) x Accumulation Rate*=* + RWH
x U($230,$430) X Accumulation Rate*~!
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Selection of appliances and fixtures is important for a sustainable house reliant on 100%
rainwater. Toilets, shower heads, and other water fixtures in the residence that insprired this
simulation were low flow / high pressure (see Figure 15). Mayer et al. [35] estimate that toilets
use 29% of indoor water consumption, while water used for showering/bathing, dishwashing
and laundry consume about 36%, 14%, and 21%, respectively. The Environmental Protection
Agency (EPA) shows that high pressure, low flow shower heads reduce flow from 2.5 gallons
per minute to 2.0 gallons per minute, a 20% reduction [36]. The Department of Energy
estimates water savings between 25% and 60% [37], values used in the simulation. Costs for
low flow fixtures are comparable to standard fixtures, so acquisition costs were omitted.
Equation 7 is the water demand. In this equation, LOW is an indicator variable for installation
of low-flow devices, and the mixture equation includes a uniform reduction of 25% to 60% if
those fixtures are installed.

Annual Water Demand (7)
= LOW x U(80,100)gl x 365 days x Occupants x U(0.4,0.75) + (1 — LOW)
x U(80,100)gl x 365 days x Occupants

2.5.4 Acquisition, Replacements Costs and Environmental Considerations based on Selection of Water
Heater, Adjusted Water Demand

One of the current additions to the research residence has been the inclusion of an on-demand
electric, tankless water heater for a guest room, guest kitchen, and guest bathroom. These water
heaters take up less space than those with tanks and do not constantly use energy to keep water
warm. One study indicated that the life-cycle savings over traditional electric storage systems is
$3,719 Australian dollars (about $2500 US dollars) [38]. However, that study does not consider the
possibility that all electrical power needed is generated by solar. ~ Further, the carbon footprint is
much lower, as it is in operation only when demanded. Tankless water heaters may be as much as
99% efficient [38], saving 27 to 50% of kWh consumption [39]. The acquisition cost of an electric
tankless heater is largely dependent on size, capability, and brand and may be higher than
traditional tank versions; however, many high capacity electric versions are comparable in
acquisition costs with traditional tank versions. Tankless may also last 1.5 to 2 times as long as
tank water heaters (20 years) and save 8 to 34% on water (values used in the simulation), depending
on water demand; however, demand flow for multiple simultaneous operations must be evaluated
and proper capability systems selected [40]. The water demand reduction factor was included in
the simulation by a unifom distribution between .66 and .92 as shown in Equation 8. Acquisition
and replacement costs for tankless and tanked water heaters were based on user input for average
cost (inflation adjusted), while the replacement life was estimated at 8-10 years (uniform
distribution) for tanked heaters and 15-20 years (also uniformly distributed) for tankless[41].

Annual Water Demand with Tankless Water Heater (8)
= U(0.66,0.92) x LOW x U(80,100)gl x 365days x Occupants x U(0.4,0.75)
+ U(0.66,0.92) x (1 — LOW) x U(80,100)gl x 365days X Occupants

2.5.5. Environmental Consideration: Water Supply Requirements for Meeting Residents” Water Demand
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For the simulation, users select from RWH, well, or city / municipal water sources. From a
sustainability perspective, RWH requires far less water for the same aquifer demand (either well or
municipal). Specifically, run-off, absorption / adsorption, and evaporation / transpiration reduce
aquifer resupply to about 30% [42]. On the other hand, RWH systems capture 75% to 90% of
rainwater, depending on design and rainfall [25]. The amount of water pulled from the aquifer to
supply one gallon is therefore at 2.5 to 3.0 times as much as rainwater harvesting. Equation 9
illustrates how the simulation accounts for the water supply requirements to satisfy demand.

RWH is an indicator variable indicating a rainwater harvesting system. This equation is adjusted
later for selection of low flow devices and installation of tankless water heaters.

Water Supply Requirements for Meeting Residents' Water Demand 9
= RWH X Water Demand / U(0.75,0.90) + (1 — RWH) x U(2.5,3.0)
X Water Demand / U(0.75,0.90)

2.6. Acquisition, O&M Costs and Environmental Considerations for Waste Management System

Cradle-to-grave water management requires that black water be treated responsibly and
sustainably. Traditional municipal waste management and septic systems (aerobic and anaerobic)
are two options for treating waste at residences, while traditional wastewater treatment plants are a
third option. All three are available in the simulation.

The research residence informing the simulation had installed a Jet Biologically Accelerated
Treatment (BAT) plant (also termed Biologically Accelerated Wastewater Treatment, BAWT, plant).
BAT plants work by treating wastewater physically and biologically in a pre-treatment
compartment. Water then flows through the treatment compartment where it is aerated, mixed,
and treated by a host of biological organisms (a biomass). The mixture then flows to a settlement
compartment where particulate matter settles, returning to the treatment compartment, leaving
only odorless and clear liquid (gray water produced by the biomass) which is discharged through
sprinkler heads [43]. Figure 5 is the encased BAT system installed at the residence. Aerobic systems
break down waste far quicker than anaerobic due to the nature of the bacteria.

Figure 5. Biological Accelerated Treatment plant during installation

Installing a typical anerobic system averages $3,500, whereas an aerobic costs about $10,500
[44]. Maintaining the aerobic septic system is about $200 annually [45], which is somewhat more
than anaerobic systems [46] (modeled as 50% of the cost on average). There are benefits to the
environment in that 1) pumps for transporting water to wastewater treatment plants are not
necessary (and the associated energy costs), 2) treated water returned to the environment is cleaner,
3) electricity for processing water (in this case) is largely if not entirely generated by the sun.
Equations 10 and 11 are the acquisition and operation costs for the simulation. In these equations,
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AEROBIC is an indicator variable for an aerobic septic system, ANAEROBIC indicates an anaerobic
septic, and city waste management is omitted (zero cost and nominal O&M).

$ Acquisition = AEROBIC x U($9500,$10,500) + ANAEROBIC x U($2000,$3000) (10)
$ 0&M = Previous 0&M$ + AEROBIC x U($150,250) + ANAEROBIC x U($100,200) (11)

2.7. Acquisition /| O&M Costs, Electrical Systems

The simulation provided the opportunity for 100% electric or 100% solar. No mix of other
electrical sources was evaluated in the first version of the simulation. The research residence initially
had installed a 7.25 kW system (32 x 225 watt panels) with a Sunny Boy inverter ($33,600 in 2011,
Figure 18) and then subsequently added another 9.585 kW system (27 x 355 watt panels, $31,317 in
2018, Figure 19) with a Solar Edge inverter after home expansion and capitalization of the original
solar power system. The total cost of both systems was $64,917. After 30% federal tax credits, the
total cost to the resident was approximately $44,441.90. From installation date until 31 January 2020,
the initial 7.25 kW system has produced 90.579 MWh of power in 35,212 hours of operation for 2.57
kWh per hour, saving 153,984 1bs CO2. The 9.585 kWh system has produced 25.86 MWh in about
18,240 hours since installation, saving 40,038.49 1bs CO2 emissions and resulting in only 1.4 kWh per
hour. The efficacy of this system is one of the reasons that motivated this simulation.

For the simulation, users are asked to select the percent of kWh provided by solar.
Acquisition of a system includes extra capacity to account for .004% decay per year. In doing so,
O&M costs for the duration of the simulation are built in [47]. To illustrate, a 30-year horizon would
require 11.33% more panels. Further, users were required to select their state, as geography has an
impact on capture. That impact was acquired by evaluating the ratio of the recommended
photovaltaic system size recommended by manufacturers to the kWh used monthly (e.g., [48]).
Cost per solar panel watt was a user option, set between $2 and $5 with the default value of $3.18
[49]. Equation 12 is the solar acquisition cost when selected, where SOLAR is an indicator variable
for the inclusion of a solar system, ENERGY is an indicator variable for energy star windows/doors.

$ Solar Acquistion (12)
= ENERGY X % Solar x (1 — Tax Credit) X $ per Watt x (Total Monthly kWh)
%X .88 + (1 — ENERGY) X (1 — Tax Credit) X $ per Watt X (Total Monthly kWh)

O&M costs for solar are negligible, particularly since the decay factor is included in the system
[50]. Residential electricity rates are anticipated to be fairly stable over time as well [51]. For the
simulation, the user inputs the initial cents per kWh, which are inflated over time based on the
anticipated electrical inflation rate. Equation 13 provides the electrical O&M costs for the
simulation. The total kWh is calculated later.

$ Electrical Cost = % Solar x U($100,$350) X Accumulation Rate*= + (1 — % Solar) x $ per kWh (13)
x Total kWh X Electrical Accumulation Rate*~1

The footprint of solar is 6 g CO2e/kWh, while coal CCS is 109 g and bioenergy is 98 g. Wind
power produces less emissions (4 g); however, the research residence location is a low-
production wind area [52]. Wind will be incorporated in a future version of the simulation.
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Equation 14 is the CO2e/kWh formula used in the simulation.

C02e = % Solar X 6.0 g x Total kWh + (1 — % Solar) x 109g X Total kWh + (1 — EV) x 12 (14)
X miles [ mpg % 8887 g/gallon used

2.8. Acquisition | O&M for Vehicle (Important for EV Considerations.)

In the research residence, electricity generated from the solar panels was used to charge an
electric Nissan Leaf (early adopter, see Figure 6). Nissan Leaf ownership costs over 8 years are
estimated to be $36,537.82 with total 8-year energy costs (kWh) at $3,969 [53]. When powered by
solar that is 100% capable of producing both home and automobile power, there are negligible
O&M energy costs. Thus, the difference in cost between an equal value gasoline car (after
accounting for any tax credits and residual) would be the maintenance and energy costs. In the
simulation, the user selects the car acquisition cost for comparison (possibly zero to omit this
element). Equation 15 reflects the implementation of the comparison in the simulation if a user
selects an electric vehicle. The last portion of the equation uses the complement of the indicator for
electric vehicles (EV) and multiplies that by the annual cost of driving. The use selects the starting
gasoline cost (inflated), miles driven, and miles per gallon.

$ Vehicle Acquisition & 0&M (15)
= Initial Car Cost + Inflated Replacement Car Costs at Life Cycle End + 12
X miles driven monthly / mpg X gasoline cost X (1 — EV)

Figure 6. Nissan Leaf and final charging station

2.9. Acquisition Costs for Heating, Ventilation, and Air Conditioning

As part of the research construction, the residence was equipped with a closed loop,
geothermal system (see Figure 7). This became an option in the simulation. Vertical, closed-loop
geothermal units are heat exchangers that leverage the fact the temperature 200’ below the Earth
remains relatively constant. The cost of the system including wells, unit and ducting (complete)
was $26,500. The tax credit for the research residence was 30% or $7,950, and so the end cost to the
resident was $18,550. Climatemaster (the brand installed) estimates a $1000 savings in electrical
costs per year over an electric heat pump ($3,135 versus $4,169) [54].

Acquisition costs for geothermal are much more than traditional heat pumps [55]. In the
simulation, the user selects the tonnage required, and this tonnage is used to estimate the total
install cost. Equation 16 illustrates the simulation implementation, where GEO is an indicator
variable for the installation of a geothermal system.
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$ HVAC Acquisition (16)
= GEO x U(Tonnage x 5000, Tonnage x 6000) + (1 — GEO) x U(Tonnage
X 1000, Tonnage x 2000)

Geothermal systems may be more expensive but reduce kWh usage. This reduction is
factored into the total kWh calculation in Equation 17 along with Energy Star windows and doors,
tankless water heaters, and electric vehicle consumption. ENERGY, GEO, TANKLESS, and EV are
indicator variables for the presence of Energy Star doors / windows, geothermal heating, tankless
water heaters, and an electric vehicle, respectively.

base kWh Required = 12 x monthly kWh - ENERGY x 12 x monthly kWh (17)

if GEO == 1then kWh required = base kWh reqired x U(0.5,0.9)
if TANKLESS == 1,then kWh required = kWh required x U(0.5,0.73)
Total kWh Required = kWh required + EV X EVkWh X miles X 12

Figure 7. Geothermal unit and vertical drilling of wells

2.9. Simulation Runs and Flowchart.

The number of simulation iterations is user specified from 1,000 to 8,000. A confidence
interval of 95% is graphed across the break-even graph for users to evaluate the variability of the
estimates. The default value is 2,000 iterations. Figure 8 is the flowchart.
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Figure 8. Flowchart for the simulation
2.10. Verification and Validation (V&V)

Since the simulation was written in R Shiny, several methods were available for verification

and validation. To investigate validity, prior and posterior distributions were investigated to
ensure that output distributions matched the input distributions. For validity across experimental
conditions, a common random number stream was used. In doing so, we ensured that comparison

differences would not be due to the selection of pseudo-random numbers alone. Third,

visualization of the simulation results ensured that the outcomes were as expected.
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4. Results
4.1. Baseline vs. Scenario 1

The baseline scenario was set to include the parameters in Figure 9. Runs were based on 30-
year ownership, 3000 square feet construction (279 square meters), 25 windows, 3 external doors, 2
occupants, 2 water heaters, $1000 water heater acquisition, 30% tax credit, 5 ton (4.5 metric ton) heat
pump / geothermal heat pump in Texas, 1500 base kWh usage per month, $.13 per kWh utility
costs, $3.30 per watt solar panels, 3% annual inflation, .3 kWh per mile for EV, $30K base cost for
vehicles, 1100 monthly miles, 30 mpg for gas vehicles, $2.20 per gallon for gasoline, 8 year car life,
and 2000 simulation runs. Comparative construction analysis in Figure 8 included all possible
sustainable options offered in the simulation.

4.1.1. Scenario 1-All Sustainable Items Checked to Mimic Research Residence Components

Figure 10 shows the graphical results of the break-even analysis for Scenario 1. The break-even
time based on this analysis is about 21 years due to the up front expenses. At 30 years, the cost
savings is estimated to be $80,000. Figure 11 breaks down both costs and environmental
considerations for the baseline versus this construction. The sustainable construction option saves
56,921 kilograms of CO2 and requires 5,501 fewer kilogallons of water to meet demand over the 30-
year lifespan. The sustainable option requires 217 fewer MWh over the course of 30 years, and the
grid cost is zero as solar provides 100% of the power required. While better for the environment,
water and wastewater are more expensive for the sustainable construction and can never achieve
any break-even.

4.1.2. Scenario 2-100% Solar, Geothermal, Tankless Water Heater, Engineered Lumber, Icynene Foam,
Electric Vehicle, Energy Star Windows & Appliances, Low Flow Fixtures, Rainwater Harvesting, Aerobic
Septic
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Figure 9. Baseline and comparison construction information, Scenario 1
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Figure 10. Comparison of costs and environmental costs are depicted for the baseline construction

(left) versus the 100% solar construction (right). “Max” is the maximum difference between

comparison construction and baseline construction.

3.1.2 Scenario 2-100% Solar Only
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Scenario 2 includes 100% solar as the comparison option. Break even is at 9 years with the
maximum cost savings at 30 years equal to $140,000. See Figure 11. CO2e savings over traditional
construction total 55,620 kilograms. If tax credits are reduced to zero, then the break-even moves to

12 years rather than 9, and the 30-year maximum benefit is reduced to $130,000.
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Figure 11. 100% solar versus the baseline

3.1.4 Comparison Tables for Various Scenarios

T
14

T T T
15 16 17

Years

The number of scenarios available is beyond enumeration, as the simulation is designed to support

user input. Thus, design of experiments and response surface methodology are outside the scope.
Given the fixed parameters for the baseline discussed previously, comparison changes were made
for many of the sustainable construction options.
lumber are not major contributors to the cost or break-even analysis. The hypothetical advantage

Interestingly, Icynene Foam and engineered

of EV’s is offset by the requirement for more solar in a 100% solar solution as well as gas prices.
Table 1 illustrates the results.

Other combinations are left to the user to explore.

Table 1. Comparison of simualtion results

30-Year
Years to Savings in
Baseline Plus the Following Break Even 000's Notes
100% Solar 9 $140
50% Solar 7 $70
25% Solar 2 $25
Geothermal 15 $50
Electric Tankless $80
Energy Star Windows & Doors $20
Low Flow $20
Rainwater, 40 kilogallons NA NA
Rainwater, 30 kilogallons 30 $0
Electric Vehicle NA NA (Requires more solar acquisition)
Aerobic NA NA
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5. Discussion

The results show that building a sustainable house can be both green for the environment and
green for the pocketbook depending on the trade-off considerations of the consumer. The initial up-
front costs may be quickly offset by savings depending on construction options. Of importance, we
note that a 100% solar solution alone offsets the acquisition costs for the baseline construction in 9
years. Other options do similarly as well. Aside from the economic considerations, the
environmental responsibility issues are clear. Avoiding carbon emissions is responsible
construction. The analysis of individual construction options based on this simulation will help
consumers with decision making.

The significance of this study is multi-fold. First, the study informs a unique, original decision-
support simulation for consumers. Second, the study evaluates both break-even and environmental
considerations for complex decisions associated with building. Third, the study shows that building
sustainably may be green for the environment and the pocketbook.

4.1.1. Policy.

There are also policy requirements for sustainable construction. That policy push towards
sustainable construction is evolving to a universal mandate with penalties for failure to comply. The
prime example is in California where a new law passed a solar mandate where all new homes built
after 1 January 2020 must be equipped with a solar electric system. That system must be sized that it
will offset 100% of the home’s electricity usage. This mandate is one aspect of the California Energy
Commission’s initiative to have 50% of the entire State of California’s energy production be from a
clean energy source by 2030 [56]. Continuing with the California mandates on sustainability
mandates, California passed another law recently signed by Gov. Brown that imposes water usage
requirements. The law states that all California residents will be restricted to 55 gallons/day water
usage by 2022 and is reduced to 50 gallons/day by 2030 [57]. While both initiatives discuss the
mandates, neither has shown the penalty for failure to comply or even specifics on implementation.
What is clear is that the mandates on both electric and water usage are the wave of the future and
appear to be only the start in California with certainty that other States will adopt similar measures.
A proactive approach leveraging the analysis presented here and elsewhere will help both builders
and buyers.

Another implication of this analysis shows that the return on investment requires the occupant
to live in the home for an extended period to make the up-front costs viable on the back end. An issue
that is imperative to ensure economic break-even is the inclusion of accessibility as part of the
engineering design process. One reason people must leave their homes is impairment of mobility
and access. The solution to this from a policy perspective should be that all homes being built should
also be required to meet basic American with Disabilities Act Accessibility Guidelines. The ADA does
not apply to private residences, but a significant sustainability policy implication is that it should be
extended along with the resource mandates as mentioned on power and water. These guidelines have
minimum standards to exterior access, parking, hallway dimensions, bathroom access, as well as
reach and appliance access. The International Code Council publishes new International Building
Codes every 3 years, and the current code was published in 2018, known as ICC IBC-2018. The time
is now to incorporate the ADA accessibility standards into the new code to be published in 2021,
which would require all new construction, both private and public, to meet these standards. In so
doing, this would allow individuals to remain in their homes longer, and experience longer ROI on
all sustainability aspects of their home. While the residence discussed in this case study is not yet
fully ADA compliant, it was designed with the minimum hallway, bathroom, and parking
requirements to support future disability of its residents.
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4.1.2. Limitations

The limitations of the simulation in this study are significant. First, only a limited subset of
sustainable and non-sustainable construction components is considered. Many others will be
added in future work, but modeling the universe is not realistic. Second, the estimates in this
study are based on evidence and professional assessment; however, they may contain more error
than modeled. Third, the distributions selected, while ostensibly reasonable, may be improved

with additional analysis.

4.1.3. Future Sustainable Improvements and Modeling

All add-on construction to the residence included mini-splits (both in wall and in roof
systems). These systems have more upfront costs but are much more energy efficient, as they do
not lose energy through ductwork. Further, they are now inconspicuous and highly effective [58].
See Figure 25 for pictures of in-roof and in-wall systems installed in the residence. In new
construction, these systems should be considered due to their efficiency and elimination of
ductwork and other requirements.

Figure 25. Mini-split units mounted in research residence, wall and roof versions

Another new construction consideration is the use of wireless multi-gang light switches.
These fixtures can minimize wiring requirements by using a single drop instead of multiple drops.
With the advent of 5G, it might be possible to eliminate CAT6 wiring during residential
construction in the future as well.

This is the first simulation of its type that quantifies multiple sustainable construction options,
associated break-even points, and environmental considerations. In future simulations, wind power
as well as natural gas and propane will be modeled. Distributions and parameters will be refined
where possible, and additional input options for users will appear.
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A Comparative Analysis of Health Care Systems in India and Vietnam

Priya Sarma
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The United Nation’s 2030 Agenda for Sustainable Development aims to “end poverty and hunger,
in all their forms and dimensions, and to ensure that all human beings can fulfill their potential in
dignity and equality and in a healthy environment.” According to the Agenda, the elimination of
poverty and the improvement of health can be attained through the implementation of universal
health care in all countries. Countries that have adopted universal health care have been shown to
improve health indicators such as health status, risk factors, service coverage, etc. (World Health
Organization) The shift towards universal health care exists because of three primary reasons:
health benefits, political benefits, and economic benefits. It is, therefore, crucial to note that the
political economy of a country has the ability to influence the health care reform process. These
UN Goals are being considered proactively in developing countries. For this paper, we will be
analyzing the healthcare systems in two developing countries, viz. India and Vietnam and both
the countries’ efforts to implement universal healthcare. We will evaluate their systems while
taking into consideration the political economy and history of these two countries; as well as
introduce certain metrics that will help us define what “successful” health coverage looks like.
The success of the indicators is closely tied with the model and success of the health coverage
system. An analysis of these two countries will allow us to form conclusions about the efficacy
of certain models in developing countries. Our conclusions will allow us to provide key findings
and recommendations to other countries in similar conditions seeking to implement universal

healthcare.
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User Experience Improvement on Digital Platforms through Personalized
Helpful Information

Mohsen Ahmadian, Josephine Namayanja
University of Massachusetts - Boston

Abstract

Nowadays, user-generated content (UGC) is an important source of information on digital
platforms. Online users share millions of contents daily; however, not all UGC’s are helpful for
other users to use them as a source of information in their decision-making process. Digital
platforms can help their users by providing the users with personalized helpful information that
makes the decision-making process faster and easier for them. In this study, we develop a model
that predicts the helpfulness of UGC’s. We extract the predictor variables from the characteristics
of the contents, the generators, and the user. We, then, apply machine learning techniques to real
data from an online platform to develop and test the model. Findings of this study can help the
digital platforms to improve their performance by providing personalized user experience for their

users.

Keywords: User Behavior, Personalization, User-Generated Content, Digital Platforms, Review
Helpfulness
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Putting a Price on Everything? Dealing Responsible with the Internalization of
Environmental Damage Costs

Maximilian Pieper
Technische Universitat Miinchen

Abstract
The concept of internalizing external environmental costs by putting a tax on them has gained

much popularity in recent times and is seen as a potential key economic instrument for tackling
climate change and other forms of environmental degradation. In contrast to alternative
measures such as the cap-and-trade scheme, the simplicity of a taxation concept allows for fast
political implementation and little bureaucratic effort. The payment of environmental costs has
also opened a market for voluntary compensation payments. For example: For every flight one
takes, one can pay the price of the caused environmental damage to a company, which will
finance a sustainable project somewhere in the world with this money; thereby compensating
for the environmental damage of the flight. The question arises, however, whether such
internalization is effective in combating and stopping the tremendous anthropological impact
on the ecosphere. What are the pitfalls of an environmental tax and how can national and
international politics deal with them? Such comprehensive assessment of this form of
internalization seems to be missing in current literature. I aim to fill this gap by mapping three
essential forms of rebound effects on the internalization method of environmental taxes and

propose a framework on how to deal with such effects.

In this paper, I make the point that an uncritical application of environmental taxes not only
fails to tackle the anthropogenic ecological impact, but further runs danger of enhancing and
justifying it. There are three different aspects contributing to this criticism. Those three aspects
can be thought of as three types of rebound effects, whereby | refer to the characterization by
Paech ! : Growth effects, psychological rebound effects and technical rebound effects are
differentiated. These rebound effects arise because of an isolated observation of positive
sustainability effects of environmental taxes on one decision level, while simultaneously
neglecting further (negative sustainability) effects on other levels. More specific, all three
rebound effects arise out of the illusion that environmental damage is indefinitely reversible

through monetary compensation payments.

! Directional Certainty in Sustainability-Oriented Innovation Management®, in Innovations Towards

Sustainability, hg. von Marco Lehmann-Waffenschmidt (Heidelberg: Physica-Verlag HD, 2006), 121-
39, https://doi.org/10.1007/978-3-7908-1650-1_10.
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The first aspect of criticism is that this illusion leads to growth effects and thus to the expansion
of markets and further economic growth, the main driver of increasing rates of ecological
degradation. When the incommensurability of certain goods is neglected, everything can be
turned into a commodity with an associated price. Goods that were previously not part of the
market system can be traded, extracted or destroyed, if only the associated price is paid. The
second aspect of criticism relates to psychological rebound effects. Taxing environmental
effects may negatively influence the decision-making process of the individual, in the sense that
such payments are thought to completely level out the environmental damage of one’s
consumption or investment decisions. If environmental damages are monetarily compensated,
a person might lose its feeling of guilt for causing them. The individual may thus consume more
products and services associated with high environmental damage. Additionally,
environmentally conscious individuals formerly avoiding such problematic products and
services could become additional consumers of them. The third aspects concerns technical
rebound effects. Not all forms of environmental damage can be quantified and monetized with
the same precision, as data might not always be available or controversial value judgements
about the worth of certain goods might be involved. Out of this follows that not all forms of
environmental damage can be taxed. Technical rebound effects might thus occur; in the sense
that businesses will avoid producing those environmental damages that are monetized.
However, this might be achieved by shifting towards unmonetized environmental damages.
Take for example a certain pesticide in agriculture whose environmental damage was calculated
and taxed accordingly. Instead of switching to a more eco-friendly pesticide or using no
pesticide at all, the farmer might instead choose a pesticide that is just as bad as the old one but

whose effects on the environment couldn’t yet be estimated and taxed.

Building on these three identified rebound effects and the according shortcomings of
environmental taxes | propose a framework for policymakers which allows for a responsible
implementation of this form of internalization. Instead of discarding environmental taxes all
together, an approach that combines this instrument with other market control mechanisms
appears to be more reasonable. That is, because not pricing in the environmental impacts into
the monetary value of a good would implicitly set the price of those impacts to zero. In the
proposed framework, growth effects can be prevented by deliberately banning the
commodification of (ecologically or ethically) critical goods and thereby preventing their entry
into the market sphere. This would have to be paired with the intentional decommaodification of
critical goods that have already entered the market sphere. Regarding psychological rebound

effects, these can be tackled by introducing limits to the consumption of non-essential products
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and services with an especially large ecological footprint. Exemplary, one could allow for only
two flights per person per year. Last, the technical rebound effects can be prevented by
extending on policies such as the European REACH-legislation, introduced to register, evaluate,
authorize and restrict chemicals upon entry to the market. Such process could be extended by a
mandatory assessment of ecological damages of all chemicals and resources before being
allowed in the market. If a monetary impact assessment of a chemical turns out not to be possible
due to insufficient data, approximated values from familiar chemicals could be consulted. If an
approximation might also be not possible, the market entry of a chemical could be delayed or
prohibited.

This paper should be seen as a first approach towards pricing in and thus internalizing
environmental damage costs, in which the danger of rebound effects is considered and
addressed. Consequently, the proposed framework for the introduction of environmental taxes
does not run danger of stimulating further economic growth effects, which lie at the heart of the

current ecological crises.
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Air Pollution
Competent Waste Control, Management and Maintenance: A Heuristic Approach to a
Sustainable Habitation, Clean Oxygen and Environment: A Study of Owerri
Municipal, Nigeria

Chinedu Justice Ibe
Akanu Ibiam Federal Polytechnic, Unwana, Ebonyi State

Abstract

Solid waste is regarded as any moveable items, materials or objects becoming a hazard and no
longer useful, ready to be disposed by the user. This paper was undertaken to analyze and access
the management, maintenance and control strategies of solid waste disposal in Owerri Municipal,
Imo State, Nigeria. It also delved into the various patterns of which wastes are being generated
and indiscriminately disposed, posing a hazard and threat to public health and contamination to
the environment. This paper also investigated the inability of various government agencies
involved in waste control management to effectively team up to facilitate and deliver a potent
waste management services. Also identified in this paper is the poor environmental policies and
legislation, poor technology, corruption, traffic congestion, insecurity, ignorance and poor
developmental plans were seen as major challenges. Some objectives were identified in this study
and the data collected were also analyzed. There are vital suggestions, contributions, guides and
recommendations geared towards bringing cohesion, harmony, efficiency, consistency and
awareness to a cleaner, unpolluted and sustainable habitation in Owerri urban.

Keywords: Solid waste, Hazard, Contamination, Control Strategies, Indiscriminately, facilities,
potent.
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An Integrated Approach to Preparing Business Plan Financials for First
Year College Students

Peter Hahn, John McQuilkin, Tyler Potter
Roger Williams University, Marion J. Gabelli School of Business

Abstract

A rigorous and full Business Plan for a new venture is a core requirement of BUSN100:
Enterprise, a freshman level course at our business school. Students follow a Business Plan
outline, which includes the preparation of basic but complete financial projections and
statements. This task is challenging for students without introductory Financial Accounting or
exposure to financial forecasting methods. In addition, faculty who teach Enterprise, mostly
Adjuncts, come from various practitioner backgrounds and have varying degrees of familiarity
with Accounting and financial forecasting models. Given these challenges, and noting the
benefits of consistency in student outcomes and assurance of learning, the authors have
developed a multi-tool integrated system to effectively educate and train first-year students in
the preparation of a Business Plan including financials. This approach includes:

(1) Linked Excel financial statement templates;

(2) Step-by-step student instructional narratives explaining the logic and rationale behind
the financial forecasting methodologies and the templates;

(3) A faculty instructional manual explaining how to use the Excel templates;

(4) A series of audio/visual Panopto videos explaining to students the systematic process to
create financial statements.

Two school of business faculty, one adjunct and one tenured developed this system with
significant assistance from students in the advanced Accounting course. These advanced

Accounting majors assisted in the development of the templates, instructional narratives and
Panopto videos. The underlying assumption is that student-to-student learning is often very
effective when presented at a peer conceptual level versus professor-to-student. The
individual tools from this effort were implemented in the Enterprise classroom by one of the
professors involved in the development of the system. The fully integrated learning system
will be completed and tested in Enterprise in the spring semester of 2020. Our presentation
will focus on explaining this integrated approach to teaching a freshman course in new
venture financial planning.
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Assessing the Impact of Professional Certifications on Time-to-Hire, Job Satisfaction, and
Career Growth of Health Administration Alumni

Zo Ramamonjiarivelo, Cristian Lieneck, Clemens Scott Kruse,
Lloyd Greene, Larry Fulton
Texas State University, School of Health Administration

Abstract

Professional certifications are valuable resources; they reassure hiring organizations about the
knowledge and competence of candidates and they help certified individuals to be more
competitive in the job market. As such, some academic programs have included professional
certifications in their curricula. The purpose of this study was to assess the effectiveness of
professional certifications implemented in both undergraduate (BHA) and graduate (MHA)
healthcare administration programs on time to employment, job satisfaction, and career growth.
Data were collected using a survey of BHA and MHA alumni administered on Qualtrics (response
rate = 24%; n=75). Our dependent variables included job satisfaction, job growth, a linear
combination of the two, and time to employment. Validated survey instruments were used to
measure the dependent variables. Our independent variable was “professional certification” using
the dichotomous values of Lean Six Sigma, Excel Basic, Excel Expert, and QuickBooks
certifications. Survey response latitudes and longitudes were also captured to assess the impact of
geographic location on the dependent variables. Results from Welch two-sample t-tests suggested
that Excel Basic certification was significantly associated with shorter time to employment, while
Excel Expert was marginally associated with shorter time to employment. None of the
certifications were associated with job satisfaction, job growth or the combination of the two.
Results also suggested that students hired in larger cities reported higher levels of satisfaction and
growth. While this is a preliminary study, findings support preceptors’ requests for students with
Excel skills.
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Introduction

Professional certifications are often included as a formal aspect of higher-education
programs such as health administration and business. For these types of programs, the
certification is often a clear fit with the curriculum. Research suggests that even when such
certifications are not closely related to program requirements (e.g., liberal arts programs),
students and the institution can still benefit from certifications that demonstrate industry-specific
skills (Blumenstyk, 2018, 2019). Employees and human resources managers have shown
increased interest in hiring candidates with recognized professional certifications that provide
third-party verification of skills (Adams, Brauer, Karas, Bresnahan, & Murphy, 2004; Raymond,
2001). Such external certifications may also play a major role in career growth (HRCI, 2010).

Extant literature suggests that professional certifications benefit both employers and
employees. On the one hand, employers benefit from hiring applicants with external
certifications because they add credibility to the organization, they possess up-to-date knowledge
and skills that increase effectiveness and efficiency in job performance, they expose the
organization to innovative ideas, and they have a positive impact on organization’s profitability
(HRCI, 2010; Lee, 2018; Stefl, 2008). Furthermore, research demonstrates that individuals value
these external, professional certifications because they increase and update their knowledge of
the profession, indicate employee’s possession of required competence and commitment to the
profession, increase confidence in job performance, provide job security, enhance work quality,
determine credibility, increase reputation, ensure ease of finding future jobs, facilitate
professional growth, offer potential for higher compensations, and increase employee satisfaction
(Adams et al., 2004; HRCI, 2010; Niebuhr & Biel, 2007; Schroeter, Byrne, Klink, Beier, &

McAndrew, 2012; Stefl, 2008).
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Professional certifications are part of lifelong learning of healthcare administrators as
suggested by the American College of Healthcare Executives (ACHE, 2012) and there are some
job postings that include professional certifications in their list of credentials. Program faculty
conducted an assessment of their healthcare management courses and provided suggestions for
external certifications that mirror their course objectives and overall competency model. While
several professional stakeholder organizations offer both membership opportunities (to include
student memberships), credentialing opportunities also exist in the field of healthcare
management (Healthcare Management Degree Guide, 2020). It was quickly recognized that
such credentialing programs were not attainable for current students (both BHA and MHA), most
often due to a) program membership dues, and b) often a requirement for membership tenure
(number of years as a student and/or full-paying dues member) prior to entering the credentialing
process. Further, it was then identified that other external certifications attainable by both
undergraduate and graduate students better mapped to the program’s competency model and
curriculum at a more organic, learning objective level.

In addition, these certifications, infused into program curriculum, were intended to apply course
objectives to ‘real-world’ practitioner processes and programs, as well as assist in the
marketability of program graduates upon graduation.

Given that professional certifications enhance graduates’ competitiveness in job search,
because they validate the candidates’ knowledge and expertise of the subject matter, graduates
with professional certifications will find a job faster than those without certifications, holding
other variables constant. Once hired, employees with professional certifications are viewed as
more knowledgeable and competent than those without certifications. Therefore, they may be

given more challenging responsibilities and higher compensation that may lead to faster career

56



growth and satisfaction, respectively. The researchers also assumed that if assessed value of the
certifications was to be conducted in the study, job satisfaction would also be important to
evaluate (possibly linking certification to performance, with performance influencing the
alumni’s overall job satisfaction).

If professional certifications have a positive effect on both employers and students (future
employees), academic program administrators should consider their adoption (assimilation into
program curriculum). To determine the value of the certifications also requires proper and
ongoing assessment by the academic program. Programs should consider including assessment
mechanisms to measure the effectiveness of any adopted certifications, and which certification(s)
to adopt is a question that requires exploration.

Often lacking (but not entirely a new concept) in higher education (White & Vester,
2017), the knowledge of Six Sigma quality improvement initiatives, Microsoft Excel spreadsheet
intricacies, and especially financial accounting software particulars, these job-ready skills are
typically learned after employee has been hired and training is issued on-the-job. Furthering the
initiative for job-ready graduates, such certifications assist (and formally document) the
candidate’s qualifications for the position, both the graduating student and future employer with
these on-the-job tasks, instilling additional confidence by possessing a certification from an

external entity/organization. (Mangan, 2015; Blumenstyk, 2019).

The authors of this manuscript are faculty and administrators in both undergraduate and
graduate professional programs for healthcare administration. Two years ago, our programs
chose to adopt multiple professional certifications commensurate with our role as healthcare
administrators. The Board of Governor’s Exam for the American College of Healthcare

Executives requires five years tenure as an ACHE member (does not include student
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membership type) before Fellowship status is considered. However, there are other certifications
appropriate for healthcare administration students to assist in this initiative during career

readiness preparations.

The Advisory Board for undergraduate and graduate programs at the authors’ university
asked the programs to increase proficiency of Microsoft Excel skills. The program leadership for
both the Bachelor of Health Administration (BHA) and Master of Health Administration (MHA)
programs responded by teaching the body of knowledge for the MS Excel MOS Basic and MS
Excel MOS Expert certifications. Implemented in the appropriate courses, these certifications
must be attempted by all students and are part of the course grades. For the undergraduate
student, the Excel MOS Basic certification is required as part of the finance course, and the
Excel MOS Expert certification is part of the operations management course. For graduate
students, Excel MOS Basic is part of statistics course, and the Excel MOS Advanced is part of
healthcare finance. Students are provided LinkedIn learning tutorials and a faculty-led training
session to prepare. Pass rates for the MOS Excel Basic are between 95% and 100%
(undergraduate and graduate). MOS Excel Expert is more difficult, and the pass rate is between
70% and 80%.

Our programs selected Lean Six Sigma Green Belt, Microsoft Excel, and QuickBooks
certifications to address the following competencies: Quality Improvement, Risk Management,
Patient’s Perspective, Quantitative Analysis, and Professional Development and Lifelong
Learning. They were also chosen to meet the needs/suggestions of stakeholders. For instance,
Microsoft Excel proficiency was suggested by our programs Advisory Board and an important
skill that students should acquire. Based on the recommendation of our CAHME accreditation

team and our preceptors we included Lean Six Sigma Breen Belt certification in health care in
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our curricula. Also, LSSGB certification is valuable due to the growing pressure health care
organizations are facing with respect to improving health care quality while reducing cost.
However, the US health care system has a shortage of workforce that specialize in quality
improvement. Therefore, equipping our students with this certification will make them more
competitive in the job market. In the same vein, we chose QuickBooks certification to fill the
shortage in accountants in the US healthcare system, who are important helping organizations to
become more cost-effective.

The Institute of Industrial and Systems Engineers (IISE) provides LSSGB in Healthcare
certification for both BHA and MHA programs. This certification is provided during the quality
improvement courses for both the BHA and MHA programs. Students are provided at most three
opportunities to pass this examination; the pass rate for the undergraduate students ranges
between 80% and 93%. For the graduate students, the pass rate is typically between 90% and
100%.

QuickBooks certification was also included in the curriculum to Students in the BHA
must now attempt Intuit’s QuickBooks certification (QuickBooks Certified User) as part of the
financial accounting course, while MHA students are provided the option to do so. The financial
accounting course in the BHA curriculum remains the benchmark study-skills and math
applications course for the degree program, preceding a rigorous financial management course to
be taken the following semester. Students in this accounting course are to ultimately develop
valid and reliable financial statements using specific GAAP-compliant procedures, as well as
recent ACA (2010) income statement requirements. The first two-thirds of the course’s semester
follow traditional classroom protocols, to include textbook readings, lecture, homework, and

high-stakes examinations. One competency to be demonstrated by the student is manually

59



creating detailed healthcare organization financial statements (handwritten). However, reality is
then infused into the course curriculum by focusing the final third of the semester on automated
bookkeeping and financial statement development. This task is completed by using Intuit’s
QuickBooks educational software and related instructor resources in the School’s on-campus
computer lab. Utilized by many business schools across the country, QuickBooks offers a
Certified QuickBooks User (QBCU) credential for students who pass the Intuit online
QuickBooks desktop examination. In the end, students learn the intricacies of financial
accounting by manual collection, accumulation, and presentation of financial information, and
then apply the accounting cycle process and related classwork within an automated accounting
software to best-replicate their professional expectations beyond graduation.

Two years have passed since these decisions were made, so the leadership of these
programs chose to conduct an initial alumni query (assessment) to determine the marketability
and job satisfaction relative to these certifications. The program leadership designed a survey
separate from its annual alumni survey to measure the effectiveness of the certification. The
research questions were: 1) What has been the alumni marketability effect of the professional
certifications (additional offers, rapid employment), 2) what has been the job-satisfaction of
alumni who obtained professional certifications (high paying jobs, desirable locations), and 3)
what has been the career growth of alumni who obtained professional certification? We
hypothesized the following: Compared with alumni who have not obtained professional
certifications, alumni who obtained professional certification(s) will have a shorter time to
employment, a higher job satisfaction, and a faster career growth. Further, we gathered
information regarding placement location to map satisfaction by region and looked for patterns

(exploratory). Limited research on the incorporation of external certifications in healthcare
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administration programs currently exists, while program faculty conducted this exploration to
assist in due-diligence and competency-based curriculum initiatives.

Methods

Research Question Review and Sampling Frame

This preliminary study evaluated the value of professional certification and the number of
its associations with the dependent variables: job satisfaction, job growth, a linear combination
of satisfaction and growth, as well as time to employment. The baseline hypothesis was one-
directional, assuming that certifications should positively affect all dependent variables. Gender
differences were also investigated. The study leveraged previously validated surveys on job
training and job satisfaction (Schmidt, 2004) and career growth and organizational commitment
(Weng, McElroy, Morrow, & Liu, 2010). In addition, location of each survey respondent was
also evaluated to see its effect on the dependent variables through geospatial mapping.

This study was approved by the university’s Institutional Review Board (protocol #
6790). The sampling frame for the study were all 2014 -2019 Bachelor and Master of Health
Administration alumni from the university’s BHA and MHA programs. The sampling frame is
expected to be a reasonable representation of the population of interest. The total number in the
sampling frame was 415 alumni.

Data, Missing Data, and Software

Survey data were collected using Qualtrics. Over the course of 6 weeks, 415 alumni
were invited three times to participate. During this time, 101 attempts to take the survey were
recorded (24% response rate). However, 24 responses were almost totally incomplete resulting in

77 useful observations. Additionally, 1 individual selected “I choose not to participate,” and
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another provided two different submissions, ostensibly to update job status. The latter of the two
submissions was retained. The result was n=75 complete responses.

In addition, four of the remaining respondents (all out of state placements) were missing
latitudes and longitudes. These were imputed using their current positions and alumni LinkedIn
information. Two respondents did not answer the certification question. These non-responses
were assumed to be modal (no certification) responses. Four respondents did not respond to time
to employment. Three of these were known, and one was not seeking employment. Imputation
using actual values was performed. Two respondents did not select citizenship status, and we
populated those missing values by using academic programs data. After these manipulations,
only 3% of the observations were missing. The 3% missing were imputed with means column-
by-column. This is a conservative method that will result in more Type 2 errors during mean
testing. R Statistical Software (2018) and Microsoft Excel were used for the analysis (Team,
2018). Excel provided the GIS mapping using 3D Maps connected to Bing, while R generated
the remainder of the descriptive and inferential analyses.

Variables and Definitions

The dependent variables of interest were job satisfaction, job growth, a linear
combination of the two, and time to employment. Job satisfaction is defined as the average of
the Schmidt (2004) survey instrument responses shown in Table 1 after reverse coding. The
scale for each question was a 6-point Likert scale. Job growth is the average of the Weng et al.
(2010) survey instrument measure on a 5-point Likert scale (see Table 1 for the instrument). A
linear combination of the two variables was generated by re-scaling and addition. The 6-point
Likert scale average was re-scaled to 5-points and added to the 5-point Likert average. See

Equation 1.
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5
A X Average Satisfaction Score + Average Growth Score (D)

Survey questions are shown in Table 1. Question 13 and subcomponents evaluate job
satisfaction, while question 14 and parts evaluate job growth. Other variables measured and
defined are shown in Table 1.

Survey Item Re-coding. Gender responses were assigned based on academic program
data (all were recent graduates of approximately the same age group). Job data were recoded as
administrator/manager, analyst/coordinator/specialist, or other. Occupation data were recoded as
either direct care or other. Work / visa status was either “American citizen” or “other.” Time to
employment (“Time_to Job”) was coded as {-3, 0, 3, 6, 9, 12, 15} to estimate (as a quantitative
variable) the categories {>3 months before graduation, 0 to 3 months before graduation, >0 to 3
months after graduation, >3 months to 6 months after graduation, >6 months to 9 months after
graduation, >9 months to 12 months after graduation, >12 months after graduation},
respectively. Further, the variable was collapsed to {employment before 3 months after
graduation, employment later than 3 months after graduation} to evaluate as a categorical
variable. Finally, respondents with Microsoft Excel Expert certification were also coded as
having Excel Basic certification (a dichotomous variable), as it is a subset of skills.

Geographical Information System (GIS) Analysis. Survey response latitudes and
longitudes were captured as part of the analysis. While these may not perfectly reflect the
locations of the respondents’ positions, a sample of 20 proved a 1:1 match for the city where
their occupation was. Using these location variables, maps of satisfaction, growth, and the linear
combination of the two were generated using 3D mapping in Microsoft Excel (which links to
Bing mapping). This analysis is descriptive in nature only but provides interesting and logical

insights.
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Statistical Tests. Due to the relatively small sample size, it was not possible to build
large multivariate models. Instead, we evaluated the effects of certification and associations on
the dependent variables separately. While this increases Type 1 error, the study itself was
preliminary, intended to generate ideas and insights for a larger-scale implementation and further
faculty member collaboration on the initiative.

Welch two-sample t-tests (robust to violations of normality) were used for evaluating
certifications, associations, and gender against mean job satisfaction, mean job growth, the linear
combination of the two, and mean time to employment. The dependent variables were also

evaluated against the number of associations via correlation.

Results
Reliability
We first evaluated the reliability of the survey items using Cronbach’s alpha after reverse
coding the appropriate items. For question 13 subcomponents, Cronbach’s alpha was .879 with a
bootstrapped 95% confidence interval of (.831, .909) after 10,000 samples. For question 14
subcomponents, Cronbach’s alpha was .938 with a bootstrapped 95% confidence interval (.901,
.960). Both results indicate that the survey questions are measuring their associated constructs

reasonably.
Descriptive Statistics

Means, standard deviations, minimums, and maximums are shown in Table 1. The
average alumnus was employed in 4 months (sd=4.5) and had mean job satisfaction of 4.4 out of
6 sd=0.67). Mean job growth potential was rated as 3.7 out of 5 (sd=0.7) for the average
alumnus, and the mean linear combination of satisfaction and growth was 7.4 out of 10
(sd=1.13). Most respondents were female (64%), citizens (87%), and part of direct care
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organizations (68%). A large number of respondents were administrators / managers (36%). The
average number of professional associations identified by respondents was .200, although many
may have forgotten to include IISE, which provides the certification for LSSGB once
membership is established. Nearly 35% of alumni reported LSSGB certification, with 33%
reporting Excel Basic certification, 18.7% reporting Excel Expert certification, and 17.3%
reporting QuickBooks certification. Statistics for individual questions from the survey are shown

in Table 1.

Descriptive Graph

The boxplots for the dependent variables showed only a few outliers for job satisfaction
and job growth and a large right-skew for time to employment (Appendix A-Figure 4). A
hierarchical clustered correlation plot of the independent and dependent variables of primary
interest showed that job growth and job satisfaction were highly correlated (r=0.92) at the a=.05
level. Surprisingly, time to employment was negatively correlated with satisfaction (r=- 0.3) and
the linear combination of satisfaction and growth (r=- 0.27), both at the a=.05 level (correlation
matrix not shown).
Geographic Information Systems Maps

Plots of satisfaction, growth, and the linear combination of the two revealed some
interesting descriptive maps (Figures 1 through 3). Students placed in larger cities such as
Austin, San Antonio, Houston, and Dallas reported higher levels of satisfaction and growth. This
finding is not surprising, as larger cities typically offer more career options and possibilities, as
compared to more isolated, rural locations. There are implications for placement here, as El Paso,
Midland, and other outlying suburbs were associated with lower perceived satisfaction and

growth by survey respondents.
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Inferential Statistics

Welch two-sample t-tests confirmed no statistical significance between female and male
time to employment, job satisfaction, and job growth; however, there was limited evidence
(a=.10) that the linear combination of satisfaction and growth favored males (t72.03=-1.679,
p=.097, Xbar1=7.228, Xbar2=7.609). Citizenship status, organization, and job types had no
bearing on any of the dependent variables. Figure 5- Appendix A depicts the distribution of
satisfaction/growth via gender.

Welch t- tests of time to employment versus each of the four certifications provided
strong evidence that Excel Basic certification reduced time to employment (t70.5=2.007, p=.025,
Xbarl=4.62, Xbar2=2.76) and limited evidence that Excel Expert had the same effect
(t36.2=1.314, p=.099, Xbar1=4.23, Xbar2=3.00). Lean Six Sigma and QuickBooks certifications
were not statistically related to time to employment. The mean time to employment for those
with Lean Six Sigma certifications was 3.35 months versus 4.44 months for those without it.
Surprisingly, QuickBooks certification resulted in little difference in time to employment (4.15
vs. 4.03). Correlation analysis between time to employment and the number of associations was
also insignificant. Welch t-tests revealed no statistically significant relationships between
satisfaction, growth, or the combination of the two in relation to certifications or the number of
associations. Figure 6- Appendix A depicts boxplots of time to employment versus certifications.

Discussion

In this exploratory study, we found three major results. First, time to employment is
statistically lower for those with Excel MOS Basic (2.76 months versus 4.62 months) and Excel
MOS Expert (3.0 months versus 4.23 months). This finding supports our preceptors’ requests for

students with Excel skills. While not statistically significant, the time to employment for those
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with Lean Six Sigma Green Belt certification is also lower (3.35 months versus 4.44 months).
The time to hire value of certification holds up from a Human Resources Management (HRM)
point of view. Competency-based interviews that link competencies to job tasks have been
suggested to be highly predictive of a successful hire (Peregrin, 2014). Coincidentally, they also
satisfy Joint Commission requirements for job descriptions, performance evaluations, and
employee development documentation.

While QuickBooks certification does not have a meaningful statistical effect in this study,
program faculty acknowledge the necessity of student exposure to an automated financial
accounting software (which incorporates MS Excel spreadsheet use) as a vital addition to the
program curriculum. Additionally, a low number of survey respondents with this specific
certification may be due to the QuickBooks certification initially being offered as extra-credit
(initially) in the financial accounting course, prior to being changed to a required course task for
all enrolled students.

A secondary finding indicates that males have a higher linear combination of satisfaction
and growth versus females (7.228 versus 7.609). The reason for this is unknown and may require
further investigation. Since this study is exploratory, we will replicate with a larger sample in the
future to see if this result remains. In addition, the potential linkage between professional
certification and job satisfaction may require the application of certification-based skills on an
initial hire or soon thereafter. Otherwise, there would be little contribution of certification to job
satisfaction (Herzberg, 1968).

A third finding (descriptive) suggests that students placed in larger cities report higher
mean levels of satisfaction and growth, while students placed in suburban areas are associated

with less satisfaction and growth. This finding may just reflect that larger cities have more
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possibilities. Placement policies should focus more on the large metro areas subject to student-

specific requirements.

Study Limitations

The study has some limitations. First, our sample size precluded the use of more robust
inferential statistics such as regression that allows us to control for some confounding variables
that may be associated with time to hire, job growth, and job satisfaction. Second, we used
survey data that may be subject to recall and social desirability biases. Third, given our sampling
frame, the results of this study are not generalizable to all BHA and MHA programs.

Additional areas for future research identified include additional mapping of
certifications to job postings and position descriptions across a variety of healthcare management
markets, further assessing the study variables between the graduate and undergraduate degree
programs, and continuing to build upon the overall perceived value of the infusion of external
certifications in program curriculum. Opportunities to continue the exploratory analysis will
assist program leaders in demonstrating competency-based knowledge and skills by both
program completion and external, third-party certification at the individual student level. It is
also suggested that program reputation and overall marketability of program graduates be
assessed long-term. Furthermore, another area for future research may consist of assessing the
relationship between professional certification type and the kind of jobs that graduates obtain.

Conclusions

Recent years have demonstrated an ongoing concern surrounding higher education costs
and benefits, as assessed by multiple stakeholders: students, graduates, parents, and especially
employers of these graduates. Everyone involved is searching for the best value (quality over
cost), yet such variables continue to be inherently latent, with many expectations and perceptions
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for each varying by individual (Borden & Holthaus, 2018). Higher education institutions, while
changing in its delivery methods rapidly, continues to work on delivering a product that will
satisfy as many stakeholders as possible (Newman, 2019; Weissman, 2019), and the infusion of
external certifications into the course content and classroom experience demonstrate such
initiative. However, often higher education competencies and workforce development skills
(such as additional industry certifications and continuing education credits) are often viewed as

separate initiatives (Kim & Tamborini, 2019).

Higher education continues to also serve as a gateway toward career development and
progression for many professions. Individual motivations to attend college may vary, and the
conferred degree upon completion of one’s studies is still considered quite an achievement. That
said, the overall value of the undergraduate education has continued to be investigated by
younger generations as they are expected to pay more now, more than ever, for the same
educational opportunities as their predecessors (Lobo & Burke-Smalley, 2018). Often using
government (subsidized and unsubsidized) loan programs, the demonstrated burden of school
debt has all higher education stakeholders continuing to question overall value.

Healthcare administration programs are professional management programs, teaching
competencies required in the many sections of the healthcare industry. Ongoing societal
perspective regarding the difference between ‘book smarts’ and ‘street smarts’ 1s often discussed
by those hiring recent graduates of programs, and educational programs are constantly trying to
demonstrate the relevance of course objectives, as related to the ‘real world” (Witt, Sandoe,
Dunlap & Leon, 2019; Caplan, 2018; Darling-Hammond, Wilhoit & Pittenger, 2014). In an
attempt to further demonstrate applicability of course material to the external field, our BHA and

MHA programs choose to incorporate external certifications into selected courses to help achieve
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this initiative in their curriculums. Healthcare Administration programs should consider
incorporating appropriate certifications and assessing the value of those certifications. These
considerations should include stakeholder input and value, as well as follow-on assessment of
perceived effectiveness. From a HRM perspective, perceived merit (professional certifications)
versus earned merit (actual job performance) are important concepts and issues to consider as

hiring managers try to make these distinctions.
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