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Hospitalist burnout 
and sociotechnical 
factors contributing 
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Research measures toll of physicians’ mental,  
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National studies have shown that almost 50% of 
physicians experience some manifestations of burn-
out. Specialties at the front line of healthcare ac-
cess, including internal medicine, emergency, and 
primary medicine, show rates higher than national 
averages (“Changes in Burnout and Satisfaction 

With Work-Life Integration in Physicians and the General 
U.S. Working Population Between 2011 and 2017,” Tait D. 
Shanafelt, Colin P. West, Christine Sinsky, Mickey Trockel, 
Michael Tutty, Daniel V. Satele, Lindsey E. Carlasare and Lotte 
N. Dyrbye, Mayo Clinic Proceedings, 2019). 

Providers with extensive direct patient care, like hospitalists, 
have been shown to have the greatest risk for burnout. Hospi-
talists perform a central role in the delivery of patient care in 
the inpatient setting. While responsible for the general inter-
nal medicine care of admitted patients, they attend to a broad 
spectrum of increasingly complex, higher acuity patients who 
often have a number of comorbidities. The nature of the care 
they provide requires working with a broad range of provider-
specialists and support staff across the healthcare facility. 

This complexity and interdependence with numerous other 
groups exposes the importance of the sociotechnical systems 
operating within the inpatient setting. Breakdowns within 
these systems have a negative impact on hospitalists’ ability to 
deliver efficient, high quality patient care and potentially in-
crease the risk of burnout. 

Recent work has focused on work processes associated with 
health information technology, such as electronic health re-
cords (EHRs), as a primary source of providers’ burnout. 
However, to get a complete picture of all the systemic factors 
contributing to burnout, a broader sociotechnical approach is 
required to capture the complexity of the interconnected sys-
tems. Therefore, the objective of this study was to assess the 
levels of burnout among hospitalists and the differences in per-
ceived sociotechnical factors contributing to such burnout. 

Methods, participants and data collection
This research was reviewed and approved for exemption by 
the institutional review board committee at the participating 
institutions. Hospitalists at two healthcare facilities within a 
large integrated healthcare system – one an academic medical 
center, the other a large community hospital – were the target 
population of this study. 

 A survey was administered to all hospitalists at the two 
participating hospitals. The survey instrument was created to 
gather responses to three components: 1. demographic items, 
such as sex, age, length of tenure in current position and hos-
pital type; 2. healthcare workplace burnout measures, includ-
ing the full 22-item Maslach Burnout Inventory (MBI-HSS; 
see related article at right); and 3. 27 items based on various 
sociotechnical workplace factors, such as issues related to work 
processes, organizational culture, efficiency and usability of 

EHR and other technologies, communications and relation-
ships within and outside groups and role clarity. 

This survey was administered to all hospitalists at the two 
participating hospitals. Participants were asked to rate the ex-
tent to which they felt the specific workplace factor contrib-
uted to their stress, with higher values representing stronger 
agreement that the factor did contribute to distress. 

Data analysis of burnout rates and factors
To understand the extent of hospitalist burnout, we employed 
three dichotomous definitions of burnout – low, moderate 

N Defining and measuring burnout 
The Maslach Burnout Inventory (MBI) is a 22-item measure 
of perceived burnout in the human services profession and 
was developed by Christina Maslach, a pioneer in the study 
of burnout. Maslach is credited with the formation of one of 
the most widely used definitions of burnout as “a syndrome of 
emotional exhaustion, depersonalization and reduced personal 
accomplishment that can occur among individuals who do 
people-work of some kind.”

The MBI is divided into sub-scales that independently 
measure levels of burnout in three main areas: emotional 
exhaustion (nine items), feelings of being emotionally 
overextended and exhausted by one’s work; depersonalization 
(five items), an unfeeling and impersonal response toward 
recipients of one’s service, care treatment or instruction; and 
personal accomplishment (eight items), feelings of competence 
and successful achievement in one’s work.

Burnout is included in the World Health Organization’s 
(WHO) 11th Revision of the International Classification of 
Diseases as an occupational phenomenon, and is not classified 
as a medical condition. It is described as: “Factors influencing 
health status or contact with health services.” That includes 
reasons for which people contact health services but that are 
not classed as illnesses or health conditions. 

Burnout is defined by the WHO as “a syndrome conceptualized 
as resulting from chronic workplace stress that has not been 
successfully managed. It is characterized by three dimensions: 

• Feelings of energy depletion or exhaustion;
• Increased mental distance from one’s job, or feelings of 

negativism or cynicism related to one’s job; and
• Reduced professional efficacy.

Burnout refers specifically to phenomena in the occupational 
context and should not be applied to describe experiences in 
other areas of life.”

To read more, visit the WHO site at link.iise.org/who_burnout.

http://link.iise.org/who_burnout
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and highly restrictive. Least 
restrictive is burnout defined 
by the experience of high 
levels of at least one manifes-
tation of burnout: emotional 
exhaustion (EE) >= 27; de-
personalization (DP) >= 10; 
and personal accomplishment 
(PA) <= 33. Moderately re-
strictive was burnout defined 
as experiencing high levels on 
two manifestations of burn-
out. And most restrictive is 
burnout defined as experienc-
ing all three manifestations of 
burnout: high on EE and DP, 
low on PA. 

To explore the associa-
tion between burnout and 
the perception of socio-tech-
nical factors, we used inde-
pendent two-sample T-test 
(two-tailed) to identify fac-
tors differing significantly as a 
function of burnout level. Sig-
nificance level was set at 0.05. 
The moderately restrictive 
dichotomous definition was 
used to perform this analysis as 
it yielded appropriate sample 
size within each group: N = 
26 with burnout (45%) vs. N = 34 (55%) without burnout.

The overall survey participation rate was 68%, 58 of 85 
eligible hospitalists at the academic medical center (67%) and 
community hospital (71%). Of those responding, 41% were 
male and 59% female. Their ages: 28% were younger than 35, 
45% were ages 35 to 44, 21% were ages 45 to 54, 7% were ages 
55 to 64. There were 59% of respondents from the academ-
ic medical center, 41% from the community hospital. Their 
length of tenure in position was 43% with four or fewer years, 
35% with five to nine years, 16% with 10 to 14 years and 5% 
with 15 years or more. 

Figure 1 presents the overall and demographic results for 
hospitalists experiencing high vs. low burnout. The less re-
strictive definition of burnout (experience one manifestation 
– i.e., sub-scale, of burnout) yielded burnout rates of 69%. The 
moderately restrictive definition of burnout (two manifesta-
tions of burnout) yielded burnout rates of 45% and most re-
strictive (all three manifestations of burnout) yielded burnout 
rates of 24%.

Figure 2 (Page 6) presents the overall results including fac-
tors differing significantly as a function of burnout level. The 

following factors were found to differ between hospitalists 
with and without burnout: time spent on tasks that could or 
should be performed by others (p < 0.05); suboptimal relation-
ships with other groups (p < 0.05); and frequent interruptions 
and process-breakdowns were rated as contributing most to 
hospitalist distress (p < 0.05). 

The objective of the study was to understand the extent and 
nature of burnout among hospitalists providing patient care 
at a large healthcare system. An additional goal was to assess 
the differences in perceived sociotechnical factors contributing 
to burnout in hospitalist with vs. without burnout. Applying 
the definition of burnout used in the large national physician 
study, namely the experience of either one or both emotional 
exhaustion (EE) or depersonalization (DP) as measured by the 
MBI, 69% of the hospitalists in the current study population 
fit this definition of burnout, markedly higher than the ap-
proximately 50% among general internal medicine providers 
reported in the most recent national study (hospitalists were 
not specifically reported), and 52% of hospitalists in the 2014 
national study. 

Using a somewhat more restrictive definition of burnout as 

FIGURE 1

Burnout levels
The classification of burnout levels across demographics and professional factors.

Low burnout‡ High burnout‡

N (%) N (%)
Overall 32 (55.2%) 26 (44.8%)

Characteristic
Sex

Male 15 (62.5%) 9 (37.5%)
Female 17 (50.0%) 17 (50.0%)

Age, in years
<35 10 (62.5%) 6 (37.5%)
35-44 15 (57.7%) 11 (42.3%)
45-54 5 (41.7%) 7 (58.3%)
>=55 2 (50.0%) 2 (50.0%)

Location
Academic Medical Center 21 (61.8%) 13 (38.2%)
Community Hospital 11 (45.8%) 13 (54.2%)

Tenure, in years
0-4 17 (68.0%) 8 (32.0%)
5-9 11 (55.0%) 9 (45.0%)
10-14 4 (44.4%) 5 (55.6%)
15-19 0 (00.0%) 3 (100.0%)
>=20 0 (00.0%) 1 (100.0%)

‡ Burnout level classification of low burnout and high burnout is 
based on the following definition of high burnout: Scoring “high” on 
two or more symptoms of burnout as measured by the 22-item MBI.

http://IISE.org/membership
mailto:cs@iise.org
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FIGURE 2

Burnout factors
The sociotechnical factors associated with burnout. Note that except for two statements noted by asterisks (**), all statements in the survey 
asked participants to rate their level of agreement as to whether a given stressor contributed to their burnout. The two exceptional statements 
were worded in the opposite valency. 

Socio-technical factors associated with burnout

Low 
burnout‡

(N = 32)

High 
burnout‡

(N = 26)
Difference

in
means

T-
test 
Sig. mean†

(SD)
mean†

(SD)

Frequent pages or interruptions for non-emergent issues 5.2 (1.57) 6.3 (0.97) 1.1 0.003

Lack of time to exercise, take care of oneself, and/or engage in 
enjoyable activities outside of work 3.2 (1.32) 4.4 (2.01) 1.2 0.008

Difficult interactions with patients or their families 4.2 (1.71) 5.5 (1.59) 1.3 0.008

Time spent on tasks that are not reflective of working at the top 
of my license 4.7 (1.52) 5.7 (1.39) 1.0 0.011

Lack of voice regarding decisions that affect my group/practice 4.0 (2.03) 5.4 (1.51) 1.3 0.014 

Hospital leadership is responsive to my concerns and those of 
my colleagues** 3.9 (1.86) 2.7 (1.54) -1.2 0.015 

Time spent in EHR on documentation or reading notes 4.2 (1.63) 5.2 (1.71) 1.1 0.021 

Lack of respect from outside groups 4.4 (1.83) 5.5 (1.70) 1.1 0.025 

Time spent on tasks related to case management or tasks 
below my practice 4.8 (1.69) 5.8 (1.52) 1.0 0.027 

The leadership of my division/department is responsive to my 
concerns and those of my colleagues** 5.4 (1.32) 4.5 (1.67) -0.9 0.033 

Lack of collaborative patient care with outside groups 4.2 (1.87) 5.2 (1.44) 1.0 0.036 

Admissions from the ED 4.5 (1.72) 5.4 (1.56) 1.0 0.036 

Communication with colleagues in my group 1.8 (1.11) 2.6 (1.45) 0.8 0.047 

Difficulty with staff/peers in other departments 2.9 (1.66) 3.8 (2.00) 0.9 0.056 

Performing duties that should be completed by other personnel 
(i.e.: entering orders for consultants) 4.1 (1.84) 5.1 (1.87) 0.9 0.063 

My group's compensation plan 3.5 (1.78) 4.3 (1.73) 0.8 0.085 

Feeling under-appreciated 4.4 (2.19) 5.2 (1.68) 0.8 0.125 

Lack of communication with outside groups surrounding 
patient care 4.2 (1.85) 4.8 (1.57) 0.7 0.158 

Difficulty with staff/peers in my department 1.7 (1.08) 2.2 (1.62) 0.5 0.171 

Time spent on electronic medical records and documentation 4.7 (1.42) 5.1 (1.58) 0.5 0.23

Inability to reach outside departments in a timely manner 3.8 (1.65) 4.2 (1.75) 0.3 0.452 

Scheduling conflicts/challenges 3.6 (1.66) 3.8 (1.65) 0.3 0.554 

Worries about childcare 3.3 (1.98) 2.9 (2.00) -0.3 0.563 

Time spent in EHR on orders 3.8 (1.54) 4.0 (1.65) 0.3 0.568 

Conflicting responsibilities between work, home, and family 4.3 (2.00) 4.4 (2.00) 0.1 0.883 

† Scores were assigned on a 7-point Likert Scale ranging from 1 (strongly disagree) to 7 (strongly agree), with 4 
being the score for a neutral response. 
‡ Burnout Level classification of Low Burnout and High Burnout is based on the following definition of High 
Burnout: Scoring “High” on 2 or more symptoms of burnout as measured by the 22-item MBI
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How COVID-19 increases hospital burnout
The heavy burden the COVID-19 pandemic has placed 
upon healthcare professionals has a profound effect on 
stress and burnout levels, according to published reports.

A May 2020 Forbes article noted physician burnout 
already was a problem before the pandemic. A 2018 study 
by New Health Guide (newhealthguide.org) showed that 
400 physicians die by suicide each year, double that of the 
general population; doctors have the highest suicide rate 
of any profession in the U.S including combat veterans 
(Annals of Internal Medicine, www.acpjournals.org). 
Economically, studies estimate that physician burnout 
costs the U.S. healthcare system approximately $4.6 billion 
per year. 

“The stress of long hours, no sleep, poor eating, 
inadequate protection, the fear of contaminating loved 
ones, the fear of dying and seeing patients die no matter 
what you do, the disrespect by hospital administrators and 
the fear of being fired, all remain the reality for those who 
are in the thick of things,” anesthesiologist and speaker 
Lynette Charity, M.D., said.

“For many physicians, COVID-19 may be the proverbial 
straw that breaks the camel’s back as they isolate themselves 
physically from their family and friends while encountering 
a surge of sickness and death,” said Nisha Mehta, M.D., a 
radiologist, physician advocate and keynote speaker.

Experts recommend tackling the issue at its root cause with these steps: reduce administrative burdens; flexibility over schedules; 
mental health support; reduce gender bias that increases burnout rates among female physicians, according to The National Academy 
of Medicine; diversify doctor voices; and speak out to get help.

Rasu Shrestha, executive vice president and chief strategy and transformation officer at Atrium Health, told Healthcare IT News 
(healthcareitnews.com) “I am a firm believer that you cannot yoga your way out of burnout. While it is critical to focus on clinician 
wellness, I spend a good bit of my energy trying to address the factors that contribute to the burnout in the first place. These include 
optimizing workflow challenges, reducing administrative burden and formulating creative care models that emphasize care team 
coordination and person-centered care.”

An article appearing in MDEdge (mdedge.com) and The Hospitalist (the-hospitalist.org) included responses from several hospital 
caregivers across the United States on the pandemic’s affects and response by their staffs.

“We are social distancing at work, wearing masks, not eating together with our colleagues – with less camaraderie and social 
support than we used to have,” said Clarissa Barnes, M.D., a hospitalist at Avera McKennan Hospital in Sioux Falls, South Dakota. “I 
feel exhausted and there’s no question that my colleagues and I have sacrificed a lot to deal with the pandemic.”

“One of the most common stressors we’ve heard from doctors is the challenge of caring for patients who are lonely and isolated 
in their hospital rooms, suffering and dying in new ways,” said Sarah Richards, M.D., assistant professor of internal medicine at the 
University of Nebraska, Omaha. “In low-incidence areas, doctors are expressing guilt because they aren’t under as much stress as their 
colleagues. In high-incidence areas, doctors are already experiencing post-traumatic stress disorder.”

“We recognize that we’re all in the same foxhole. That’s been a helpful attitude – recognizing that it’s OK to be upset in a crisis 
and to have trouble dealing with what’s going on,” said Joshua Case, M.D., hospitalist medical director for Northwell Health serving 
metropolitan New York. “We need to acknowledge that some of us are suffering and try to encourage people to face it head on.”

http://IISE.org/membership
mailto:cs@iise.org
http://newhealthguide.org
http://www.acpjournals.org
http://healthcareitnews.com
http://mdedge.com
http://the-hospitalist.org
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defined by high scores in both EE and DP reduces the percent-
age of hospitalists experiencing burnout to 45%, more consis-
tent with the national study. This is worrisome and suggests 
that rates of burnout are possibly increasing, with 24% of hos-
pitalists experiencing all symptoms of burnout which can lead 
to adverse events like increased likelihood of medical errors 
and decreases in quality of care.

Regarding the sociotechnical factors relating to burnout, 
the factors that had the greatest discrepancy between hospital-
ists experiencing high vs. low burnout were predominantly 
characterized as suboptimally implemented roles, such as ex-
tensive time spent on tasks that could or should be performed 
by others, on documentation and extensive/frequent inter-
ruptions on non-emergent issues; difficulties in work culture 
and relationships, such as difficulties with staff/peers in other 
groups, lack of respect from outside groups or lack of collab-
orative patient care with outside groups; and lack of support 
regarding difficult patient/family interactions, responsiveness 
from group and hospital leadership. 

These findings are in line with research reported in the Na-
tional Academy of Sciences’ recent report on clinician burn-
out, expanding on the impact that sociotechnical factors such 
as professional relationships and social support, organizational 
culture, excessive workload and suboptimal workflows, inter-
ruptions and distractions have on physician well-being. How-
ever, these findings are contrary to recent findings by Her-
bert L. Fred and Mark S. Scheid (“Physician Burnout: Causes, 
Consequences and (?) Cures,” Texas Heart Institute Journal. 
2018) and Mark A. Micek, Brian Arndt, Wen-Jan Tuan and 
Elizabeth Trowbridge (“Physician Burnout and Timing of 
Electronic Health Record Use,” ACI open, 2020) indicating 
that perceptions of work processes associated with health in-
formation technology differed significantly based on level of 
burnout experienced. 

Overall, our findings suggest that hospitalists’ burnout is 
mostly related to workplace roles, relationships and communi-
cation with outside groups, and extraordinarily high levels of 
interruptions and distractions, requiring long-term organiza-
tional interventions focused on building trust and collegiality. 

There are several limitations of our study limiting the gen-
eralizability of our findings. First, we administrated our survey 
to hospitalists from two institutions with relatively small sam-
ple sizes. Another limitation is the construction of the survey 
relied on the sociotechnical factors identified during town hall 
meetings with hospitalists articulating workplace factors they 
were currently struggling with, and therefore may not be com-
prehensive. Additionally, the response scales employed within 
the survey varied from section to section. One section of items 
was on a 4-point scale; others were on a 10-point scale. 

Our analyses regarding the sociotechnical factors were 
limited to differences between groups (low burnout vs. high 
burnout) within items rather than across items, which would 

lend much richer analyses of the relationships among the so-
ciotechnical factors. We also tried to address this limitation 
by computing a transformation of the data to standardize all 
sociotechnical factors to the same scale; however, issues of scale 
variability contribute to error in our assessment.

Overall, this study shows that hospitalists are experiencing 
high levels of burnout, above recent national averages. More-
over, sociotechnical factors associated with their experience of 
burnout tend toward issues with the complexity of their role, 
their relationships with colleagues in other groups and exces-
sive workloads, interruptions and distractions. 

Note: This study was supported by funding from the Wellbeing 
Program at the University of North Carolina Health Care System. 

Sara Baker Stokes, Ph.D., is a research project manager in the Division 
of Healthcare Engineering at the UNC School of Medicine with exper-
tise in survey research, social and organizational psychology, measure-
ment and improvement in healthcare. Her current research focuses on 
provider and staff well-being, engagement and burnout, as well as the 
implementation of quality improvement and patient safety programs.

Richa Kanwar holds a master’s degree in information science from the 
University of North Carolina at Chapel Hill. She is a research assis-
tant at the Division of Healthcare Engineering in the UNC School of 
Medicine. Her research interests include health informatics, user experi-
ence, human factors engineering and systems analysis. 

Saumya Jain completed his master’s degree in information science from 
the University of North Carolina Chapel Hill. He is a former research 
assistant at the Division of Healthcare Engineering in the UNC School 
of Medicine. He works as a technical project manager in the IT sector. 
His research interests include systems analysis, informatics and data sci-
ence.

Karthik Adapa is a Ph.D. candidate in the Carolina Health Informat-
ics Program at UNC-Chapel Hill. He is a physician by training and 
has a master’s degree in public health and public policy. 

Samantha Meltzer-Brody, M.D., MPH, is the Assad Meymandi 
Distinguished Professor and Chair of the Department of Psychiatry 
at the University of North Carolina at Chapel Hill. She also directs 
the UNC Center for Women’s Mood Disorders and leads the UNC 
SOM and UNC Health Well-Being initiative.

Lukasz Mazur earned his bachelor’s and master’s degrees and Ph.D. 
in industrial and management engineering from Montana State Uni-
versity. He is an associate professor and a director of a Division of 
Healthcare Engineering in the UNC School of Medicine. His research 
interests include engineering management as it pertains to continuous 
quality and patient safety efforts in healthcare and human factor engi-
neering. He is an IISE member.



Visit IISE.org/membership to learn more or contact IISE at cs@iise.org or (800) 494-0460  9

Like many aspects of business and society, the sci-
ence of ergonomics, already an evolving field in 
an era of high-tech wonders, took a sharp detour 
in 2020. It came just as many offices and factories 
were shut down and some employees went to work 
snuggled up with laptops on their sofas.

The effects of the COVID-19 pandemic tested workplace 
safety experts in multiple ways, among them how to make 
workspaces safe from transmitting the coronavirus and help-
ing employees adjust to the physical and mental strains of 

working remotely.
As ergonomists were forced to overcome the obstacles 

thrown in their path, they learned how to adapt to a chang-
ing reality and develop innovative ideas to rethink where 
and how we work.

“2020 wasn’t just the year of the pandemic, it was the year 
of everything that could possibly go wrong, but this was an 
opportunity for us,” Bobbie Watts, director of ergonomics 
for Michelin Americas, said in a December 2020 episode of 
Problem Solved: The IISE Podcast at link.iise.org/podcast_s2e9. 

L

Ergonomists rally to keep workers safe 
in pandemic

Ergo ISEs find innovative ways to adapt to changing workplaces, habits
By Keith Albertson

ISEs as 
unsung
HEROES

http://IISE.org/membership
mailto:cs@iise.org
http://link.iise.org/podcast_s2e9
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“We got back to basics. There’s a problem in front of us – 
what do we do? We have to analyze it, measure it, figure out 
the different controls. This pandemic is a system. How do 
we look at it? ... We’re using what we’re really good at, and 
that is looking at everything as a system and using our tools 
to try to address it.”

“The pandemic has created additional constraints for er-
gonomists and those of us trying to improve the workplace,” 
said Gary Allread, program director at SRI-Ergonomics at 
The Ohio State University and president-elect of the Ap-
plied Ergonomics Society (iise.org/AES). “In some instances, 
the physical work has increased with cleaning and other sani-
tation efforts, and with social distancing. A lot of employees 
have to wear masks and that can impact fatigue and body 
temperature. Dealing with COVID likely has increased 

stress among people psychologically and these restrictions 
that we’ve had in our lives can impact how we respond to 
the world and life.”

Creating safety habits from a distance
The need for social distancing during the pandemic created 
the first hurdle ergonomists had to overcome. Most provide 
recommendations for safety and efficiency by watching em-

ployees perform tasks firsthand, a practice compromised by 
socially distanced work and the lack of personal interaction.

Amanda Kauder, an ergonomist, environmental coordi-
nator and new AES board member, said the lack of in-person 
contact in the workplace makes it harder for safety experts 
to solve issues. 

“It’s my job to do a lot of walk-arounds on the production 
floor to see how the operators are handling the stress of their 
jobs,” she said. “With the pandemic, that direct contact is not 
happening anymore. So I’m having to work from a further 
distance, if not just have them try and take pictures and send 
to me. It’s removing that direct observation that ergonomists 
tend to rely on so heavily from my evaluation and analysis of 
what might be causing the issue.”

“Social distancing is the biggest challenge. As ergono-
mists, our job is to work with people but it’s hard when 
you’re 6 feet, 10 feet away or via a virtual connection,” said 
Thomas Rowell, an independent consultant with 30 years of 
ergonomic experience.

“When we are out in the field working with people, we 
have to understand their jobs and their capabilities, and doing 
it remotely is just really tough. In my opinion there is really 
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Ergo innovation on display at AEC
The 2022 Applied Ergonomics Conference is set for 
March 21-24, in Orlando, Florida. It will include more 
than 60 presentations and panels along with keynote 
speakers sharing the latest innovative products 
and techniques to make workplaces safer and more 
productive. To learn more, visit iise.org/AEC; to register, 
visit iise.org/AEC/register.

The 25th Annual

“There’s a lot of stuff published during the 
pandemic. Some of the information is great, and 
some I roll my eyes back in my head and say, 

‘Please don’t do that.’”
— Thomas Rowell  

“Now you have to deal with your own light-
ing, deal with the kids running around or dogs 
coming in to play while you’re at work or in a 
meeting call. Things that aren’t an office issue 

are a concern at home.”
— Amanda Kauder

“I think ergonomists are up to the task here be-
cause we are used to dealing with dynamic situ-
ations and taking into account all of the factors 

that can impact how well people do their jobs.” 
— Gary Allread

http://iise.org/AES
http://iise.org/AEC
http://iise.org/AEC/register
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Tips to negotiate workplace challenges
Blake McGowan, director of ergonomics research for VelocityEHS, offered these tips for employers and workers in  
his recent IISE webinar, “How to Leverage Technology to Effectively & Efficiently Support Working from Home” at  
link.iise.org/iise_ergowebinars. 

Employer tips
• Provide the necessary tools, training, and organizational direction to ensure worker productivity, effectiveness and safety.
• Establish and communicate clear parameters for “working from home.”
• Support workers to adjust work times around their home responsibilities and family needs.
• Provide online ergonomics training and resources to help workers set up and evaluate their environment.
• Provide online workstation evaluations through video conferencing.
• Educate employees how to establish work/life balance and set boundaries.
• Provide collaborative video conferencing tools to promote a sense of belong and to improve group cohesiveness.
• Encourage mindfulness and other stress management techniques.
• Provide clear direction for the maintenance of confidential company information and enable security measures, such as virtual 

private networks (VPNs).
• Provide easy access to technical support.

For managers
• Offer flexibility for workers who have the additional family demands.
• Encourage workers to establish a routine of work and personal activities to help them balance their family and work time.
• Communicate regularly with workers.
• Recognize individual and group performance when it’s appropriate.
• Teach workers how to use virtual meeting tools.
• Provide online “netiquette” (etiquette) training.
• Communicate the processes for reporting accidents and job-related illnesses and injuries.

For employees
• Establish a routine for work and personal activities to better balance family and work time.
• Adopt healthy work-from-home habits like taking breaks each hour, moving often and changing working posture regularly.
• Use wearable devices to schedule reminders to move, walk and change work postures.
• Incorporate standing positions throughout the workday.
• Take an online ergonomics training course to learn how to properly set up and adjust your workstation.

http://IISE.org/membership
mailto:cs@iise.org
http://link.iise.org/iise_ergowebinars
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“2020 wasn’t just the year of the pandemic, it 
was the year of everything that could possibly go 

wrong, but this was an opportunity for us.”
— Bobbie Watts 

“Everyone thought we’d be working from home 
for two weeks so working on a kitchen table or 
elsewhere was deemed acceptable. That isn’t true 

anymore.”
— Blake McGowan 

no substitution for the in-person ergo evaluation, whether it’s 
in an office or in an industrial setting. I’m looking forward 
to getting back to a normal way of life where we can go out 
there, shake hands and be close to the person and in a lot of 
cases trade places with them to better understand their work 
situation. That gives us more of a true understanding to bet-
ter emphasize and feel and solve their problems.” 

Ergonomists also found themselves having to address as-
pects of a business that previously weren’t on their radar, such 
as learning supply chain logistics to ensure the needed supply 
of personal protective equipment such as masks, gloves and 
sanitizer.

“We’ve been wearing different hats,” Watts, also newly 
chosen to the AES board, said in an IISE webinar, “The 
Role of Ergonomic Leadership during COVID” (link.iise.
org/iise_ergowebinars). “A lot of people know about ergo, but 
they realized we need to think about these things. It was a 
great opportunity to show our colleagues in these different 
domains what we can do with ergo.”

It’s also key for ergonomists to keep lines of communi-
cation open both with workers and management to ensure 
good habits are being followed to promote safety. 

“As ergonomists, what we do is try to improve the in-
terface between work and the workplace,” Allread said. “I 
think ergonomists are up to the task here because we are 
used to dealing with dynamic situations and taking into 
account all of the factors that can impact how well people 
do their jobs.”

Work from home challenges
The sudden shift of job sites for those able to work remotely 
opened a new box of woes for both employees and ergono-
mists. Workers left environments that are carefully designed 
for their safety and productivity and found themselves work-
ing on sofas, beds or kitchen tables not created for that pur-
pose. Add the distractions of children, pets and the other 
comforts of home and ergonomists found themselves trying 
to troubleshoot individual challenges from a distance.

“Everybody was in the house trying to share bandwidth, 
hook up to Wi-Fi, kids doing schoolwork it was kind of 

crazy,” Martha Parker of the Texas A&M Ergo Center said 
during a panel discussion at the virtual 2020 Applied Ergo-
nomics Conference. “We took traditional office equipment 
and shoved it in someone’s house and said, ‘Great, good luck 
with that.’ 

“All the facilities and regular safety of a traditional of-
fice building were not being dealt with. When we tried to 
help people from afar, it took an individualistic approach. 
We couldn’t take a cookie-cutter approach like we could in 
our office, so we had to be flexible. ... It was less about a 
process and more about helping people help themselves and 
get creative with it. We hacked ergo at home, but that is not 
sustainable.”

Experts recommend that remote workers take time to se-
cure the right equipment and setting to work more comfort-
ably and effectively. Kauder advises employees to take advan-
tage of any expenses allowed by a company for such needs.

“It’s important to educate yourself on how to best set up 
an at-home office. It’s different than what you might have in 
the office environment at work,” she said. “Now you have 
to deal with your own lighting, deal with the kids running 
around or dogs coming in to play while you’re at work or in 
a meeting call. Things that aren’t an office issue are a concern 
at home.”

Finding resources to help solve some of these issues is an 
option for home workers, but experts caution to stick with 
reputable ergonomists and trusted sources.

“There’s a lot of stuff published during the pandemic. 
Some of the information is great, and some I roll my eyes 
back in my head and say, ‘Please don’t do that,’” Rowell said. 
One source he recommended is the IISE Coronavirus Re-
source & Response page at link.iise.org/covid_resource, which 
includes numerous links to helpful sites.

But with workers now beyond arms’ reach, how can ergo 
experts be sure they are following the right practices? In a 
recent IISE webinar, “How to Leverage Technology to Ef-
fectively & Efficiently Support Working from Home,” Blake 
McGowan, director of ergonomics research for VelocityEHS, 

http://link.iise.org/iise_ergowebinars
http://link.iise.org/iise_ergowebinars
http://link.iise.org/covid_resource
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Join ISEs with ergo solutions
The Applied Ergonomics Society is a worldwide 
resource for the ergonomics profession dedicated 
solely to the support of the profession and individu-
als involved with improving workplace performance, 
quality, sustainability and employee availability. AES 
supports the Annual Applied Ergonomics Conference 
and Expo March 21-24 in Orlando, Florida. To learn 
more about the society, visit iise.org/AES.

discussed the physical and mental toll remote work has placed 
upon employees. He cited data on musculoskeletal disorders 
that shows about half of workers reporting discomfort while 
working from home. 

“A lot of companies were caught completely off guard,” 
he said. “Everyone thought we’d be working from home for 
two weeks so working on a kitchen table or elsewhere was 
deemed acceptable. That isn’t true anymore.”

With ergonomists unable to advise workers in person, 
McGowan’s webinar notes that the Institute of Occupational 
Safety and Health (IOSH) advises conducting a personal 
ergonomic risk self-assessment. Numerous web-based pro-
grams are offered to provide resources to help workers set up 
a workspace and consult with experts as needed.

McGowan’s other recommendations for employers and er-
gonomists to promote safety remotely include (see more tips 
in related story on Page 11):

• Provide the necessary tools, training and organizational 
direction to ensure worker productivity, effectiveness and 
safety.

• Establish and communicate clear parameters for “working 
from home.”

• Support workers to adjust work times around their home 
responsibilities and family needs.

• Provide online ergonomics training and resources to help 
workers set up and evaluate their environment.

• Provide online workstation evaluations through video 
conferencing.

Employee mental stresses mount
The pandemic’s impact also put heavy psychological stresses 
on employees who suddenly had to juggle remote meeting 
platforms, technology headaches and distractions at home all 
while facing a public health crisis. 

“Pandemic fatigue is a real thing. It is a lot going on and 

people are really stressed,” Watts said in the webinar. “People 
didn’t know what do. Even though we know about the pan-
demic or pandemic responses, this is a perfect storm. Every-
thing that could go wrong is going wrong, so there really is 
no clear-cut answer.” 

In his webinar, also at link.iise.org/iise_ergowebinars,  
McGowan noted an Institute for Employee Studies (IES) 
survey on the well-being effects of remote work that showed 
52% of respondents reporting issues with sleeping, eating, 
substance abuse and drinking, and a worsening of chronic 
conditions due to worry and stress.

Gary Orr, a health scientist ergonomist for the U.S. Oc-
cupational Safety and Health Administration, has seen these 
effects on workers.

“What I’m finding is that these essential workers are ex-
tremely fatigued, both physically and mentally,” he said. “A 
lot of them are very nervous about exposures and the type of 
work they’re exposed to.”

To learn from all that they face and the problems they con-
fronted, Watts said it’s important to document all solutions so 
everyone can share those ideas and be more prepared when 
the next major disruption occurs.

“There’s a lot of learnings from 2020, good, bad and ugly,” 
she said. “And there was some ugly, everything wasn’t per-
fect, and we need to talk about that so we can learn about it. 
Professional development is being able to look back and say 
‘OK, what worked right, what didn’t and how can we learn 
from that?’

“Ergonomists are natural leaders. ... We’re influencers and 
we have to be able to get people to change behavior.” 

Keith Albertson is managing editor of ISE. Contact him at kalbertson 
@iise.org. You can hear more from some of the ergonomics experts 
cited in this article in IISE Three Questions interviews at youtube.
com/iisechannel.

http://IISE.org/membership
mailto:cs@iise.org
http://iise.org/AES
http://link.iise.org/iise_ergowebinars
http://iise.org
http://youtube.com/iisechannel
http://youtube.com/iisechannel
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How the intelligent 
enterprise will drive 

innovation
Blending AI tools, diverse human thought 

can drive future business creativity

By Joseph Byrum

http://IISE.org/membership
mailto:cs@iise.org
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The economic powerhouses of the future are the 
ones investing in artificial intelligence (AI) today. 
Machine learning and deep learning techniques 
are well-suited to creating self-adjusting algo-
rithms that optimize business processes. Busi-
nesses across a number of industries are betting 

big that this technology will achieve greater business ef-
ficiency.

But this represents just the starting point for what AI 
should be able to ultimately accomplish. A good way to 
explore the full range of possibilities is to imagine what 
an enterprise would look like if it were designed from the 
ground up to use AI to optimize not just the core busi-
ness functions, but every aspect of operations from grounds 
maintenance to the executive suite. The presumption is 
that the whole company – call it the intelligent enterprise – 
would become something greater than the sum of its fully 
optimized parts. 

As we’ll see, the intelligent enterprise of the future has 
the potential to become a creative engine ideally suited to 
driving innovation in the decades ahead. 

AI creates order from chaos
Basic AI algorithms can process mountains of data and 
match highly complex patterns. More sophisticated expert 
systems can look at these data to formulate possible ex-
planations for why things might be happening. The fuller 
implementation of AI is what executives need to manage 
a market that is chaotic, complex 
and in a perpetual state of flux.

Business leaders have a limited 
amount of time to make critical 
decisions with only partial or even 
contradictory data in hand. Even 
for the best leaders, identifying fac-
tors that have the greatest impact 
on success often end up involving 
quite a bit of guesswork. Big data 
was supposed to solve this problem 
by providing a scientific basis for 
decisions, but in many ways it has made the situation worse 
due to data overload. Executives frequently complain of be-
ing data rich and insight poor, meaning they have plenty of 
information but it’s not useful without a clear idea of what 
to do with it.

Properly implemented, AI offers an alternative to luck 
and guesswork, with systems that can make it possible to 
build a scalable, insight-driven enterprise. One approach to 
making this happen would be to model the intelligent en-
terprise on the classic decision-making framework known 
as the OODA Loop, which stands for observe, orient, de-
cide and act. The OODA Loop is a method for managing 

complexity and bringing order to chaos so an executive has 
greater situational awareness and understanding to make 
better informed decisions.

Briefly explained, the loop begins by “observing” data 
without filtering against preconceived notions of what the 
data are supposed to mean. This step looks at facts straight 
up, free from the coloring of analysis. The idea is to absorb 
as much high quality information as possible to gain an un-
derstanding of the current situation, even though the data 
can be incomplete or contradictory.

Making sense of the data is the task left to the orient 
stage, which formulates theories to explain the observed 
facts. As the facts change, successful orientation means 
coming up with new interpretations that serve as potential 
explanations for the situation. It’s possible, even desirable, 
to come up with multiple explanations, even if they might 
seem implausible at the time. The point is to come up with 
multiple options.

It’s the task of the next stage to decide which explanation 
and which course of action best fit the data. The choice 
between interpretations of the facts sets up possible courses 
of action to achieve the desired goal. This is why having 
more options from which to choose can be beneficial, en-
hancing the ability to pivot quickly when the data take a 
turn that might be considered unexpected to those who are 
unprepared.

In the final stage, it’s time to act by executing the choice 
and evaluating the results. This method then “loops” be-

cause every choice affects the field 
of action – that means it’s time to 
return to the beginning and ob-
serve the impact of each choice af-
ter it has been made. The process 
repeats until the desired results are 
fully achieved. 

The OODA Loop is a system-
atic approach to thinking through 
problems in a time-constrained 
environment in a way that forces 
constant evaluation and reevalu-

ation of options and results. This keeps decision-makers 
from becoming complacent and assuming what has worked 
in the past will work again in the future. Instead, this new 
way of doing things helps the manager adapt quickly to 
confusing, chaotic and constantly changing circumstances 
by developing a greater awareness of what is happening, 
and why.

AI systems in the intelligent enterprise would automate 
this process by analyzing data and using expert systems 
to formulate potential courses of action. Human opera-
tors would take this information and make decisions about 
which way to act. The AI systems would continually track 

T

Executives frequently complain 
of being data rich and insight 

poor, meaning they have plenty 
of information but it’s not useful 

without a clear idea of what  
to do with it.
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conditions and results and provide updates in real time. 
This would provide needed context and factual backing 
for the decision-making process, resulting in higher quality 
choices. While this would seem to make AI the star of the 
intelligent enterprise, it is actually just half of the puzzle. 
Humans have an equally important role.

Humanity’s role in the intelligent enterprise
Many imagine a future in which artificial intelligence fi-
nally replaces humans by doing all of our work so we can 
lie back on the beach and enjoy the fruits of machine labor. 
While this may seem superficially appealing, such a future 

is as unrealistic as it is undesirable. Besides the inevitable 
overcrowding on the beaches this would cause, it would 
not be an efficient use of resources.

AI, and machines in general, are good at some things and 
terrible at others. Algorithms have unmatched vigilance 
that allows them to monitor the smallest details around the 
clock without complaint. Machines never forget and are 
unmatched when it comes to numeric computation. 

On the other hand, AI is woefully inadequate when it 
comes to recognizing nuance or subtle contextual changes. 
Machines are very literal devices with no ability to detect 
irony or appreciate a simple joke. Joke recognition itself 

How the Turing Test still has AI stumped
Can machines think? This was a valid question 
generations ago before today’s level of artificial 
intelligence and machine learning became a 
reality.

And yet a simple test created by famed 
mathematician, scientist and World War II code 
breaker Alan Turing has proven to be elusive even 
for today’s modern AI programs and shows that 
human brains are still better able to handle some 
types of decision-making.

In 1950, Turing published a paper, “Computing 
Machinery and Intelligence,” describing a way to 
determine if a machine had intelligence. It involves 
a game with an evaluator and three respondents, 
two humans and a computer. The evaluator asks 
open-ended questions to each and determines by their answers which is the machine. If the computer can fool the judge, it is deemed 
to have intelligence.

The simplicity of The Turing Test was also its genius, and it turns out, its reliability. Since the theory was proposed, no AI system 
has been able to effectively beat it. While humans are harder to fool with trick questions, even the most advanced machine lacks the 
ability to spot such nuances.

Experts explained why in a recent story in Forbes.
“When you ask a GPT-3 system how many eyes the sun has, it will respond that there is one and when asked ‘Who was the president 

of the U.S. in 1600?,’ the answer will be Queen Elizabeth I,” said Noah Giansiracusa, an assistant professor of mathematics and data 
science at Bentley University. “The basic problem seems to be that GPT-3 always tries in earnest to answer the question rather than 
refusing and pointing out the absurdity and unanswerability of a question.”

As AI technology advances, the belief is that it someday may develop the ability to decipher such responses. New tests have been 
developed, according to Druhin Bala, CEO and co-founder of getchefnow.com, that can better gauge AI’s perceptive abilities.

“If Alan Turing was alive, he might be shocked that given 175 billion neurons from GPT-3 we are still unable to pass his test, but we 
will soon,” said Ben Taylor, chief AI Evangelist at DataRobot. 

“The Turing Test is brilliant in its simplicity and elegance, which is why it’s held up so well for 70 years,” said Zach Mayer, vice 
president of data science at DataRobot. “It’s an important milestone for machine intelligence, and GPT-3 is very close to passing it. And 
yet, as we pass this milestone, I think it’s also clear that GPT-3 is nowhere near human-level intelligence. I think discovering another 
‘Turing Test’ for AI will illuminate the next step on our journey toward understanding human intelligence.”

http://IISE.org/membership
mailto:cs@iise.org
http://getchefnow.com
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isn’t too relevant at the enterprise level (though it could ac-
tually be important for automation in the human resources 
department), but recognizing nuance is critical to under-
standing complex adaptive systems in general. For example, 
understanding the subtle shades of human behavior is es-
sential for identifying the potential underlying causes of 
market shifts that are rooted in the collective decisions of 
its human participants. 

Where machines are weak, humans often excel. Our 
brains are hard-wired to instantly recognize familiar faces 
in a crowd and detect emotions from slight shifts in tone 
or facial movements. Our ability to appreciate nuance con-
tributes to our ability for creative expression that machines 
simply lack. 

Likewise, where machines excel, humans are weak. 
We’re terrible at multiplying 10-digit numbers and re-
membering details with precision. Humans also become 
bored easily with repetitive tasks. So if our goal is to drive 
across Kansas on a flat, straight road 
on a sunny day, AI is going to do a 
much better job than a human. But 
if the task is driving on a snowy day 
in Boston, you’re much better off if a 
human takes the wheel. 

The intelligent enterprise is de-
signed to take advantage of the com-
plementary nature and the symbiosis 
of man and machine. From biology, 
we know different species of living things have founds ways 
of living in harmony with one another. Commensalism is 
the term used to describe what happens when one side gets 
most or all the benefit in a symbiotic relationship but the 
other side doesn’t mind being used. Orchid flowers, for ex-
ample, often attach to trees to access the sunlight they need 
to survive. They aren’t parasites since the tree is not harmed 
by the flower’s presence but the tree does not derive any 
particular benefit. 

A better arrangement is known as mutualism, which de-
scribes species that form a partnership allowing both sides 
to benefit. In the wild, for example, zebra herds are often 
spotted teaming up with ostriches. This peculiar collabora-
tion between bird and mammal starts to make sense if one 
evaluates the relative strengths and weaknesses of each. The 
ostrich has mediocre senses of hearing and smell, but supe-
rior eyesight. Zebras are the opposite, with terrible vision 
and great senses of hearing and smell. By grouping togeth-
er, they draw upon a superior sensory defense that greatly 
enhances their joint chances of survival against predators.

Optimizing humans to deal with AI
For man and machine to work in similar harmony, human 
employees will have to make the most of their strengths. 

That means workers in the intelligent enterprise should 
come from a different background, upbringing and edu-
cation to maximize diversity of thought. Each new hire 
would be expected to bring new perspectives and insights 
to the table to avoid one of the most common pitfalls of 
large organizations: groupthink. As we saw, having mul-
tiple perspectives is a key aspect of success when using the 
OODA Loop, and drawing upon diversity through hiring 
decisions can deliver those unique perspectives.

But it takes more than cognitive diversity to build an ef-
fective team. The workers of the intelligent enterprise would 
need to draw from a common foundation of training that’s 
rigorous enough to allow the workers to extract maximum 
value from AI assistance. This would mean taking individu-
als who could be from opposite extremes on the educational 
spectrum – say a liberal arts graduate who studied history in-
stead of math and an electrical engineer – and sending them 
through a common set of programs like Certified Analytics 

Professional and Project Manage-
ment Professional. 

While this is obviously a tougher 
path for the historian to take, it en-
sures the unique perspective that this 
calling has to offer can be effectively 
communicated to other team mem-
bers. It creates a common language 
that every other employee can un-
derstand. You keep the benefits of 

cognitive diversity without losing the scientific rigor.
Organized in this fashion, humans can work well with 

one another and with machines, as the workforce is primed 
to bring new perspectives to every situation. The human op-
erators can then make the most of their creativity when us-
ing these tools at every level of the organization. All of these 
factors combine to make the intelligent enterprise a unique 
entity that’s more than the sum of its parts. By honing the 
adaptability and understanding of the relationship between 
man and machine, the intelligent enterprise of the future 
will drive innovation beyond anything we’ve seen before. 

Joseph Byrum is chief data scientist at Principal. He was previously 
senior R&D and strategic marketing executive in life sciences-global 
product development, innovation and delivery at Syngenta. In that 
role, he was chief architect of initiatives that won Syngenta the 
2016 ANA Genius Award in Marketing Analytics and 2015 
Franz Edelman prize for contributions in operations research and 
the management sciences. His bachelor’s degree in crop and soil 
science and his master’s degree in genetics are from Michigan State 
University. He earned a master’s degree in business administra-
tion from the University of Michigan Stephen M. Ross School of 
Business. His Ph.D. in quantitative genetics is from Iowa State 
University. He is an IISE member.

The intelligent enterprise is 
designed to take advantage 

of the complementary nature 
and the symbiosis of man 

and machine. 
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with Tim Cook

Tim Cook, CEO of Apple. He was an IISE 
student member at Auburn University, where 
he earned his bachelor’s degree in industrial 
engineering in 1982. He also earned an 
MBA from Duke University and went on 
to a career in global technology at IBM, 
Intelligent Electronics and Compaq before 
joining Apple. He served as Apple’s chief 
operating officer and headed its Macintosh 
division. He became CEO in 2011 and 
has overseen development of the Apple 
Watch and iPhone 12 while earning Apple 
recognition as Fortune’s “World’s Most 
Admired Companies” for the past 14 years. 
He received IISE’s Captains of Industry 
Award and an honorary lifetime membership 
to IISE in May at the virtual Annual 
Conference & Expo 2021. In a Captains of 
Industry Forum, Cook was interviewed by 
Auburn University student chapter president 
Annie Dorsey. Here are excerpts from their 
discussion; the full video is available at link.
iise.org/timcook. 

What’s 
Your 

Story?

Why did you decide to pursue an IE degree?
I knew no one who was an IE, and in fact I’m the first person in my family to go 
to college. What I did know was when I was taking high school courses, I loved 
mathematics. I was one of the nerds who loved math, and so mathematics got 
me interested in engineering. Then as I began to look at different engineering 
disciplines, I was taken by industrial engineering because of the focus on both 
people and machine instead of just the machine aspect of it. And then after three 
quarters at Auburn in a pre-engineering kind of role, I co-opted as an industrial 
engineer. From that moment on, I was taken that it was the right discipline for 
me.

How did your background as an IE help you at Apple?
Apple is a place where the status quo is never acceptable. We’re a place where the 
misfits and the rebels came together, and we just want to make the best products 
in the world that enrich people’s lives. In a large way, there is an intersection there 
with IE because industrial engineers by nature are not satisfied people. They are 
always looking for a way to do something more efficient or safer or higher quality 
– whatever the situation might be that you’re working on, it’s the reverse of the 
status quo. 

What do you think makes a great leader?
I’m a big believer in authenticity as a leader and a person. I run across people 
occasionally who try to read a book and become the leader described in the book. 
I’ve never found that to be a good formula. I think being yourself, for all the 
good, for all of the average and all of the bad, is a better position than trying to 
be someone else.

I think other qualities are curiosity and grit and the ability to inspire people. 
Leaders can do little by themselves; you’re only as good as when you inspire 
people. Creativity, the ability to innovate and sort of see around the corner are all 
very important. And if you’re good at those things, you’re very passionate as well, 
and I find that passionate people really debating their position and saying why 
they believe their way is right, that makes an incredible leader.

Grit is all about seeing through the tough times. Life will not always be about 
growth. Life won’t always throw you the nice fast pitch you’ve been looking for 
– sometimes it throws you the curveball and it takes a lot of perseverance to get 
through it.

How important is it to infuse industry with ethics?
As individuals, we’re all placed on earth to do the right thing, and we should all 
have values as people. And because companies are nothing more than a collection 
of people, a company should have values as well. Ethics is not some other thing or 

Industrial engineers by nature are not satisfied people. 
They are always looking for a way to do something 
more efficient or safer or higher quality – whatever 

the situation might be that you’re working on, it’s the 
reverse of the status quo.

http://IISE.org/membership
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something another department is responsible for. We are all 
responsible for doing what is right, regardless of how hard 
it is.

That has really been a North Star of ours at Apple. We’re 
very focused on privacy and believe privacy is a fundamental 
human right. We’re focused on education because we believe 
education is the great equalizer. We’re focused on climate 
change because we know we want the people on earth who 
succeed us to have a great place. We realize the man-made 
nature of it so that we all can make a big difference there. 
These are just some of our basic beliefs that guide us.

We believe it’s the user who should be deciding whether 
they’re tracked or not. Companies using surveillance 
should not be allowed to do so unless the user says it’s OK. 
What Apple has always been about is a democratization of 
technology, of putting power in the hands of the user, and 
this is just one more example of that.

What would you say to students thinking 
about how to always do the right thing?
I think if you ask somebody why they’re doing something a 
certain way, and they respond, “Because it’s the way we’ve 
always done it,” it’s time to run. That is such a cop-out. I 
think in our industry, in some cases, privacy is not viewed 
as a fundamental human right. We could have accepted that 
premise and gone along with the herd, but it would have 
been the wrong thing to do. So we bring out tools like App 
Tracking Transparency, and other tools like the privacy nu-
trition label and intelligent tracking protection – a lot of 
different things that we’ve done over the course of many 
years to put power in the hands of the user. I think that basic 
principle is so important and so applicable to so many dif-
ferent things. 

With global challenges like climate change, 
for someone entering an IE career, what does 
their responsibility look like?
You think about it as an IE, you’re probably responsible for 
the quality of a product, or responsible for the cost or for the 
cycle time it takes to manufacture it. You may be responsible 
for the process of how things work. Just by a normal exten-

sion of that, you should be responsible for the carbon foot-
print of what it is you’re doing. Just like you would be trying 
to increase the quality and decrease the costs and other key 
characteristics, you should have the objective of decreasing 
or eliminating the carbon footprint of what you’re doing. 
Not only for the part that you put your hands around, but if 
you’re in manufacturing for a product, you should be look-
ing at the whole supply chain downstream and upstream. 
And if your product requires electricity, what’s the carbon 
footprint of it after the customer has bought it? Taking a 
holistic view of what it is you’re doing and contributing to is 
so important for an IE.

How did Apple help front-line health workers 
during the COVID-19 pandemic?
We ask ourselves in every turn of the pandemic, “How can 
we help?” And as we started answering that, I think we 
surprised ourselves with some of the answers we gave. For 
example, we have a lot of people who work in the supply 
chain area. We had never bought masks before, but we 
knew that we could. We knew we had people in a bunch of 
different countries making masks and thought that if we did 
the sourcing, logistics and quality control, which we felt we 
could do, that we could add to the mask supply not only in 
the U.S. but in other countries. We did that and around 40 
million masks later, we had donated a ton of different masks 
to many states in the United States and countries across the 
world.

We also thought about what we could do from an 
exposure notification point of view, contract tracing. So 
we worked with Google, who is a competitor of ours in 
most ways, to have the iOS system and the Android system 
work together and notify people that they had been in close 
proximity with someone who had tested positive. This was 
a big deal. ...

We designed a face shield. We didn’t know anything 
about face shields; we’re not in that business, but we knew 
that we had great designers. And that if they began to take 
apart what a face shield is, they could probably design a great 
one, and they did, and we donated tens of millions of those. 

It was all about asking ourselves that constant question: 
What can we do to help? The reason we did it is that we 
are part of the communities we’re in, we sell products 
worldwide, we have customers worldwide, and wanted to 
help in every way that we could. 

It took everybody. What we did in and of itself was sort 
of a drop in the bucket to bending the pandemic curve. But 
if you take what we did with all other companies, with the 
person who is delivering the product for you, the person that 
continues to work in the restaurant to serve food, the people 
in the grocery store – you look at this total there were so 
many heroes with the pandemic. It was an awful situation 

We ask ourselves in every turn of  
the pandemic, “How can we help?”  
And as we started answering that,  
I think we surprised ourselves with  

some of the answers we gave.
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and still is an awful situation in several countries, but we saw 
some of the best of humanity out of it.

What are your sources of inspiration?
I get a lot of inspiration from young people like yourself. What 
I see is that young people versus my generation are already 
more focused on what they can do to help society in general. 
This excites me, and leads me to believe the world will be a 
much better place in the future.

I get very excited about the people I work with every day. 
They bring out the best in me, we bring out the best in each 
other. We’re like a family of sorts and it really charges me up 
coming to work with them. I’m better because of them.

I get excited about customer emails. I get customer testi-
monials about somebody wearing the Apple Watch perhaps 
that just got a notification that they have AFib (atrial fibril-
lation) and they would not have known it if it hadn’t been 
for the watch. They go to the doctor or the cardiologist who 
says, “You would have died if you hadn’t come in here.” This 
inspires me to keep pushing forward.

We all have to find ways to be inspired, because not only do 
we have to inspire others, we have to find ways to stay inspired 
as well.

How does Apple create opportunities for 
underrepresented communities?
We believe education is the great equalizer. We believe the 
best products we produce are with the most diverse teams. 
We believe our work is materially better the more diverse and 
inclusive we are. It’s an imperative to us. ... We try very hard to 
think through every part of the chain and try to do something 

to improve it. I’ve often thought, if we could just all one day 
magically treat each other with dignity and respect, wouldn’t 
the world be a better place? Many of the problems of the world 
would fall away. 

What advice do you have for an emerging  
IE starting their career?
I would say find your North Star. Find it, and if you haven’t 
found it yet, keep looking for it. You want to find not just a 
job but a calling. It took me a long time to do it. If you’ve 
already done it and you’re 20, 21 years old or so, then you’re 
very fortunate. It took me until I was at Apple – I was 37 years 
old, I believe – and all of a sudden I recognized that I was at a 
company and I wasn’t just conducting business, it was some-
thing much larger than that. It was about changing the world.

The reality at the end of the day is that whether you make a 
fair living or not is not something that will motivate you long 
term. What motivates you is doing something for someone 
else and empowering someone to do something. If you haven’t 
found that yet, keep looking.

– Interview by Annie Dorsey

Apple CEO Tim Cook is interviewed by Auburn student chapter president Annie Dorsey during the Captains of Industry Forum 
May 24, 2021, at the IISE Annual Conference & Expo.

Find your North Star. Find it,  
and if you haven’t found it yet,  

keep looking for it. You want to find  
not just a job but a calling.
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Student engineers team up 
to help heal injured fingers
Binghamton University collaborative project leads to 3D-printed orthotic device
By Melanie P. Lyons, Angelina Mitchell, Benjamin D. Wolin, Nasiah C. Brown, Jia Deng and Jane Bear-Lehman

Binghamton University engineering students, from 
left, Nasiah Brown, Ben Wolin, Angelina Mitchell and 
Melanie Lyons, used 3D printing to create an orthosis to 
better treat finger joint injuries. 
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The proximal interphalangeal joint (PIPj) of the 
fourth digit is one of the most common locations 
for hand injuries, especially among athletes in bas-
ketball, volleyball and softball. Common compli-
cations of this injury include joint stiffness, flexion 
contracture, redislocation, arthritis, chronic swell-

ing and permanent functional loss. 
Treatment for a PIPj injury requires immobilization, pro-

tection, controlled mobilization and guided occupational/
hand therapy exercises. PIPj orthoses are custom-fitted, 
shaped and adjusted to the patient’s injured finger by an oc-
cupational therapist. 

Today, digit orthotics are molded from low temperature 
thermoplastic material and Velcro straps are applied to hold 
them in place. However, due to the lack of comfort offered 
by the straps and an inability to fabricate them quickly in the 
clinic without reducing mechanical integrity, 3D additive 
manufacturing is a promising alternative. 

Our design created by a collaborative team at Binghamton 
University is intended to act as an orthotic device to support 
a PIPj on the fourth digit of the hand while allowing for 
active motion in the proximal and distal joints. The digits 
consist of three main joints outside the palm: the metacar-
po-phalangeal joint (MCPj) which is toward the base of the 
digit; the distal interphalangeal joint (DIPj) toward the tip 
of the digit; and the PIPj between them (“Complications 
of Proximal Interphalangeal Joint Injuries: Prevention and 
Treatment,” Sirichai Kamnerdnakta, Helen E Huetteman 
and Kevin C. Chung, 2018). 

Injuries and treatment options
The PIPj is often vulnerable and unprotected due to the po-
sition in the digit and the long moment arm, characteristics 
that make it susceptible to injury. The severity of the injuries 
to the area can range from a minor sprain to intra-articular 
fractures. These injuries are evaluated to determine which 
can be healed with nonoperative measures and which cases 
require surgery. 
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The blue image is a computer-aided design (CAD) model of 
the orthosis the students developed for injuries to the proximal 
interphalangeal joint (PIPj) of the fourth digit of the hand. In the 
foreground is a 3D-printed model of the device. 

T
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Classification of a PIP injury is based 
on structure, mechanism and joint sta-
bility. Common injuries that can be 
treated nonoperatively are collateral 
ligament injuries, proximal phalanx 
articular fractures and fractures at the 
base of the middle phalanx (volar lip 
fracture). Nonoperative treatments 
include splinting, serial casting or tap-
ing. Treatment plans for fractures or 
dislocations of the PIP should focus 
on maintaining concentric reduction 
of the subluxated/dislocated joint, re-
storing stability to achieve normal arc 
of motion, facilitating early range of 
motion and performing anatomic re-
duction of articular surface. Some key 
treatment elements to help avoid com-
plications are immobilization, early 
protected motion with stable arc of 
motion, traction and internal fixation.

The PIP joint has a complex ana-
tomical structure (see details in related 
article below); thus, treatment methods 
are highly specialized to direct the re-
covery to success. As a result, success 
depends on the complexly planned and 
regulated application specified orthotic 
support combined with controlled ac-
tive and passive use of movement to 
avoid complications such as joint stiff-
ness, flexion contracture, redislocation, 
posttraumatic arthritis, chronic swell-

ing or digit function loss. 
Digit orthosis devices used in current 

hand care practice include thermoplas-
tic splints and metal brace splints. Ba-
sically, the thermoplastic material gets 
heated in hot water until it becomes 
flexible like pizza dough, then is manu-
ally cut and shaped to the patient’s fin-
ger. This is semi-customized since the 
material forms to the finger when soft-
ened; however, it is not perfect. Quick 
adjustments can be made through re-
heating, if needed. 

This orthosis is fastened with Velcro 
straps and is relatively time-consuming 
as well. Next, the metal brace with a 
foam pad is slightly more comfortable 
but difficult to clean. It also has Velcro 
straps to fasten and lacks any custom-
ization outside the Velcro tightening. 

The option of 3D printing has 
sparked the interest of many occupa-
tional therapists due to its low material 
costs and potential for quick, accurate 
fittings. The orthosis must stabilize, 
support, extend, align and protect the 
injured joint and volar plate during 
healing. Healing requires the gliding 
of the soft tissue structures surround-
ing the joint to avoid stiffness and fur-
ther complications. Additionally, the fit 
must not interfere with the MCPj and 
DIPj joints. 

Currently, occupational therapists 
use manual fitting techniques to de-
sign the orthosis from a thermoplastic 
material as previously mentioned. 3D 
printing can alleviate the cumbersome 
nature of Velcro fastening and increase 
customizability in current hand care 
practice techniques. Due to current 
work limitations, looking to additive 
manufacturing processes offers a lot of 
advantages.

Key points to note from our design 
requirements include a need for the de-
vice to provide protection and immo-
bilization to the PIP joint while allow-
ing soft tissue gliding; be able to slide 
on and off for therapy exercises while 
being worn but not unintentionally 
slip during daily activities; and remain 
modifiable throughout the wearing 
process as swelling will change and the 
device should be easy to use. 

The device should be small and du-
rable. Furthermore, we wanted our de-
sign to be affordable to ensure it was ac-
cessible to all. Also, the device needed 
to remain strong and functional for at 
least two weeks, which is how long tra-
ditional patients would require its use. 

Ultimately, a design pattern was pre-
ferred that could meet the needed bio-
mechanical principles of care to support 
the PIPj for healing while allowing for 
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The complex structure of the PIP joint
The proximal interphalangeal joint (PIPj) is a hinge joint that remains stable in the sagittal plane with a low tolerance to angular, axial and 
rotational stresses. It is often unprotected due to the position in the digit and the long moment arm, making it susceptible to injury. 

The PIPj has both bony and soft tissues interacting and is uniaxial, meaning some lateral movement and rotation are possible in flexion 
(Kamnerdnakta, Huetteman and Chung). Another unique property is the asymmetrical condyles (a rounded protuberance at the end of some 
bones, forming an articulation with another bone). This prohibits the bony structure from being able to fully support the joint; thus, the soft, 
surrounding tissues must stabilize and support the joint. Continually, the tongue-in-groove articulation of the intercondylar at the base of 
the middle phalanx and the bicondylar head of the proximal phalanx causes more resistance of torque and translational displacements. 

The PIPj is often viewed as protected within a three-sided box as it receives support along the volar, radial, and ulnar side but receives 
no support along the dorsal side. This increases the joint’s vulnerability. The PIPj relies on surrounding ligaments for support such as the 
collateral ligament and accessory collateral ligaments located along the sides. The volar plate is a crucial thick ligament that connects the 
two bones that glide across one another at the joint. 

Continually, dislocation of the joint requires disruption of both the volar plate and at least one collateral ligament in conjunction with joint 
damage; thus, damage to both the bony structure and the soft tissue is required for true dislocation. The flexion and extension of the PIPj is 
crucial in many hand activities, accounting for 85% motion in a functional grip used in frequent day-to-day activities. 
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needed tendon gliding and motion at 
the MCPj and DIPj in a more precise 
design and feasible hand care setting 
than current methods. Our design pro-
cess (Figure 1) included rapid proto-
typing intended to fabricate a custom 
3D-printed digit orthotic within a rea-
sonable time. 

Creating the design
We started with some initial theoreti-
cal designs and combined them based 
on the features we found as a starting 
point. From there, we altered designs, 
came up with new ones and continued 
to print and adjust based on what we 
learned. Throughout the process, we 
intended to reduce print time while 
maintaining our requirements and pa-
tient comfort. We adjusted print orien-
tation, the amount of supports, mate-
rial type, resolution and 3D printer to 
reduce printing time. 

Our design (Figure 2) includes 
multiple features that consider patient 
comfort as well as fabrication process-
es, time and clinical capabilities. Our 
design is an open frame structure that 
allows breathability and airflow with 
a diamond opening located over the 
PIPj to relieve immediate pressure over 
the inflamed joint. The frame, since it 
is higher than the digit itself, also al-
lows protection as the PIPj sits lower 
than the orthotic. The bands, side rails 
and bottom rail of the material allow 
support and prohibit PIPj movement as 
well as the bottom rail. All edges of the 
device are rounded to create a smooth, 
comfortable framework. The device is 

made with a resin which proved to be 
the most durable material and provided 
the smoothest and most consistent fin-
ish.

Next, a route mechanism was used 
for an attachment to allow easy removal 
and reapplication for therapy exercises. 
Such exercises are required throughout 
the healing process to ensure the joint 
does not overstiffen, leading to more 
joint damage and complications. The 
attachment mechanism needs to be 
strong and stable enough not to burst 
open or break, but have an easy open-
and-close mechanism so the patient 
can remove and put it on easily with no 
outside assistance. 

The route was 3D-printed and con-
sists of the same material as the open 
framework. Specifically, an L-shaped 
rabbet route design was implemented 
to enable bidirectional locking (Figure 
3). A single rail route did not prevent 
the device from prying open; however, 
the rabbet route being an L-shape suc-
cessfully locked the halves together. 
The route runs the entire length of the 
orthotic to increase stability. The at-
tachment mechanism is completely in-
ternal and minimizes interference with 
surrounding digits to the orthotic. 

Continually, the interior diameter 
of the orthotic is tapered to mimic the 
natural taper of the finger and improve 
customization in the fit and patient 
comfort. The orthotic is thicker near 
the tip of the digit to compensate for the 
narrower finger width and thinner near 
the base of the finger to compensate for 
the wider width. The taper is based on 

the three circumferences manually re-
corded. The whole orthotic could not 
be tapered due to a route requiring a 
consistent and straight base; therefore, 
only the interior diameter was tapered 
by theoretically removing less or more 
of the material from the orthotic. 

We implemented a Digi-sleeve com-

FIGURE 1

Design process
The system diagram of a single orthotic device, including the cause, clinical process and fabrication process steps.

FIGURE 2

Finished product
An angled view of the complete orthotic 
design created by the Binghamton team.
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FIGURE 3

Rabbet route design
The L-shaped design of the orthotic 
device enables bidirectional locking to 
connect the halves. The route runs the 
entire length of the orthotic to increase 
stability.
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posed of a slip material that is already 
clinically proven to reduce inflamma-
tion of the digit and increase comfort 
and sanitation. This comes in small, 
medium and large to accommodate 
multiple finger sizes and is formfitting. 

Lastly, we included a plus and minus 
sign to indicate the top and bottom of 
the orthotic. This device will inhibit 
the PIP joint from moving while leav-
ing the DIP and MCP joints free to 
bend. The length and diameter of the 
splint will be determined based on the 
patient’s digit circumference and the 
distance between the MCP and DIP 
joints determined from manual mea-
surements. 

Testing the device
A series of tests were performed on the 
orthotic and slip to determine if our 
design and choice of material was sat-
isfactory to both the engineering and 
occupational therapy industry expecta-
tions. We did disinfection testing, time 
of system testing, mechanical testing 
and human testing. The most signifi-
cant testing that best determined the 
integrity of the device was the me-
chanical testing, which included tensile 
strength, compression test, drop test 
and Creo simulation for comparison. 

During our tensile strength test, we 
constructed an apparatus of steel plates 
and epoxy glue to fit in a tensiometer 
to determine the maximum tension 
the orthotic could withstand. Unfor-
tunately, a system is only as strong as 
its weakest link, so the apparatus failed 
where the orthotic met the steel plates 
or the glued portion. However, the 
test showed the device can withstand 
at least 180 N of tension, which is sig-
nificant. 

Next, we manually performed a 
compression test using gym weights. 
This will simulate if someone acciden-
tally steps on it or engages in sports-re-
lated activities. Our initial goal was for 
the orthotic to withstand 10 kilograms 
of weight before failure. As a result, it 
was able to withstand 25 kg before flat-

tening when in the horizontal orienta-
tion. In the vertical position, it was able 
to hold 15 kg before buckling. This 
surpassed our expectations. 

To simulate a situation where a pa-
tient drops the orthotic multiple times, 
we dropped the orthotic from 6 feet 
in the air, around the average male’s 
height, 10 times consecutively. As a re-
sult, there was no damage noted which 
was promising for the overall mechani-
cal integrity of the device. 

Finally, we compared all of our ex-
perimental results to Creo simulation. 
According to the simulation, the cor-
ners of the negative spaces of the or-
thotic were weaker. This was also seen 
during the tensiometer test when those 
same spots stretched out first. Though 
there were the weaker points, there is 
no indication that the device would 
break during normal use.

Future direction
The use of 3D printed devices for cus-
tom medical technology is a potential 
area for future improvement. There 
were many aspects of this project that 
could be developed further. For ex-
ample, we believe that with the help 
of a computer scientist or engineer, a 
parametric design software could be 
developed. The issue with the current 
method is that the base model of the 
orthotic is in Creo and any customiza-
tion must also be done in the same soft-
ware. Most professionals who would be 
using this for the fabrication of custom 
devices do not have a solid background 
in 3D modeling. The development of a 
parametric design software would eas-
ily allow a medical professional to take 
measurements from a patient and make 
a custom model of the device. 

Also, current printers within mod-
erate price ranges do not possess the 
speed required for same-day produc-
tion of the device. For 3D printers to 
be used for the creation of devices of 
similar or larger sizes than the orthotic, 
faster printers must become available 
that remain affordable. 

Further improvements on our design 
could also be done to improve its func-
tionality. The current design accounts 
for the biological changes during heal-
ing that requires close monitoring of 
the effects of inflammation and adjust-
ment of the slips as needed throughout 
recovery to abate interference with 
blood flow or tendon gliding. More 
development on the designs of the slips 
might be indicated to attend to this is-
sue. 

Melanie P. Lyons is a biomedical engineer-
ing graduate from the Thomas J. Watson 
College of Engineering and Applied Science 
at Binghamton University.

Angelina Mitchell is a biomedical engineer-
ing graduate from the Thomas J. Watson 
College of Engineering and Applied Sci-
ence at Binghamton University and a design 
quality engineer I with Smith & Nephew, 
a British multinational medical equipment 
manufacturing company.

Benjamin D. Wolin is a biomedical engi-
neering graduate from the Thomas J. Wat-
son College of Engineering and Applied Sci-
ence at Binghamton University.

Nasiah C. Brown is a systems science and 
industrial engineering graduate from the 
Thomas J. Watson College of Engineering 
at Binghamton University.

Jia Deng, Ph.D., is an assistant professor 
of systems science and industrial engineering 
in the Thomas J. Watson College of Engi-
neering and Applied Science at Binghamton 
University. 

Jane Bear-Lehman, Ph.D., OTR/L, 
FAOTA, FNAP, is a tenured professor and 
founding director of the Division of Occupa-
tional Therapy in the School of Rehabili-
tation Sciences at Binghamton University. 
She is an experienced academician, scholar 
and clinician in upper limb intervention. 
She joined Binghamton’s Decker College 
of Nursing and Health Sciences in January 
2020. 
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Project team meshes skills, disciplines 
The collaborative senior capstone project 
team from the Thomas J. Watson College 
of Engineering and Applied Science at 
Binghamton University worked to create 
a 3D-printed orthotic device to help heal 
common finger injuries.

The team included biomedical 
engineering students Benjamin D. Wolin, 
Angelina Mitchell and Melanie P. Lyons 
and systems science and industrial 
engineering student Nasiah C. Brown. The 
faculty advisers were Jane Bear-Lehman, 
professor and founding director of the 
Division of Occupational Therapy in the 
Decker College of Nursing and Health Sciences, and Jia Deng, assistant professor of systems science and industrial engineering.

“This project increased my knowledge on the subject of medical devices and orthotics,” Mitchell, the project leader, told 
ISE. “Additionally, I wanted to gain more experience in leading a cross-functional team. This project allowed us to work with an 
occupational therapist, a systems science and industrial engineer and student, and fellow biomedical engineering peers. We all 
enjoyed the project and learned so much along the way.”

“Medical devices and prosthetics have always been a passion of mine and essentially, an end goal for me,” Lyons, a biomedical 
engineering student, told ISE. “As soon as I saw this project, I knew it was the best senior design project for me to gain experience 
for my future and to remain engaged for two semesters. The project has been very rewarding and interesting every step of the way.”

The advisers also relished the chance to combine the students’ skills and knowledge on the project. 
“It has been a unique experience, marrying 3D printing and occupational therapy, but I love it,” Deng, an IISE member, told 

BingUNews. “I didn’t know too much about OT at the beginning, but I’m learning.”
Bear-Lehman said her interest was in working with engineering to improve occupational therapy practices by linking the new 

Occupational Therapy Division with biomedical and IE students. 
“This has been a wonderful experience,” Bear-Lehman told BingUNews. “And I’m excited because it’s just the beginning.”
The students, all May 2021 graduates, created their own work bubble group to gather in person during the COVID-19 pandemic 

while meeting remotely with their advisers. They came up with their orthotic design by the end of fall semester and used manikin 
patient simulators in the Innovative Simulation and Practice Center at Decker to test and adjust the designs they created in the 
Watson College Fabrication Laboratory. 

“Going into the project I did not know a lot about 3D printing besides the basics. Now I know so much more about the fine 
details, requirements and potential materials,” Lyons said. “Our biggest surprise along the way was how long most affordable 3D 
printers take to print a simple, small scale design.”

The students said the ability to bring together varied engineering approaches was a good way to prepare for their future careers. 
“I highly recommend collaborations among different disciplines,” Mitchell said. “After college, we will be going into the real 

world working on teams consisting of individuals with different backgrounds. This is beneficial because it exponentially increases 
the probability of creative innovation. However, it is important to learn how to communicate complex ideas to someone of a 
different background/discipline to ensure the team is on the same page.”

“Collaborations among the different disciplines is beneficial to students in a project setting as it provides various insights and 
considerations,” Lyons said. “After we graduate, it is very common for different disciplines to collaborate on projects. It is good to 
gain this experience early. ... The project feels like a situation I could see myself being in when I work in industry and as my career. 
I have loved and embraced every moment of the project and cannot wait to work on projects like this in my career.”

Binghamton University professors Jane Bear-Lehman, left, and Jia Deng served as 
faculty advisers for the senior capstone project.
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Animal analytics: Predicting pet adoption
speeds as a multidisciplinary team
Today’s technology can collect data in a 
variety of ways, from what we post on 
social media, to fitness trackers, even to 
what we buy online. Data is a human-
oriented object: We produce, evaluate 
and understand data in hopes of gaining 
useful insights to make future decisions. 
These decisions usually affect other hu-
mans, but in this case study, we focused 
on our four-pawed friends: cats and dogs.

Unfortunately, many animals are sur-
rendered to animal shelters each year. 
According to the American Humane 
Society, approximately 3.7 million ani-
mals were euthanized due to overcrowd-
ing. Many organizations recommend 
sterilization, pet ID tags and other ways 
to decrease the chance of euthanasia. But 
what if we could use analytics to predict which animals were at risk? 

That was the goal and hope of the Kaggle PetFinder.my Adoption Predic-
tion competition. PetFinder.my is a Malaysian-based pet adoption platform where 
various animals are put up for adoption in hopes of finding permanent homes. 
Though the official competition was over at the time, the Wright State Univer-
sity team decided to attempt this challenge for its class project. The project was 
split into three primary phases as shown in Figure 1 and conducted predomi-
nantly in SAS Enterprise Miner 14.1.

 
Data acquisition, processing
In this phase, we used the train.csv file on the Kaggle website to explore and 
understand how the data was structured. There were 14,993 data instances, later 
split 70/30 into training and validation sets, respectively. The original dataset 
had 25 variables, and using the R package, Sentiment Analysis and the Descrip-
tion field, two more variables were added: Sentiment Score (occasionally refer-
enced as SentimentQDAP) and Wordcount. All the variables’ Enterprise Miner 
levels and roles are shown in Figure 2. 

While initially exploring the data, a variable worth plot was created to iden-
tify highly correlated variables to the target, adoption speed, which is shown in 
Figure 3 (Page 30). 

Once the basics of the data were understood, the next task was to process the 
data. This primarily involved cleaning the description and name fields so that 
textual data could be incorporated into the model. Enterprise Miner required 

Solutions in practice  
by Kara Combs and Amir Zadeh

case study

Author Kara Combs, a master’s 
student in industrial and human 
factors engineering at Wright State 
University, and her dog Crystal.
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the data to be in a .csv file 
format and could only 
process alphanumeric 
characters; however, 
both of these fields had 
odd, noisy use of non-
interpretable characters 
within the fields. Once 
the description and name 
fields were cleaned, the 
“text topics” were creat-
ed using the default term 
frequency-inverse docu-
ment frequency (TF-
IDF) technique within 
Enterprise Miner. For the 
regular models, 25 textual topics were created, and for the high 
performance (HP) model, 100 were created. From this point, 
the data was split into training and validation sets feed into the 
models constructed in the next phase.

Data modeling
In the third and final phase, many different data mining tech-
niques learned in the classroom were applied to the dataset. In 
all, six different methods were applied: regression, least angle 
regressions (LARS), decision tree, gradient boosting, neural 
network and HP (random) forest. Each method was attempted 
once with the textual data removed and then, again with the 
textual data reincorporated. One of the benefits of Enterprise 
Miner is its drag-and-drop interface with “nodes”, which re-
quires practically no coding if one chooses. This helped the 
team tweak and run these models with ease.

The reference pages on “Node Reference: Model Nodes” 
provide an overview of the nodes and how it is embedding 

within the software. A summary of those descriptions is used to 
describe each of the six methods used.

• Regression: A multivariate linear regression factored in all 
the input variables regardless of whether they were deemed 
significant or not.

• LARS: Similar to a linear regression except it uses angles 
between predictors to help guide the creation of the model 
and it may not incorporate all the available variables.

• Decision trees: Application of if/then rules on the tree us-
ing selected variables to create a tree-like structure consisting 
of branches and leaf nodes to accurately capture the entire 
dataset. Two decision trees were created based on different 
splitting rules, ProbF (based on the p-value of a node’s vari-
ance) and variance (based on reduction on the squared error).

• Gradient boosting: Similar to a decision tree but better 
described as a partitioning algorithm that creates subsamples 
from the data and combines the results for the overall model.

FIGURE 1

Research methodology
The project was split into three primary phases: data acquisition, processing and modeling. 

FIGURE 2

Data variables
The 27 variables used for analysis in the study.
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If you’ve been involved in a project that put solutions to the test in a 
real-world environment, it could be a potential Case Study article. Please 
send your idea to Managing Editor Keith Albertson at kalbertson@iise.org 
for consideration.

Do you have a Case Study to share?

• Neural network: Popular 
black-box method biologi-
cally inspired by a neuron that 
involves at least an input, out-
put and “hidden” layer con-
sisting of a complex mathe-
matical formula. Our method 
used the “misclassification” 
model selection criterion and 
240 iterations before being 
forced to converge.

• HP forest: Random forest 
algorithm optimized for large 
datasets. Many decision trees 
are crated with various vari-
able considerations, whose 
outcomes determine the 
overall algorithm’s results.

Though not a standardized “model” all the non-HP models 
were fed into an ensemble node, which combines elements of 
each and usually yields a high scoring result. 

Analyzing the results
Each model in its nontextual and textual forms was compared 
based on its average squared error (ASE) shown in Figure 4. Ex-
cluding the ensemble model, the text-based gradient boosting 
model performed the highest with an ASE of 1.1680 weeks. It 
appears that the textual data did not make a huge impact on the 
models with only two text-based models outperforming their 
nontextual counterparts. 

In addition to identifying a model that had the highest pre-
diction accuracy, several variables stood out as particularly 
important, including the pet’s age and breed, in addition to 
its sterilization and vaccination records based on the variable 
worth plot. 

When working on this project, the results must not be con-
strued in a way that recommends that a shelter euthanized “un-
desirable” pets, but rather promote them on their website and 
through ads. The ultimate goal is to help all pets currently living 
in shelters regardless of our model of expected predictability for 
an animal. Future work in this area could potentially involve the 
incorporation of pictorial data through a convolutional neural 
network and advocating for users to fill out specific information 
about a pet being put up for adoption in hopes of uniting it with 
a new family. 

Kara Combs is currently pursuing her master’s degree in industrial and 
human factors engineering at Wright State University in Dayton, Ohio, 
where she received her bachelor’s degree in industrial and systems engi-
neering in May 2021. She recently became a professional member of 
IISE after four years as a student member.

Amir Zadeh is an associate professor of management information sys-
tems at Wright State University. He received his Ph.D. in management 
science and information systems from Oklahoma State University and 
holds degrees in industrial engineering and management systems and ap-
plied mathematics. 

FIGURE 3

Variable worth plot
The highly correlated variables include age, sterilized, breed1 and vaccinated.

FIGURE 4

Average squared error
ASE results from each of the different models applied. WHAT CAN IISE MEMBERSHIP 
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Variable worth plot
The highly correlated variables include age, sterilized, breed1 and vaccinated.
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Latin America is a region of many challenges but 
also of innovation and opportunities. It is a region of 
rapid urbanization, with 80% of its population (505 
million people) living in cities within a diverse urban 
landscape. 

It also has great concerns and challenges in terms 
of social inequality gaps; Latin America is arguably the most 
unequal region in the world. A recent study conducted from 
366 cities in the region showed that 172 million (or 58% of the 
population studied) live in areas that have air pollution levels 
above the guidelines of the World Health Organization. 

Another characteristic of the region is heavy traffic in its cit-
ies. In my city of Bogotá, Colombia, the increments in travel 
time due to this factor alone is about 50%; a 60-minute trip 
takes on average 90 minutes to complete. It is clear that citizens 
in Latin America have a complex landscape. Although we have 
learned to embrace chaos, the positive aspects of the region 
offset these challenges. But for industrial engineers, this is an 
invitation for improvement.

Sustainable development goals (SDGs) are a call for action by 
all countries to promote prosperity while protecting our planet 
and environment. The SDG 11 (The Global Goals for Sus-

tainable Development, globalgoals.org/11-sustainable-cities-and-
communities) focuses on making cities inclusive, safe, resilient 
and sustainable. In this context, Latin America has a lot to do 
to meet this goal by 2030, but also most of the countries in the 
global south. 

To illustrate these challenges, only half the world’s popu-
lation has proper access to public transit. More than half the 
world’s population does not have proper access to public spaces 
like parks. Air pollution causes a significant amount of untime-
ly deaths. In addition, during the pandemic, more than 90% of 
COVID-19 cases have appeared in cities, putting even more 
social and economic pressure on urban settings. A lot of ISE 
wisdom could be put into service to make our world better.

On the bright side, several policies and programs have 
emerged from Latin America and perhaps may spread to 
other regions. We have systems that operate at a different 
scale or under other realities that have pushed us to develop 
creative solutions. In this article, I will cover challenges re-
lated to transportation, recreation in public spaces and air 
quality that have been partially tackled using ISE techniques 
in transdisciplinary teams. I will cover some of these stories 
where the ISE viewpoint has enriched the solutions in non-

L

Bogotá, Colombia, 
is a capital city that 
serves as an example 
of the challenges 
and solutions toward 
creating sustainable 
urban environments  
in Latin America.
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Lessons from Latin America 
for sustainable, healthier cities
ISE teams create solutions for recreation, traffic, pollution problems

By Andrés Medaglia

Bogotá, Colombia, 
is a capital city that 
serves as an example 
of the challenges 
and solutions toward 
creating sustainable 
urban environments  
in Latin America.
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traditional settings for our profession.
Two key tools of ISEs are operations research and analytics, 

which focus on solving complex problems. Both share the 
idea that, through mathematical and computational models, 
we support better decision-making by transforming data into 
actionable advice. Descriptive models provide insight from his-
torical data, predictive models try to view what will happen 
in the future and prescriptive models provide actions for deci-
sions. More importantly, ISEs with their systemic view and ho-
listic perspective derive methodologies by coupling, extending 
and integrating different models to provide complete analytics-
based solutions to complex problems and systems. 

To do so, it is important to articulate three pillars. First, it is 
important to identify the problem, its context, the stakeholders 
and the system’s boundaries and its dynamics. Second, once 
we understand the problem, we can choose and build the right 
model. If there is no model that is a good fit for our problem, 
sometimes we need to extend these models through research. 
Third, as these models feed from data, it is necessary to extract, 
transform and load data in a systematic way. 

These analytics-based solutions often require us to devise 
an ensemble of models and to explore multiple scenarios sys-
tematically, so programming is the glue that puts everything 
together. Finally, once we solve our model, we need to go back 
and interact with the stakeholders through a visual and action-
able representation of the solution. So let us see how we have 
put these ISE tools to work.

Expanding recreation opportunities 
In this case study, we worked in a public space program called 
the Recreovía program with the Institute of Sports and Recre-
ation of the city of Bogotá (IDRD). The Recreovía program 
provides physical activity classes in parks, mainly for vulnerable 
communities. This type of program is present in nine countries 
in Latin America with more than 350 programs. 

As the program grows, it is necessary to identify the best lo-
cations and schedules to expand the Recreovía hubs through-
out the city. This challenge involves assigning public resources 
efficiently (“A robust DEA-centric location-based decision 
support system for expanding Recreovía hubs in the city of 
Bogotá (Colombia),” Sepideh Abolghasem, Felipe Solano, 
Claudia D. Bedoya, Lina P. Navas, Ana Paola Ríos, Edwin A. 
Pinzón, Andrés L. Medaglia and Olga L. Sarmiento, Interna-
tional Transactions in Operational Research, 2019). 

To respond to this challenge, we developed RecreoBOG, 
a decision support system for the IDRD. RecreoBOG uses 
geographical data and information on locations, areas, theft 
records, schedules and historic attendance. At the descriptive 
layer, it is possible to visualize information through descrip-
tive models. In this case, we built a data envelopment analysis 
model to classify programs according to their efficiency. At the 
predictive layer, we built a model based on random forest to 
estimate the number of potential participants in the new hubs. 
At the prescriptive layer, to select the best sites to expand the 
program, we used robust optimization models that maximize 

A Recreovía hub in Bogotá provides physical activity classes in parks, mainly for vulnerable communities.
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the number of participants in the program, taking into account 
the limited budget, that at most one schedule is selected per 
hub and that the sites are widespread throughout the city to 
adequately cover its population. 

It is worth emphasizing that these analytics models are inte-
grated – the output of one model is the input for another. ISEs 
are able to build these integrated models to solve these complex 
problems. In 2017, the IDRD used RecreoBOG for its expan-
sion plan. Our team created different scenarios and conducted 
a “what if” analysis with IDRD officials. Our team recom-
mended a set of 19 Recreovía hubs that consistently appeared 
in the solutions of our prescriptive analysis. 

Of course, things are not always smooth and crisp as the 
output of our models. Considering new budget realities and 
gathering input from the community and local policymakers, 
the IDRD decided to open 10 new hubs out of the 19 initially 
recommended. After the implementation of the new hubs, at-
tendance steadily increased. Total attendance data among all 
hubs from February to May 2017 showed a compound month-
ly growth of 28% and an average per event attendance growth 
of 7%.

Measuring cyclists’ traffic stress 
In this second study, we developed a methodology to estimate 
the level of traffic stress of cyclists in Bogotá. This work was 
funded by the Wellcome Trust of the UK and is part of a larger 
project called SALURBAL (a Spanish acronym for Urban 
Health in Latin America), which has a main goal of making 

cities healthier, more equitable and environmentally sustain-
able. 

Bogotá has the largest network of bikeways in Latin Ameri-
ca, with more than 550 km (more than 341 miles) of dedicated 
bikeways. Cyclists use this bike network, combined with the 
mixed-use road network, to complete their trips. In 2019, bike 
trips accounted for 7% of the 13.3 million daily trips in the city. 

It is important for the city to assess the level of stress that a cy-
clist experiences based on the physical and functional attributes 
of the streets. At the end, our city would like to know how to 
invest in infrastructure to have a bike network with lower stress 
levels for cyclists.

But first, how do we measure the level of traffic stress (LTS)? 
The LTS is an indicator that classifies the road segments ac-

A bike path in Bogotá. The Colombian capital has the largest network of bikeways in Latin America, with more than 550 km  
(more than 341 miles) of dedicated bikeways. Cycling trips accounted for 7% of the 13.3 million daily trips in the city in 2019. 
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It is clear that citizens in Latin 
America have a complex landscape. 

Although we have learned to embrace 
chaos, the positive aspects of the 
region offset these challenges. But 
for industrial engineers, this is an 

invitation for improvement.
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cording to the stress experienced by 
cyclists. To illustrate, if cars pass by 
your side, you might feel threatened 
and in danger. But if you ride on a 
segregated bike path, you might feel 
a bit more secure. These experiences 
create different levels of stress. 

Under the LTS umbrella, depend-
ing on the characteristics of the road 
segment and its functional informa-
tion, the street is classified as one of 
four levels. Typically, LTS 1 are streets 
that are the least stressful roads, even 
suitable for kids. On the other end of 
the spectrum, LTS 4 are streets gener-
ally more stressful and are suitable just 
for fearless cyclists. 

Although LTS methodologies 
have been developed and applied to 
small- and medium-sized cities (such 
as Portland, Oregon, in the U.S.), our 
challenge was to extend the method-
ology to estimate LTS for a city of the 
size of Bogotá. Our analytics-based 
methodology starts with variable se-
lection. After discussing with trans-
portation experts, urban planners, and 
public health experts in our group, we identified two groups of 
variables: physical and functional. The physical variables were 
road width, number of lanes, presence of cycling infrastructure 
and heavy vehicles; the functional variables were vehicle speed, 
traffic density, traffic flow and congestion. 

Once we calculated the variables for all the road segments, 
we used cluster analysis to identify the road segments that are 
similar to each other in terms of the eight variables (“Level 
of traffic stress-based classification: A clustering approach for 
Bogotá, Colombia, Colombia,” Jorge A. Huertas, Alejandro 
Palacio, Marcelo Botero, Germán A. Carvajal, Thomas van 
Laake, Diana Higuera-Mendieta, Sergio A. Cabrales, Luis A. 
Guzman, Olga L. Sarmiento and Andrés L. Medaglia, Trans-
portation Research Part D: Transport and Environment, 2020). Be-
cause Bogotá has about 170,000 road segments, the clustering 
algorithm takes a long time to run. For this reason, we had to 
adjust the classification algorithm to make it faster and scalable 
to the size of the city. We chose a representative area of the city, 
called a locality, and ran the clustering algorithm with the road 
segments of that single area. 

After classifying the road segments into one of the four clus-
ters (LTS low, LTS medium, LTS high and LTS extremely 
high), we trained a multinomial logistic regression to predict 
the probability of a new segment to belong to one of the four 
stress levels. With these probabilities, we classified the rest of 

the road segments in the city. Finally, based on this two-step 
classification, we developed a dashboard (Figure 1) to visualize 
these results. There we can see the LTS for a given neighbor-
hood and that the busier, wider streets tend to be LTS extreme-
ly high (red) and the residential streets within the neighbor-
hoods tend to be LTS low (green).

Our LTS methodology provide useful information for city 
planning. We tested the hypothesis that more accidents occur 
on segments classified as LTS high and LTS extremely high. 
We overlapped the LTS layer with official reports of fatal and 
nonfatal collisions. As expected, the fatal and nonfatal accidents 
increased as the LTS level increased. Thus, we provided city 
officials strong evidence to help them find resources to lower 
the level of stress of the road network. Also, this methodology 
allows city officials to efficiently predict the impact of planned 
interventions on the LTS-based classification. When a new 
segment is planned, now we can anticipate how much stress it 
will impose on cyclists.

Measuring the multidimensional impact 
of the bicycle transport system
A third case focuses on the multidimensional impact of cycling 
as an active transportation mode that grew significantly as an 
alternative in the COVID-19 pandemic. This project is spon-
sored by Engineering X, an international collaboration funded 

FIGURE 1

Measuring cyclists’ road stress
A dashboard shows the level of traffic stress (LTS) classification in the Ciudad Salitre 
neighborhood of Bogotá. 
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by the Royal Academy of Engineering and Lloyd’s Register 
Foundation (“Engineering X. Safer Complex Systems,” Royal 
Academy of Engineering, case studies). 

On March 20, 2020, the city of Bogotá entered a strict lock-
down due to the global COVID-19 pandemic. The Mobility 
and Health Secretariats looked into innovative ways to guaran-
tee mobility throughout the city while reducing the capacity 
of the public transport system complying with social distancing 
recommendations. Based on the city’s established bike culture, 
local government targeted temporary bike paths as the primary 
solution, and by June 2020, it added 117 km (72.7 miles) of 
temporary bike lanes on top of the 550 km of existing dedi-
cated bikeways. This expansion was planned and conceived by 
mirroring the corridors of the bus rapid transit, adding cycling 
infrastructure in areas with high volume of cyclists and adding 
more connectivity to longer bike trips. 

With this context in mind, this project focuses on Bogotá’s 
bicycle transport system and the measures taken by the city to 
manage the crisis. We evaluated the potential impact of the 
temporary bikeways in terms of safety, health, efficiency and 
flexibility. We designed a systems analytics methodology that 
combines systems modeling and analytics to analyze the bicycle 
transport (complex) system. 

The systems analytics methodology is an innovative meth-
odology for evaluating systems that combines actors’ knowl-
edge with data collected from possible interventions of the sys-
tem. It uses analytics (descriptive, predictive and prescriptive) 
models to measure the system regarding specific performance 

indicators. The results of this case study are available at the 
Safer Complex Systems-Engineering X site, raeng.org.uk/safer-
complex-systems.

Tackling Bogotá’s air quality 
The fourth and last case focuses on air quality at a larger scale 
for Bogotá. This project, funded by the city, brought together 
researchers from environmental and industrial engineering, the 
business school and the school of economics to solve a critical 
environmental and health problem for the city.

Rapid urbanization has a direct impact on air quality and 
health-related problems. In 2015, the total cases of mortality 
attributable to air pollution reached 3,000 deaths, about 10.5% 
of the city’s total deaths. The estimated cost due to air pollution 

More than 10% of Bogotá deaths were attributed to air pollution in 2015, with an estimated cost to the city of $1.5 billion-plus.

ISEs with their systemic view 
and holistic perspective derive 

methodologies by coupling, extending 
and integrating different models to 
provide complete analytics-based 

solutions to complex problems and 
systems. 
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has surpassed $1.5 billion (“Ambient fine particulate matter in 
Latin American cities: Levels, population exposure and associ-
ated urban factors,” Nelson Gouveia, Josiah L. Kephart, Iryna 
Dronova, Leslie McClure, José Tapia-Granados, Ricardo Mo-
rales-Betancourt, Andrea Cortínez-O’Ryan, José Luis Tex-
calac-Sangrador, Kevin Martinez-Folgard, Daniel Rodriguez 
and Ana V. Diez-Roux, Science of The Total Environment, 2021).

We were part of a multidisciplinary project that proposed 
a 10-year decontamination plan for the city. The project pro-
vided a prescriptive optimization-based integrated assessment 
modeling tool to support a comprehensive urban air quality 
policy in Bogotá (“Optimization model for urban air quality 
policy design: A case study in Latin America,” Jorge A. Sefair, 
Mónica Espinos, Eduardo Behrentz and Andrés L. Medaglia, 
Computers, Environment and Urban Systems. 2019). It provided 
city officials with a portfolio of mitigation actions for air qual-
ity policymaking including implementation cost, pollution 
goals, interdependencies between alternatives and managerial 
and regulatory constraints. It finally supported the design of an 
air quality plan to accomplish objectives on emission levels at 
the city level in a 10-year horizon. 

The output of our model was a portfolio of mitigation ac-
tions and the optimal timing for execution of these strategies, 
given a set of constraints like budget, pollutant goals and regu-
latory constraints. This plan takes into account early and tardy 
dates for implementing each mitigation strategy, the capacity 
of the city to implement the policies, synergies between the 
strategies, economic costs and environmental impact (the re-
duction of pollutants). A key feature of this model is the fact 
that for each mitigation strategy, it is necessary to select a mode 
of implementation. These different modes have different re-
source consumption and more importantly, they have different 
environmental inputs. 

A health benefit analysis of the proposed air quality plan es-
timated the health impacts and costs for the optimal plan (for 
2010-2020), including 17,600 avoided deaths associated with 
long-term exposure to PM10 (solid and liquid particulate mat-
ter less than 10 micrometers in diameter); a decrease in 1,600 
cases of child mortality; 30,100 avoided hospitalization cases 
linked to respiratory diseases in children under age 5; and a 
reduction in 11,900 hospitalization cases due to cardiovascular 
diseases.

Implementation of the plan has encountered multiple ob-
stacles. Some measures were sanctioned as decrees; others were 
not applied. But all in all, it had partial impact on improving 
the air quality in the city. Since 2010, the fraction of days per 
year where PM10 concentration exceeded the national standard 
of 15 micrograms per cubic meter has decreased, showing a 
significant improvement in air quality. Again, we cannot argue 
that it is just the result of implementing the prescriptive model, 
but it is certainly one of the multiple causes of this positive ef-
fect. 

ISEs meeting the challenges 
Latin America is a region full of challenges and opportuni-
ties. I have put an emphasis on the problems we need to solve, 
but there are many more positive aspects. In the region there 
are a lot of ISEs who are passionate about solving these prob-
lems. Throughout these projects, working in multidisciplinary 
teams, we have seen how professionals from other disciplines 
have seen the power of ISE and have embraced our tools to 
make them their own, allowing us to shift to truly transdisci-
plinary research. These sustainability problems are a constant 
call for innovation with other disciplines.

Solutions for complex problems often demand the integra-
tion of multiple models: descriptive, predictive and prescrip-
tive. As ISEs, we are called to be analytics solution architects 
with a systemwide perspective. To impact our communities, 
it is necessary to engage policy and community actors in the 
co-creation of these solutions using systems-thinking method-
ologies. This takes time but builds a solid ground for long-term 
solutions. 

Andrés Medaglia is a full professor of industrial engineering at Univer-
sidad de los Andes in Bogotá, Colombia, an IISE University Partner. 
He has nearly 20 years of experience conceiving, designing and de-
veloping analytics models that support strategic and operational deci-
sions in a wide range of domains, including transportation and urban 
systems. His research has led to over 60 peer-reviewed publications and 
over 180 oral presentations in analytics and operational research. He 
serves in the editorial boards of Transportation Science, Comput-
ers and Operations Research, the European Journal of Indus-
trial Engineering and TOP, the official journal of the Spanish OR 
and Statistics Society. He has received several awards, more recently the 
Glover-Klingman Prize (2020), the INFORMS/TSL President’s 
Service Award (2017) and the IFORS Prize for OR in Development 
(2017). He is an IISE member and has served as vice president of 
Central/South America for IISE. Contact him at andres.medaglia@
uniandes.edu.co.

Solutions featured in 2021 
Annual keynote

Author Andrés Medaglia presented a summary of his team’s 
findings in his keynote speech at the virtual 2021 IISE Annual 
Conference & Expo. His presentation and other conference 
content remains accessible to attendees with their site login at 
iise.org/Annual2021. To register and learn more about the 2022 
conference scheduled for May 21-24 in Seattle, Washington, 
visit iise.org/Annual.

C O N F E R E N C E  &  E X P O
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Hunger is a reality for more than 50 million peo-
ple in America, 1 in 6 of the U.S. population, 
including more than 1 in 5 children. Though 
hunger is a sensation that can be felt physically, 
it can be laborious to measure it. One such way 
to measure hunger and food scarcity of a large 

population is by food insecurity. 
Food insecurity is the state or condition where someone 

is living short of obtaining ample amounts of cost-effective, 
accessible and nourishing food. In 2013, households that 
had higher rates of food insecurity than the national av-

erage included households with children (20%), especially 
those households with children headed by single women 
(34%) or single men (23%). 

Also, as per the 2015 statistics provided by Feeding Amer-
ica ( feedingamerica.org), one of the largest domestic hunger-
relief organizations in the United States, 42.2 million 
Americans live in food insecure households, including 29.1 
million adults and 13.1 million children. This constitutes 
about 13.1% of households that are food insecure. 

To curb this issue, food insecure individuals and families 
receive assistance from the government and from philan-

H

How data science can provide 
nourishment and food 

security 
Analytics boosts food banks’ efforts in fundraising, distribution processes

By Rahul Srinivas Sucharitha and Seokcheon Lee

http://feedingamerica.org
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thropic programs. One such program is Feeding America, 
which provides food and assistance to these individuals 
through a nationwide network of around 200 food banks 
and around 63,000 food pantries and meal programs. Of 
those, 66% of food pantries, 41% of kitchen programs and 
11% of shelter programs have no paid staff and rely entirely 
on volunteers. 

Food bank network members of Feeding America supply 
food to more than 37 million Americans each year, includ-
ing 14 million children and 3 million seniors; 34% of all 
households served by Feeding America have had to choose 
between paying for food and paying for medicine or medi-
cal care. Additionally, 72% of food banks do not feel as 
though they are able to adequately meet the needs of their 
communities without adjusting the amount of food distrib-
uted.

To assist in their efforts, industrial engineers can use 
their skills to create a realistic food allocation metric and 
ensure equitable and nutritious food to those who are 
food insecure.

How food banks need data analytics
Food banks obtain donated food and grocery products 
from national food and grocery manufacturers and retail-
ers. These donations then are distributed to food pantries 
and meal programs based on their availability. People in 
need receive the donated foods from these food pantries 
and meal programs. Food is usually received from food do-
nors by following a fixed schedule that is convenient to the 
donors. 

Once the food is obtained from the donors, it is processed 
and inspected at the food bank before being made available 
for distribution to the agencies (Figure 1). The food is dis-
tributed to the agencies by trucks that are maintained by 
the banks or are being rented based on the travel schedule. 
Agencies receive the donated food based on their storage 
capacity (in pounds). It is then prioritized based on distance 
from the food bank; usually the nearest agencies are given 
priority. This leads to circumstances where an inadequate 
amount of nutritious food is provided to people who need 
it as the food is distributed based on weight and not based 
on the amount of the type of food, such as protein or fats.

According to the recent Salesforce Nonprofit Trends Report, 
more than half of the nonprofits (53%), including food as-
sistance programs and other types of nonprofits, find it easy 
to collect program data. However, putting that data into 
action is more complicated. Fewer than half (47%) say it is 
easy to analyze that data, leading to a wide range of strug-
gles when it comes to tracking and quantifying things like 

FIGURE 1

Food bank distribution 
How donated food is passed from donors to food banks and then on to participating agencies.

42.2 million Americans live in food 
insecure households, including 29.1 

million adults and 13.1 million 
children. This constitutes about 13.1% 

of households that are food insecure. 
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impact and performance. Also, just 41% say they find it easy 
to have data power the overall impact of programs. 

In addition, despite the fact that mobility is becoming 
more important to nonprofits each passing year, only 29% 
say they can easily capture and access data from a mobile 

device. This shows the importance of analytics tools for 
nonprofits, but only 45% currently use analytics, according 
to the report, with an additional 30% planning to use such 
tools within two years.

Nonprofits have huge datasets they can exploit to de-

How food banks began
The food bank concept was started by John van Hengel in Phoenix in the late 1960s (Figure 2). The retired businessman was volunteering 
at a soup kitchen trying to find food to serve the hungry and observed the discarding of edible food from grocery stores. He concluded 
the food could be used to feed those in need by storing the items for people to pick up. 

Van Hengel established St. Mary’s Food Bank in Phoenix as the nation’s first food bank. In its first year, he and his team of volunteers 
distributed 275,000 pounds of food. Word of their success spread quickly and others in the country began to take note. In 1976, the U.S. 
government provided van Hengel’s food bank with a grant to assist in developing similar operations around the country. That was helped 
by the passage of the 1976 Tax Reform Act that made it financially advantageous for companies to donate their products. This federally 
funded development lengthened and ultimately incorporated to manage the solicitation of assistance from donors and develop standards 
for food banks pertaining to storage capacity, quality control and management.

By 1977, food banks were established in 18 cities across the country. As the number increased, van Hengel created a national 
organization for them, and in 1979 established Second Harvest, later known as America’s Second Harvest the Nation’s Food Bank 
Network. Federal funding was discontinued by 1982, so America’s Second Harvest pursued alternative financial sources and moved its 
national office to Chicago in 1984. The organization continued to grow as the practice of food banking gained acceptance along with 
support from the food industry and local social service providers.

With many major cities establishing food banks by the mid-1980s, network expansion slowed and America’s Second Harvest’s shifted 
its focus to improving existing programs. The professionalism and efficiency of food bank operations improved dramatically, resulting in 
a much greater amount of food and products being distributed by the network.

In 1999, the name of the national organization was officially changed to America’s Second Harvest with a goal of ending hunger in 
America. In March 2000, it merged with Food Chain, the nation’s largest food rescue organization. That produced the country’s most 
comprehensive and efficient charitable food rescue and distribution organization.

In 2008, the network changed its name to Feeding America to better reflect the mission of the organization. Today, it is the nation’s 
largest domestic hunger-relief organization with an efficient network of 200 food banks nationwide. As food insecurity rates hold steady at 
the highest levels ever, the Feeding America network of food banks has risen to meet the need serving the entire U.S., with its food banks 
operating 63,000 agencies that address hunger through emergency food assistance and programs. Learn more at feedingamerica.org.

FIGURE 2

Food bank history
A timeline details the origin of food banks.

http://feedingamerica.org
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velop statistical models that can help them op-
timize fundraising. Using segmentation and 
predictive modeling helps them identify and 
target the right groups to develop a more re-
fined marketing strategy. Data insights help 
nongovernmental organizations identify and 
segregate donors based on various factors, 
which they can use to drive their marketing 
and fundraising efforts more effectively. Data 
analysis also helps charitable organizations dis-
cover relationships that can help them develop 
specific incentives.

Nonprofits such as food banks and agencies 
need to sustain themselves throughout the en-
tire year. To do so, they need to be efficient 
in their operations and donor outreach efforts. 
Data analytics tools can help on those fronts, 
and recent research indicates that such solutions 
are needed at nonprofits. Food assistance programs can use 
analytics to streamline operations, increase cost efficien-
cy, determine and optimize financial margin by program, 
model and forecast performance (e.g., membership trends, 
donor trends, resource needs and revenue expectations), 
improve the budgeting process, and enhance overall mis-
sion effectiveness. Such solutions can provide significant 
benefits to nonprofits, including the ability to measure a 
return on investment. 

Analytics can also help nonprofits figure out the best 
prospects to engage to make a donation. Modeling can be 
used to examine donor demographics, giving data and in-
teractions with an organization to predict the future giving 
behaviors of potential donors. Wealth screening and pub-
licly available information can then be used to determine 
the prospects with the most money to potentially seek for 
donations. 

Used together, these tools can help an organization nar-
row the scope of the prospect database and identify pros-
pects for assignment to the development staff, make more 
informed donation requests and identify new prospects to 
fill the donor pipeline. Analytics can also help strengthen 
an organization’s membership recruitment and fulfillment 
operations. Data analysis and visualization can also play a 
huge role in real time tracking during crises by optimizing 
relief efforts.

Traditionally, food assistance programs have purchased 
lists of names in the target market and sent communications 
deep into that list, as well as to their existing membership 
base. However, instead of using that blunt approach to yield 
new members, nonprofits can use data analytics to analyze 
various factors, activities and characteristics in concert to 
determine how they relate to and affect each other. This 
enhanced approach enables organizations to generate an 
optimal number of engaged members in a fiscally prudent 
manner. Using data analytics, planning exercises can con-
sider a more complete set of factors, such as membership 
outreach yield, cost per outreach, market penetration, de-
mographic factors and changes, membership engagement 
and membership product cross-selling.

There are numerous other benefits to analytics. The tools 
can be used to track and analyze nonprofit staff activity and 
motivate them through data-driven performance bench-
marks. Basic activity metrics, including donor visits, solici-
tations, gifts received and new prospects, will provide the 
baseline health of the donor pipeline and enable revenue 
forecasting. Analytics can also help improve donor relations 
by providing more quantifiable data to donors on the im-
pact of their “investment,” which may then motivate them 
to give again. Organizations must not only make data mea-
surement a priority but also understand the various ways 

Nonprofits such as food banks and 
agencies need to sustain themselves 
throughout the entire year. To do 

so, they need to be efficient in their 
operations and donor outreach efforts. 

Data analytics tools can help  
on those fronts, and recent research 
indicates that such solutions are  

needed at nonprofits.
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that impact data can be effectively communicated. 
Data analysis can help these organizations make sure that 

they’re putting their time, effort, money and energy into 
the right channels. Nonprofit organizations need funds to 
fulfill their missions, but they also need to prove the results 
of their work to attract donors. Data science has immense 
potential in optimizing this cycle and can help organiza-
tions make well-informed, sound decisions. While not ev-
ery organization can afford to hire full-time data analysts, 
some fill the resource gap by seeking help on platforms like 
Kaggle and Stack Exchange, or by hiring freelance data 
scientists and consultants through Kolabtree and Experfy. 

That data science bears enormous potential for govern-
ment organizations and nonprofits, big and small, is quite 
clear. But accessing experts is a common problem that these 
organizations face. Processes often are bureaucratic, and the 
funds collected may be inadequate to employ a full team. 
Thus, many organizations don’t see the power of data sci-
ence manifest. 

One solution for organizations is to consult freelance data 
science experts for short-term projects. This helps them ac-
cess the expertise of data analysts while keeping the process 
cost-effective. This is one practical way the third sector can 

reap the benefits of data science and stay empowered, so 
that they can empower others.

Filling the need for nutrition
Regional food banks collect the donated, purchased and 
government-supplied foods, and distribute the foods to 
their 63,000 locally affiliated agencies that provide gro-
ceries and hot meals to low-income families through meal 
programs such as food pantries and soup kitchens. The core 
principles governing the distribution of foods to the agen-
cies are “as much as possible” and “as equitable as possible.” 

Accordingly, the distribution performance of a food 
bank is typically evaluated in total pounds distributed and 
distribution equity among counties (or agencies). We pose 
two fundamental issues regarding these distribution per-
formance metrics that naturally drive the way food distri-
bution operations are preconditioned and executed across 
strategic, tactical and operational levels. 

First, due to the lack of appropriate trade-off between 
the two metrics of total and equity, various distribution 
strategies can be, and have been, applied, occasionally pro-
ducing irrational and/or confusing outcomes. For instance, 
consider three agencies responsible for equal-sized food-
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insecure populations. Taking more into account that the 
equity in food distribution can lead to preferring value 
amounts in pounds of food of [100 100 100] to [100 150 
100], though the latter clearly dominates the former. This 
problem stems from the separate pursuit of these possibly 
conflicting metrics; thus, an integrated approach is required 
to eliminate such irrational preferences. 

Second, as mentioned earlier, the distribution perfor-
mance is based on the quantity (weight) only despite the 
fact that the nutritional quality of the foods distributed by 
food banks can make a critical difference to the health of 
recipients. This further leads to an unreasonable outcome 
from the aforementioned instance. Together with concerns 
about obesity and diet-related chronic diseases such as dia-
betes, food banks are increasingly aware of the need to im-
prove the nutritional quality of charitable foods in the form 
of nutrition profiling to quantitatively score the nutritional 
value; nutrition policies to guide efforts to eliminate un-
healthy products such as soda or candy; or increasing the 
amount of fresh produce to fill the nutritional gaps. 

However, no attention has been paid to date on how to 
distribute foods in a nutrition-rich or nutrition-balanced 
manner. As shown in an observational study with 269 food 
pantries supplied from two large food banks in Minnesota 
in 2013, the nutrition quality (measured in Healthy Eating 
Index, HEI-2010) ranged from 28 to 82 out of 100 (“Ap-
plication of the Healthy Eating Index-2010 to the Hunger 
Relief System,” Marilyn S. Nanney, Katherine Y. Gran-
non, Colin Cureton, Courtney Hoolihan, Mark Janowiec, 
Qi Wang, Cael Warren and Robert P. King 2, 2016). This 
large variability could be because of the lack of systematic 
consideration of nutrition quality in the current metrics of 
distribution performance.

Where data scientists fit in 
If data scientists begin to invest their efforts in areas beyond 
business industries, they will discover how far and wide 
their skills and experience can be helpful. Nonprofit orga-
nizations are mostly run with the help of funds. It is incred-
ibly difficult to gain these funds and success depends on 
factors like location and the cause the nonprofit supports.

One of the most important accomplishments nonprofits 
must achieve is to prove their efforts for a certain cause are 
impactful, resulting in positive change. This attracts more 
people to provide funds and voluntary efforts. If nonprofit 
organizations could get access to the wonders of data sci-
ence, the process of getting funds and proving the impact 
could be optimized. Better optimization will obviously 
produce a more positive result for all involved. Hence, 
many other nonprofits apart from food assistance programs 
are applying data science and machine learning techniques. 

With the understanding that everything that is or can 

be digitized is data, organizations can start to mine data to 
learn about their audiences, their approaches and the con-
text of the world around them. The fact that we still have 
long-standing problems – societal challenges that nonprofit 
organizations are set up to address – means we still have 
more work to do, and big data might well be a lever to 
creating change.

Admittedly, a data science team is not easy to afford. 
Moreover, most of the talent is centered in the business 
sector. It is time we admit that this gap of resource needs to 
be overcome. In the same line of thought, it should be men-
tioned that big data and data science can provide not only 
smarter solutions at the consumer end but actually bring a 
positive change for humanity. Hence, several of these orga-
nizations can benefit from ISEs providing pro bono train-
ing, enablement and teaching.

If you are a data scientist, try locating volunteer projects 
near you. You will find this rewarding, and together we can 
help in providing nourishment and relief today and work 
toward providing food security tomorrow, overcoming 
hunger and malnutrition. 

Additionally, industrial engineers can aid in ensuring a 
realistic food allocation metric for the people in need. By 
designing different metrics that aggregate quantities and 
qualities of distributed foods and developing techniques to 
evaluate and compare the potential metrics in simplistic and 
complex scenarios where a mix of foods needs to be allo-
cated to a set of entities, we can provide a suitable metric to 
optimally allocate the foods. The allocation results will go 
through analysis to identify the strengths and weaknesses of 
each of the metrics. 

Rahul Srinivas Sucharitha is a Ph.D. candidate in the School of 
Industrial Engineering at Purdue University in West Lafayette, 
Indiana. He earned a bachelor’s degree in mechanical engineer-
ing from the College of Engineering, Guindy, Chennai, India, in 
2013 and a master’s degree in industrial engineering from Purdue 
University in 2015. His research interests include modelling com-
plex systems, food bank distribution networks and logistics.

Seokcheon Lee is an associate professor in the School of Industrial 
Engineering at Purdue University in West Lafayette, Indiana. 
Lee earned bachelor’s and master’s degrees in industrial engineer-
ing from Seoul National University, Seoul, Korea, in 1991 and 
1993, respectively, and a Ph.D. in industrial engineering from 
Pennsylvania State University in 2005. His research work has 
been focused on distributed control of large-scale complex networks 
– supply network coordination, dynamic resource allocation and 
emergency logistics – based on the fundamental decision principles 
designed from multidisciplinary perspectives. He has been an IISE 
member since 2009.
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