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Arsenic concentrations in domestic 
well-water throughout large 
regions of Minnesota exceed 

the public drinking-water standard set 
by the U.S. Environmental Protection 
Agency (Figure 1, p. 4). The scale of the 
problem is illustrated by the Minne-
sota Department of Health’s Minnesota 
Arsenic Research Study, which found 
that 50% of the 869 domestic wells 
tested in west-central Minnesota had 
arsenic concentrations greater than 
the 10 micrograms of arsenic per liter 
of water standard. The frequency of 
arsenic contamination in domestic 
wells is a serious and widespread public-
health concern; long-term exposure 

to arsenic is toxic to humans, even 
at extremely low concentrations. In 
response to this challenge, the Minne-
sota well code now requires that each 
new potable water-supply well, esti-
mated at 8,000 to 12,000 wells annu-
ally, be tested for arsenic. These tests 
provide families with important infor-
mation about drinking-water quality. 
However, the information can come 
only after the well has been drilled. 
Although homeowners can purchase 
arsenic-removal systems, they are 
expensive, require maintenance, and 
do not provide alarms for high arsenic 
concentrations or system failure. It 
would be preferable if wells could be 

placed where the risk of arsenic contam-
ination of groundwater is known to be 
low. 

In Minnesota, the groundwater that 
provides drinking water to domestic 
wells commonly comes from glacial 
deposits, which are composed of discon-
tinuous layers of sand and gravel, called 
aquifers, as well as very fine-grained 
sediments such as silt and clay, called 
aquitards. The layering of these sediment 
deposits is called stratigraphy. Ground-
water (and thus well-water) is stored in 
the sand and gravel layers. Fine-grained 
deposits called confining layers form low-
permeability boundaries between aqui-
fers (Figure 2, p. 5). 

Natural Sources of Arsenic in Minnesota 
Groundwater

by Brandy M. Toner, Sarah L. Nicholas, Lindsey J. Briscoe, Alan R. Knaeble, James A. Berg, and Melinda L. Erickson
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Arsenic concentrations in domestic well-water in many regions of Minnesota exceed the public drinking-water standard set by 
the U.S. Environmental Protection Agency.
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Melinda Erickson and Randal 
Barnes from the University of Minne-
sota have demonstrated that the 
proximity of well screens—a filtering 
device that screens out sand and gravel 
from groundwater—to confining layers 
within glacial deposits is a contributing 
factor to elevated arsenic concentra-
tions in excess of 10 micrograms of 
arsenic per liter in Minnesota well-
water.1 However, the exact condi-
tions that lead to unhealthy water in 
an individual well are not known. In 
particular, the unexplained variability 
in arsenic concentrations among 

1  M.L. Erickson and R.J. Barnes, “Arsenic in 
Groundwater: Recent Research and Implications for 
Minnesota,” CURA Reporter 34,2 (2004): 1–7; and 
M.L. Erickson and R.J. Barnes, “Glacial Sediment 
Causing Regional-Scale Elevated Arsenic in 
Drinking Water,” Ground Water 43 (2005): 796–805.

domestic wells with similar dissolved 
chemical composition and geographic 
proximity currently limits our ability 
to anticipate where safe drinking water 
is located in aquifers. Minnesota state 
agencies have for many years studied 
groundwater chemistry, geology, and 
hydrogeology in arsenic-affected areas. 
To date, the databases from these 
studies have not been fully integrated, 
and an understanding of the natural 
and human-influenced processes that 
drive arsenic from geological mate-
rials into domestic drinking water 
remains elusive. This knowledge gap 
limits the efficacy of public poli-
cies directed at wise placement and 
construction of new wells. Progress on 
this issue requires integrated efforts of 
public agencies and multiple scientific 
disciplines. 

This article summarizes our work to 
date with the U.S. Geological Survey, 
the Minnesota Geological Survey, and 
the Minnesota Department of Natural 
Resources, with whom we have built a 
collaborative network of scientists to 
address the natural sources of arsenic in 
Minnesota groundwater. The goal of the 
collaboration is to share resources, inte-
grate existing knowledge and databases, 
and collect novel measurements to 
identify sources of arsenic and the distri-
bution of those sources in Minnesota 
groundwater. The work on which this 
article is based was supported in part 
by a CURA Faculty Interactive Research 
Program grant. Additional funding was 
provided by a research start-up grant 
from the College of Food, Agricultural 
and Natural Resource Sciences at the 
University of Minnesota.

Arsenic from Rocks: Sources and Release 
Mechanisms 
Evidence suggests that one source 
of arsenic in groundwater is rocks 
(solids) within or adjacent to aquifers. 
Researchers are in the process of iden-
tifying the specific types of rocks that 
release arsenic into groundwater in 
Minnesota. One suspect is shale, a rock 
type whose fragments are present in 
glacial deposits in Minnesota and other 
Midwest states. However, no one has 
yet demonstrated a correlation between 
total solid arsenic concentrations 
in rocks and total dissolved arsenic 
concentrations in adjacent ground-
water. This is the crux of the arsenic 
paradox: Arsenic is a rock-derived, natu-
rally occurring groundwater contaminant, 
but rock concentrations have no apparent 
correlation to the water-arsenic concentra-
tion in adjacent groundwater. The paradox 
suggests that perhaps the most impor-
tant factor is not how much arsenic is 
present in rocks, but rather the types 
of rocks and minerals that hold the 
arsenic. 

Arsenic can be found in iron-
bearing minerals such as pyrite (an 
iron sulfide) and ferrihydrite (an iron 
oxyhydroxide). From the perspective of 
arsenic retention and release to ground-
water, these two minerals are arsenic 
reservoirs that have strong poten-
tial to release arsenic to water when 
chemical conditions in the aquifer 
change. For example, pyrite is typically 
a stable arsenic reservoir when oxygen 
in groundwater is low in concentra-
tion. When oxygen is introduced into 
groundwater via a domestic well, pyrite 
can dissolve and release arsenic into 

The U .S . Environmental Protection Agency public drinking water system standard is a maximum contaminant level 
(MCL) of 10 micrograms arsenic per liter of water .

Figure 1. Distribution of Arsenic Concentrations in Domestic Well-Water in 
Minnesota 

Arsenic above MCL

Arsenic below MCL

Traverse-Grant Region
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the groundwater. Conversely, ferrihy-
drite is stable in the presence of oxygen 
and tends to retain arsenic under such 
conditions. However, when oxygen 
concentrations drop, the ferrihydrite 
can dissolve and release arsenic into 
groundwater. 

A Strategy for Understanding Arsenic in 
Minnesota Groundwater
The overall goal of our research effort 
is to help Minnesotans to place their 
wells where the probability of safe 
water is highest. Our research strategy 
has involved gathering and integrating 

existing geographical information 
systems (GIS) databases that have infor-
mation relevant to arsenic in ground-
water, conducting research in regions of 
the state where aquifers are well under-
stood, inviting experts from multiple 
disciplines to work collaboratively, and 
building novel geochemical databases 
from state-of-the-science measurements. 
To unravel the arsenic paradox, we have 
also attempted to bring new research 
perspectives to existing databases by 
working to identify the chemical form 
of the arsenic in aquifer and confining-
layer rocks (called arsenic speciation), to 

determine the depth and geographic 
location of arsenic-bearing aquifer and 
confining-layer rocks (distribution), 
and to describe the conditions leading 
to arsenic release from aquifer and 
confining-layer rocks to groundwater 
(biogeochemical processes).

Synthesis of Existing GIS Databases. 
We have completed the integration of 
existing GIS databases for our research 
(Table 1, p. 7). The specific databases 
we used were strong candidates for 
providing arsenic-relevant information—
for example, well placement and 
construction, surface water bodies and 
water quality (lakes and rivers), ground-
water location (aquifers and confining 
layers), underground geology, land-
surface geology and land use, arsenic 
concentration in groundwater, and other 
chemicals in groundwater. 

Focus on Regions with Elevated 
Arsenic and Documented Aquifers and 
Confining Layers. The Traverse-Grant 
region of west-central Minnesota has 
an abundance of wells with elevated 
levels of arsenic (Figure 1). In addition, 
multiple databases exist with infor-
mation for the Traverse-Grant region 
relevant to our study of arsenic release 
to groundwater. These datasets were 
generated by the Minnesota Department 
of Health, the Minnesota Department 
of Natural Resources–Division of Water, 
and the Minnesota Geological Survey. 
The availability of this much comple-
mentary information for a region in 
Minnesota is uncommon, and was the 
primary motivation for beginning our 
research efforts in the Traverse-Grant 
region. 

In addition to databases, the original 
rotary-sonic drill cores used to generate 
the maps of underground geology in 
the Traverse-Grant region are still avail-
able from the Minnesota Department of 
Natural Resources–Division of Lands and 
Minerals. Rotary-sonic drilling extracts 
intact cylinders of sediment about 10 
centimeters (approximately 4 inches) 
in diameter. An average length of core 
brought up by the drill crew for each 
drill run is about 6 meters (roughly 20 
feet) in length, and drilling operations 
can access depths of 120 meters (400 
feet) below the ground surface. These 
cores were drilled in numerous loca-
tions (Figure 3, p. 8), and are stored in 
four-foot boxes in the archive facility in 
Hibbing, Minnesota. 

In May 2009, we sampled 10 
archived rotary-sonic drill cores from 
the Traverse-Grant region of Minnesota 
from among 250 archived samples that 

Adapted from: J .A . Berg . Depth and Thickness of Buried Aquifer. Regional Hydrogeological Assessment, RHA-6, Part 
B, Plate 4 (of 6) . St . Paul: Department of Natural Resources–Division of Waters, 2008 . 

Figure 2. Simplified Cross-Section of Stratigraphy and Distribution of Aquifers and 
Fine-Grained Glacial Deposits 
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were available. In particular, we sampled 
the interfaces between layers of sedi-
ments deposited by glaciers (glacial 
tills) that have low-water permeability 
(confining layers) and sand and gravel 
deposits with higher water perme-
ability (aquifers) (Figure 2). We chose 
these samples because Erickson and 
Barnes previously observed a correlation 
between elevated arsenic concentrations 

in well-water and the proximity of the 
well screen to glacial-till, or confining-
layer, deposits. 

Measuring Arsenic Speciation 
and Distribution in Glacial Deposits 
in Minnesota. Our analysis of the 
archived Traverse-Grant core samples 
is ongoing. We are subjecting the 
glacial tills (confining layer) and sand 
and gravel (aquifer) deposits from the 

Traverse-Grant region to a laboratory 
procedure called sequential extraction. 
Sequential extractions allow us to iden-
tify different forms of arsenic, and are 
especially useful in identifying arsenic 
that is easily released from aquifer or 
confining-layer rocks. The results of the 
sequential extractions will be added 
to our now completed GIS database 
for future analysis. The sequential-
extraction data will also be interpreted 
in the context of biogeochemical condi-
tions in the subsurface aquifer. Our 
hypothesis is that the most important 
information is not how much arsenic is 
present in aquifer solids, but the specific 
forms of arsenic that are present. Our 
sequential extractions are the first step 
in identifying the chemical form(s) 
of arsenic in the geological materials 
holding groundwater in west-central 
Minnesota. 

The best method for measuring 
arsenic speciation in aquifer and 
confining-layer solids is X-ray absorp-
tion spectroscopy. This technique 
measures the exact form of arsenic 
without any chemical preprocessing of 
the sample and avoids the assumptions 
required for the sequential extractions. 
We have used two of the Department 
of Energy’s synchrotron facilities to 
conduct these analyses: the Advanced 
Light Source in Berkeley, California 
and the Advanced Photon Source in 
Argonne, Illinois. 

Our data tell us that arsenic specia-
tion in glacial tills (confining layers) can 
be complex. We have observed three 
different forms of arsenic in approxi-
mately equal proportions (Figure 4, 
left, p. 9): arsenic 1−, 3+, and 5+. The 
Arabic numerals refer to the charge of 
the arsenic atoms, and this information 
helps us to understand how arsenic-
bearing rocks and minerals will respond 
to changing conditions in the aquifer. 
For example, an aquifer that has arsenic 
with lower valence states is more likely 
to release arsenic if dissolved oxygen 
increases. 

However, valence state does not tell 
us everything we need to know about 
arsenic speciation. Our X-ray absorp-
tion spectroscopy measurements also 
help us to identify the form of arsenic 
present. The arsenic species we observed 
can be divided into three basic catego-
ries (Figure 4, right, p. 9): arsenate and 
arsenite salts, arsenic stuck (adsorbed) 
to minerals or dissolved, and arsenic in 
sulfur-bearing minerals. We can inter-
pret each of the categories in terms of 
potential arsenic release to groundwater. 

Photos courtesy of Brandy M
 . Toner

Example of a glacial-till core sample from the Upper Minnesota River Basin at 
a depth of 91 feet (top) and a sand and gravel aquifer deposit from the Upper 
Minnesota River Basin at a depth of 154 feet.
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For example, the arsenate and arsenite 
salts may indicate the amount of arsenic 
in groundwater at the time of drilling. 
This arsenic-speciation category is easily 
released to groundwater. The adsorbed 
portion of the total arsenic may be 
stable arsenic, meaning that the arsenic 
will remain associated with the mineral 
unless the chemistry of the groundwater 
changes. Changes in an aquifer that 
could lead to arsenic release to ground-
water include phosphorus contamina-
tion of the groundwater (which can 
replace adsorbed arsenate and arsenite 
at mineral surfaces and release arsenic 
into groundwater), and low-oxygen 
conditions—brought on, for example, 
by biological activity (which can result 
in the dissolution of iron oxyhydroxide 
minerals, such as ferrihydrite, releasing 
adsorbed arsenic into groundwater). For 
the glacial-till sample for which data are 
presented in Figure 4, more than half of 
the total arsenic was present in sulfur-
bearing minerals. This portion of the 
arsenic should remain in the solid phase 
under low-oxygen conditions. When 
these rocks and minerals are exposed to 

Database Source Description Relevancy to Arsenic

Minnesota Arsenic 
Research Study 

Minnesota Department 
of Health

Focused arsenic water study of 
west-central Minnesota domestic 
wells

Focused geochemical database of 
domestic wells that can then be 
correlated with sediment cores

County Well Index Minnesota Geological 
Survey (MGS) and 
Minnesota Department 
of Health

Extensive well data containing 
location, depth, and static water 
level for wells drilled in Minnesota, 
as well as stratigraphy

Locations of all domestic wells in state 
that include “cuttings” record with 
general water and sediment data 

Rotosonic Department of Natural 
Resources (DNR)

Drilled, stratigraphically intact 
cores cataloged and stored in 
Hibbing

The intact, statigraphic layers allow 
us to interpolate out and model the 
subsurface layer and hydrology 

Groundwater 
Monitoring Assessment 
Program

Minnesota Pollution 
Control Agency

A sampling of nearly 1,000 private 
Minnesota wells throughout the 
state for geochemistry

Geochemical database of domestic 
wells that can then be correlated with 
sediment cores

Digital Elevation Model Minnesota Land 
Management 
Information Center 

Digital elevation model for the 
entire state of Minnesota

Allows us to digitally align data layers 
with elevation to get topography and 
visual information for modeling and 
figure purposes

Geomorphology University of Minnesota 
at Duluth-MGS-DNR

Surface map of the various 
geomorphology types and 
boundaries in Minnesota

Provides surface layer that can 
inform us of what material and how 
groundwater recharge is coming 
through and how that might affect the 
arsenic cycle

Traverse-Grant 
Hydrogeology

MGS-DNR Highly detailed surface and 
subsurface hydrogeology of the 
Traverse-Grant region of west-
central Minnesota

Critical, extensive database that has 
already interpolated and analyzed 
water-sediment interactions and 
integrated several databases

Table 1. Summary of GIS Database Integration for Arsenic Geochemistry
Photo courtesy of Brandy M

 . Toner

Research-team members Alan Knaeble, Sarah Nicholas, and Gary Meyer examine 
new drill-core materials obtained from a rotary-sonic drill core operation.
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oxygenated groundwater, however, we 
can expect that arsenic will be released 
into the groundwater from the sulfur-
bearing minerals. 

Using Arsenic Speciation to Improve 
Drinking-Water Quality
For the glacial-till (or confining-layer) 
sample discussed in the previous section 
(which has 4.25 milligrams of arsenic 
per kilogram of solid sediment), we 
estimate that if all of the arsenic in a 
one-liter volume of aquifer material is 
released, then a concentration of 22 
milligrams of arsenic per liter of water 
would result. This value is approxi-
mately 2,000 times the maximum 
contaminant level of 10 micrograms of 
arsenic per liter of water permitted by 
law. Thankfully, in the existing ground-
water surveys, arsenic concentrations 
this high have not been encountered. 

However, the calculation provides some 
perspective on why large regions of 
Minnesota have elevated groundwater 
arsenic: Only a little arsenic must be 
released from the solid phase to cause 
health concerns. The possibility of 
households with groundwater wells 
having very high levels of arsenic is a 
genuine risk given what we know about 
the heterogeneity of arsenic speciation 
in groundwater. 

Although the well code now requires 
all new wells to be tested for arsenic, the 
next step must be to better understand 
which aquifers present elevated risk for 
arsenic contamination. Can the below-
ground geologic information currently 
available help us identify aquifers that 
have higher risk for elevated arsenic 
in groundwater? Or, to put it another 
way, do glacial deposits have a uniform 
or predictable arsenic speciation? The 

research effort required to satisfacto-
rily answer this question is beyond the 
scope of one research group or a single 
state or federal agency. To gather exper-
tise and resources together to address 
this question, we have formed a new 
group, the Minnesota Arsenic Geochem-
istry Consortium. 

Leveraging Resources: The Minnesota 
Arsenic Geochemistry Consortium 
The consortium is a multidisciplinary 
group composed of scientists and profes-
sionals from five institutions and agen-
cies: the University of Minnesota, the 
U.S. Geological Survey, the Minnesota 
Department of Natural Resources–Divi-
sion of Waters, the Minnesota Depart-
ment of Health, and the Minnesota 
Geological Survey. The strength of 
this group comes from the diversity of 
disciplinary perspectives represented 
by individual members, as well as the 
complementary missions of the agencies 
and institutions they serve. 

The primary goal of the consortium 
is locating and preserving safe drinking 
water for communities in Minnesota. 
Achieving this goal requires good 
communication among members to 
leverage expertise and resources through 
joint field research, laboratory analyses, 
database building and integration, and 
policy-relevant data interpretation. To 
facilitate a discussion of the current 
state of knowledge around issues related 
to arsenic in Minnesota groundwater, 
we hosted a day-long symposium at 
the University of Minnesota in 2009. 
A consensus emerged among partici-
pants that new scientific approaches are 
needed to address the sources of arsenic 
in groundwater, and that one key area 
for collaboration is a shift in focus from 
total arsenic concentrations to solid-
phase arsenic speciation and the origin 
of glacial deposits. In addition, partici-
pants agreed that coordinated research 
efforts could yield substantial progress 
in understanding arsenic contamina-
tion of groundwater; that collaboration 
adds value to mission-oriented agency 
activities; and that opportunities exist 
to share funds, expertise, personnel, and 
equipment. 

After the symposium, consortium 
members identified joint projects 
where field, laboratory, and computa-
tional research could be coordinated 
to share information and maximize 
efficiency, and some collaborative work 
has begun. For example, fresh aquifer 
and confining-layer sediment samples 
are important for the next phase of 

Note: Red dots denote archived cores obtained from the Minnesota Department of Natural Resources–Division of 
Lands and Minerals that were sampled in 2009 . Blue dots represent new cores obtained in 2010 in collaboration 
with the Minnesota Geological Survey via the Minnesota Arsenic Geochemistry Consortium .

Figure 3. Location of Sampled Rotary-Sonic Drill Cores in Minnesota

 

 

 

Archived core samples

New core samples (2010)

Traverse-Grant Region
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arsenic-speciation research, but the 
rotary-sonic drilling operations needed 
to obtain the samples are resource 
intensive. In response to this chal-
lenge, the Minnesota Geological Survey 
invited members of our research team to 
participate in two rotary-sonic drill core 
operations during 2010. These opera-
tions resulted in 426 arsenic samples 
from 10 new rotary-sonic drill cores 
from south-central Minnesota (Sibley, 
Nicollet, and Blue Earth Counties) 
(Figure 3). These samples were collected 
in the field during drilling operations, 
then preserved in argon gas and frozen. 
To the best of our knowledge, this is 
the most robust preservation to date 
for arsenic-speciation samples. The U.S. 
Geological Survey also collected 120 
sediment samples from these rotary-
sonic drill cores to augment our current 
research. The collaborative efforts of 
the Minnesota Arsenic Geochemistry 
Consortium will continue to yield valu-
able results as the Minnesota Geological 
Survey and U.S. Geological Survey 
complete their below-ground geolog-
ical and geochemical analyses. These 
research outcomes will ensure that the 
arsenic-speciation data generated by 
the University of Minnesota will have 
maximum utility for understanding 
where arsenic will be a problem in 
groundwater. In addition, these new 

studies will allow us to apply the 
methods developed with the archived 
cores for the Traverse-Grant region to 
new areas of the state. 

Looking ahead, we recognize that 
the path toward safer drinking water 
will not be easy. The work will continue 
to require a high level of coordination 
in research activities, integration and 
interpretation of complex databases, 
and innovation in data analysis by 
experienced professionals from multiple 
disciplines. Currently, we are working 
hard to understand the relevant (and 
feasible) spatial scale(s) for subsurface 
arsenic-speciation mapping in Minne-
sota, with the goal of building a useful 
subsurface map for guiding domestic 
well-drilling.

Brandy M. Toner is an assistant professor 
at the University of Minnesota in the 
Department of Soil, Water, and Climate, 
and a graduate faculty member in the 
earth sciences, water resources science, 
land and atmospheric sciences, and 
environmental engineering graduate 
programs. She is a low-temperature 
geochemist and spectroscopist, and 
her research focuses on how metals 
move through natural systems. Sarah 
L. Nicholas is a Ph.D. student in the 
land and atmospheric sciences graduate 
program in the Department of Soil, Water, 

and Climate at the University of Minne-
sota. Her dissertation research exam-
ines the solid-phase sources of arsenic 
in Minnesota groundwater. Lindsey J. 
Briscoe is a researcher in the field of envi-
ronmental geochemistry at the University 
of Minnesota in the Department of Soil, 
Water, and Climate. In the fall of 2011, 
she began a Ph.D. program in earth 
sciences at the University of Minnesota. 
Alan R. Knaeble is a senior scientist at 
the University of Minnesota in the Depart-
ment of Geology and Geophysics. He has 
worked for 20 years as a glacial geologist, 
mapping glacial deposits throughout 
Minnesota. His work has focused primarily 
on mapping surface and subsurface 
deposits to understand the glacial history 
and stratigraphy across central Minnesota. 
He also supervises the sediment and core 
laboratories at the Minnesota Geological 
Survey. James A. Berg is a hydrogeolo-
gist with the Minnesota Department of 
Natural Resources. He works in the county 
atlas program which, along with the 
Minnesota Geological Survey, produces 
county-scale maps showing the distribu-
tion of aquifers, groundwater-flow direc-
tions, distribution of natural geochemical 
characteristics, and aquifer pollution 
sensitivity. He has produced atlases and 
regional assessments of the elevated 
arsenic regions of western Minnesota. 
Melinda L. Erickson is the groundwater 

Note: As = arsenic, S = sulfur

Figure 4. Arsenic Valence States and Major Arsenic Species for a Minnesota Glacial Till (73-foot depth)
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specialist in the Minnesota Water Science 
Center of the U.S. Geological Survey, and 
a faculty member at the University of 
Minnesota. Her primary research interests 
are the geochemistry, fate, and trans-
port of organic chemicals and metals in 
groundwater. She has been involved in 
research related to better understanding 
naturally occurring elevated arsenic in 

upper Midwest groundwater since 1998.
The research on which this article 

is based was supported in part by a 
grant from CURA’s Faculty Interactive 
Research Program. The program was cre-
ated to encourage University faculty to 
conduct research with community orga-
nizations and collaborators on issues of 
public policy importance for the state 

and community. These grants are avail-
able to regular faculty at the University 
of Minnesota and are awarded annu-
ally on a competitive basis. Additional 
funding was provided by the College of 
Food, Agricultural and Natural Resource 
Sciences at the University of Minnesota, 
which provided research start-up funds to 
Brandy Toner.

The Center for Urban and Regional 
Affairs invites proposals for our 
Faculty Interactive Research 

Program. The purpose of the program 
is to encourage University faculty 
members to carry out research projects 
that involve a significant urban-related 
public policy issue for the state or its 
communities, and that include active 
engagement with groups, agencies, or 
organizations in Minnesota involved 
with the issue. Each award will provide 
support for one month of the faculty 
member’s time in the summer of 2012 
and a half-time graduate research 
assistant for the 2012–2013 academic 
year. Where appropriate, we can 
provide limited support for miscel-
laneous research expenses. Supple-
mental funding for a half-time graduate 
research assistant in the summer of 
2013 is available to successful proposals 
that contribute to the planning and 
development of the University’s vision 
to create a new, sustainable community 
on the 5,000-acre UMore Park property 
in Dakota County. For those interested 
in learning more about eligible research 
opportunities with UMore Park, an 

informational forum and networking 
opportunity will be held on January 26, 
2012 from 1 to 3 pm. Contact Brianna 
Chatters at chatt033@umn.edu for 
details.

Faculty members who are selected 
will be expected as part of their project 
to: interact or engage with appropriate 
community organizations or agencies, 
prepare a report for the organization or 
agency where appropriate, and prepare 
a 3,500-word manuscript for publication 
in the CURA Reporter.

Research projects should focus 
on issues and concerns important 
to Minnesota, such as communi-
ties of color, the criminal-justice 
system, demography, state or local 
economic development, education, 
employment, energy, the environ-
ment, health, housing, state and local 
government, welfare and poverty, 
human and social services, transporta-
tion, or land use and development. 
A list of recently funded projects can 
be found on the CURA website at 
www.cura.umn.edu/FIRP/projects.

Applications are invited from all 
University faculty members who, in 

conformity with the tenure regula-
tions, are classified as “regular” (tenure 
code = P,N,C) members of the faculty. 
The program is designed particularly 
for faculty who hold 9-month appoint-
ments (appointment term not equal 
to “A”), although we have frequently 
supported projects of regular faculty 
on 12-month appointments. In special 
cases, we can support joint projects.

During the period of support for the 
faculty member, the recipient of the 
project award is expected to be devoted 
to the project full-time; accordingly, 
those receiving awards may not accept 
other employment. This provision does 
not preclude acceptance of additional 
supplementary support for the same 
project, except for that portion allocated 
to the faculty member’s salary.

More information, including appli-
cation instructions and forms, can be 
found at www.cura.umn.edu/FIRP 
/announcement. Applications must be 
received in the CURA office by 4:30 pm, 
Friday, March 30, 2012. Grant recipi-
ents will be notified in April. Please 
contact Ed Goetz at 612-624-8737 or 
egoetz@umn.edu if you have questions.

2012–2013 Faculty Interactive Research Program 
Competition
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A great deal of planning is required 
to provide safe and reliable bus 
service on a daily basis. The Metro-

politan Council is the regional body 
responsible for planning the provision of 
public transportation in the Twin Cities 
metropolitan region, and for providing 
oversight of the transit agencies that 
provide this service. Metro Transit, an 
agency of the Met Council, is the domi-
nant public-transit provider in the Twin 
Cities metro area, providing approxi-
mately 95% of all transit service. In addi-
tion to operating an integrated network 
of buses, light rail, and commuter rail, 
Metro Transit also provides assistance 
and support for those who carpool, 
vanpool, walk, or bike throughout the 
Twin Cities.

Budgetary pressures on public 
financing of transit operations have 

increased in recent years, leading to 
greater scrutiny of operational effi-
ciency. Because labor costs are the 
single largest line item in transit agen-
cies’ budgets, there is strong interest in 
improving transit-workforce efficiency. 
However, optimizing efficiency is diffi-
cult because the demand for bus service 
varies by time of day, day of the week, 
and time of year, and can be affected by 
unanticipated events. A common prac-
tice for coping with this supply-and-
demand variability is to have a certain 
fraction of the transit workforce serve as 
extraboard drivers—that is, drivers who 
are not assigned beforehand to regular 
routes or schedules. Some of these 
extraboard drivers cover for regular 
drivers who are on vacation that week 
or who are out due to an unplanned 
absence;	others are dynamically 

assigned to open work that becomes 
available during the workday. Although 
extraboard drivers are essential for 
delivering reliable bus service, this 
flexibility comes at a price. Extraboard 
drivers are guaranteed full pay for their 
shift, even though a significant portion 
of their time may be spent “standing 
by” while they await an assignment. 
In addition to scheduling extraboard-
driver assignments, transit authorities 
also match supply and demand by 
making use of overtime when needed. 
Thus, a key challenge for Metro Transit 
management is to find the right balance 
between the size of the extraboard-
driver workforce and reliance on 
assigning drivers to work overtime, 
while maintaining their ability to 
provide all of the needed transit trips 
for a given day.

Extraboard-Driver Workforce Planning for Bus 
Transit Operations 

by Diwakar Gupta, Fei Li, and Nigel Wilson
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Extraboard drivers are guaranteed full pay for their shift, even though a significant portion of their time may be spent standing 
by awaiting an assignment. Because labor costs are the single largest line item in transit agencies’ budgets, there is strong 
interest in improving transit-workforce efficiency.
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Our research, which was performed 
in collaboration with Metro Transit, 
had three broad objectives: to develop 
performance metrics that help monitor 
bus transit workforce efficiency and 
support better transit workforce 
planning; to analyze the tradeoffs 
between cost and reliability in the 
choice of extraboard-driver workforce-
management practices; and to develop 
mathematical models that could help 
improve operational efficiency in 
assigning and scheduling extraboard 
drivers. The research upon which this 
article was based was supported in part 
by a grant from CURA’s Faculty Interac-
tive Research Program, with additional 
funding from the Center for Trans-
portation Studies at the University of 
Minnesota.

The Complexity of Bus Transit 
Workforce-Management Decisions
Public transportation services are 
defined by bus routes and schedules, 
which in turn drive the workforce-
planning process. Bus schedules exhibit 
systematic variation by time of day, day 
of the week, and time of year. Demand 
is also affected by events (e.g., a Vikings 
or Twins game, the Minnesota State 
Fair), bus accidents and breakdowns, 
road construction, and planned and 
unplanned driver absences. Labor 
contracts typically govern decisions 
concerning the mix of full-time and 
part-time drivers, the assignment of 
drivers to shifts, and the assignment of 
pieces of work to drivers, which further 
complicates the planning task.

In the Twin Cities, Metro Transit sets 
bus timetables quarterly, and commer-
cially available scheduling software 
converts the timetables into a set of 
driver assignments. Before the quarter 
begins, regular drivers select their work 
schedules from these lists of assign-
ments, so a majority of drivers know 
their work schedules in advance, and 
their schedules are generally consis-
tent on a weekly basis throughout the 
quarter. Transit agencies also allocate 
a fraction of the workforce to serve as 
extraboard drivers to deal with vari-
ability in daily demand for and supply 
of bus drivers. Typically, extraboard 
drivers are full-time employees who are 
assigned to open work on a daily basis. 
Thus, extraboard drivers’ shift start 
times and work assignments are not 
fixed in advance and may vary from day 
to day and week to week. 

Open work can arise for many 
reasons. For example, some pieces of 

work remain open after regular drivers 
choose their work schedules each 
quarter. Consider a bus route that is 
continuously serviced for 10 hours a 
day. Scheduling software may divide 
this into two pieces of work, one eight 
hours in length and the other two hours 
in length. If a driver chooses the eight-
hour piece as part of his/her recurring 
work schedule, the two-hour piece may 
remain open once all regular drivers 
have chosen their work schedules. The 
two-hour piece is then added to the pool 
of unassigned work that will be filled 
by extraboard drivers. Similarly, pieces 
of work may become available when 
drivers who picked those assignments 
in advance take vacations or other 
planned leaves. Finally, some pieces of 
work become open in a dynamic and 
random fashion due to bus breakdowns, 
unplanned driver absences, special 
events, and unanticipated traffic delays.

Extraboard-driver workforce plan-
ning involves three sets of hierar-
chical decisions.1 At the strategic level, 
transit agencies decide the number of 
extraboard drivers, vacation allocation, 
and hiring programs necessary to meet 
future needs. Typically, transit managers 
think of and describe their decisions 
about the size of the extraboard-driver 
workforce in terms of a percentage of 
the total driver workforce. For example, 
Metro Transit’s current target is to have 
the extraboard-driver workforce be 
approximately 31–32% of their full-time 
drivers’ duties. 

At the tactical level, transit agencies 
decide the target number of extraboard 
drivers to have on duty each day in each 
planning period. As explained above, 
these plans are developed on a quarterly 
basis and regular drivers choose their 
work schedules from lists of available 
assignments. These lists include assign-
ments to serve as extraboard drivers. 
Metro Transit further divides extraboard 
drivers into am and pm drivers, which 
constrains shift start and end times 
within each group. 

Finally, at the operational level, transit 
agencies assign work daily to extraboard 
drivers. Some of these assignments 
are made in advance of the workday. 
Based on known numbers of am and pm 
drivers and those pieces of open work 
that are known in advance, a dispatcher 
has to decide which extraboard drivers 
should be preassigned to which pieces of 

1  H.N. Koutsopoulos and N.H.M. Wilson, “Operator 
Workforce Planning in the Transit Industry,” 
Transportation Research 21A (1987): 127–138.

open work for the next day, how many 
extraboard drivers should be put on 
call (standby) for the am and pm periods 
to cover unanticipated open work that 
becomes available that day, and what 
the shift start times should be for both 
the preassigned and standby extraboard 
drivers. Not all open work can be antici-
pated the previous day and covered by 
advance assignments, so as open work 
becomes available during the workday, 
the dispatcher makes dynamic assign-
ments to available standby extraboard 
drivers, or to preassigned extraboard 
drivers who have open windows of time 
in their work schedules. Remaining 
pieces of work that cannot be assigned 
to any of the available extraboard 
drivers because of conflicts with other 
assignments or Metro Transit work rules 
(see sidebar) are made available as over-
time work. Drivers bid on overtime work 

Assignment of work to drivers is 
constrained by a number of work 
rules. Each piece of work pertains 
to a particular bus route and 
corresponds to a specific time 
period during which a driver 
must operate a bus on that route. 
A piece of work is not divis-
ible—that is, it cannot be split 
between multiple drivers. Drivers 
are assigned work within a 
continuous time window, called 
a spread. Within the spread, 
drivers cannot be asked to work 
more than their regular shift 
hours unless they voluntarily 
agree to do extra work. Drivers 
are paid overtime for extra work. 
Metro Transit drivers may have 
a spread of up to 12 hours, and 
a typical driver’s shift includes 8 
hours of work. In other words, 
an extraboard driver may be 
assigned up to 8 hours of work 
within a spread of up to 12 hours 
from his or her shift start time. A 
driver need not be continuously 
busy within the 12-hour spread. 
That is, he or she may be idled 
without pay so long as work and 
spread time constraints are not 
violated.

Metro Transit 
Work Rules
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and dispatchers make assignments typi-
cally based on seniority.

When making assignments for the 
next day, the dispatcher’s challenge is 
to select shift start times and allocate 
pieces of work to drivers in a manner 
that minimizes the amount of overtime 
used to cover these pieces, based on 
the number of preassigned extraboard 
drivers and the number of known pieces 
of work. Assignments must satisfy 
spread and work time constraints. In 
principle, this problem is easy to formu-
late as a mathematical model, but it is 
difficult to solve because of the large 
number of possible assignment combi-
nations. Filling open work that becomes 
dynamically available during a given 
workday is much harder because pieces 
of work come up at different times, 
and at the time dispatch decisions are 
made, the amount and timing of future 
work that may become available are 
unknown. Under such conditions, the 
temptation is to make myopic assign-
ments—that is, assignments that do not 
consider future work becoming avail-
able and that minimize overtime use 
based only on the current assignment 
that needs to be filled. However, myopic 
assignments can be costly in terms of 
overtime accrued (see sidebar). 

Analysis and Findings
In this section, we describe our analysis 
and findings related to our three research 
objectives: developing performance 
metrics to monitor bus transit workforce 
efficiency and support better transit 
workforce planning; analyzing the trade-
offs between cost and reliability in the 
choice of extraboard-driver workforce-
management practices; and developing 
mathematical models to improve 
operational efficiency in assigning and 
scheduling extraboard drivers. For our 
analysis, we obtained selected datasets 
from Metro Transit for 2008 to 2010 
related to extraboard drivers assigned 
to each of its five garages: Nicollet, 
Heywood, Martin J. Ruter (MJR), South 
Metro, and East Metro. Among other 
things, these data included for each 
driver the shift date, the shift start and 
end times, the paid work time (both 
regular-pay and overtime), and the 
amount of productive work done within 
the paid work time. For our analysis, we 
selected months and garages to obtain 
diverse samples from different garages at 
different times of the year.

Performance Metrics. Ideally, the 
extraboard-driver workforce should be 
able to cover all open work—that is, 

work that is either not selected by regu-
larly scheduled drivers or that becomes 
open dynamically during the workday. 
However, that goal is often impos-
sible to achieve because of assignment 
conflicts and work-rule restrictions. 
Based on our understanding of the 
nature of the problem faced by Metro 
Transit, we proposed four performance 
measures to evaluate extraboard-driver 
workforce-planning efficiency:

 . Ratio of available regular (that is, 
nonovertime) extraboard-driver work 
time to the amount of open work. This 
measure attempts to capture the 
degree of match between extraboard-
driver availability and demand, 
and can be calculated just for 
standby extraboard drivers or for all 
extraboard drivers. 

 . Mean cost per hour of open work, 
including regular paid time, over-
time, and appropriate fringe bene-
fits. This measure monetizes the 
availability-demand match.

 . Overtime as a fraction of total open 
work. This measure, expressed as an 
average by day of the week, provides 
greater insight into overtime usage 
patterns for each weekday. 

 . Extraboard-driver utilization, defined 
as the ratio of open work actu-
ally covered by regular-time 
(non overtime) extraboard drivers to 
the amount of available regular-time 
(non overtime) extraboard-driver 
work. This measure can be calculated 
just for standby drivers or for all 
extraboard drivers. 

In addition to these performance 
measures, we also developed demand, 
availability, and overtime profiles to 
gain insight into the difficulty of plan-
ning problems faced by different garages 
or different transit agencies. To develop 
such a profile, we chose a particular 
day of the week, divided bus operation 
time into 15-minute time increments, 
and counted the number of pieces of 
work that needed to be covered during 
each time increment. We also counted 
the number of extraboard drivers avail-
able (whether idle or working) who 
were paid regular-time wages during 
that time period. For example, if a 
profile concerns Wednesdays during 
the March–June quarter in 2009, then 
all counts of the number of work pieces 
and drivers on all Wednesdays during 

that time period were added to obtain 
the demand and availability profile. 
Similarly, we obtained the count of 
drivers being paid overtime to obtain 
an overtime profile. These profiles 
would reveal if demand patterns have 
sharper peaks in some garages, which 
would make it more difficult to realize 
higher utilization of standby drivers. 
The relationship between demand peaks 
and overtime usage can be explained as 
follows: more drivers need to be on duty 
simultaneously at peak times to cover 
the higher demand. This need limits the 
ability to schedule shift start times in a 
manner that provides consistently high 
coverage throughout the day, because 

During a typical transit workday, 
a situation might arise where 
two standby extraboard drivers 
are available. Driver 1 is avail-
able from 10 am to noon and 
from 2 pm to 4:30 pm; Driver 2 
is available from 10:30 am to 
3 pm. If a piece of work arrives 
just before 10:30 am with a start 
time of 10:30 am and end time 
of 12:30 pm, a myopic approach 
would assign the work to Driver 
2 because, by doing so, no over-
time is used. However, a second 
piece of work might arise just 
before 11 am, with a start time 
of 11 am and an end time of 
2:30 pm. If the myopic approach 
is used for the first assignment, 
then the second piece of work 
cannot be assigned to the avail-
able drivers, resulting in 3.5 
hours of overtime for another 
driver. In contrast, if the first 
piece of work had been covered 
by another driver using overtime, 
then it would have been possible 
to assign the second piece to 
Driver 2, resulting in only 2 
hours of overtime. 

Assigning Work 
that Becomes 
Available During a 
Transit Workday: 
Overtime 
Consequences
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drivers who cover piece of work during 
the am peak often cannot also cover 
work during the pm peak due to work- 
and spread-time constraints.  

Average performance statistics for 
standby extraboard drivers by weekday 
for the Nicollet and Heywood garages 
from March to June 2009 revealed some 
interesting differences in workforce-
management practices between these 
two garages (Table 1). Nicollet had a 
ratio of available regular work time to 
open work that equaled or exceeded 
1, whereas Heywood had a ratio that 
was consistently less than 1. These data 
mean that Nicollet scheduled more 
extraboard drivers to be on standby, 
relative to the total amount of work that 
became open during a given workday. 
In contrast, Heywood scheduled fewer 
regular-time standby driver hours, 
resulting in a higher ratio of overtime 
to total open work for the Heywood 
garage. Interestingly, the standby 
extraboard driver–utilization rate was 
not greater for Heywood, as one might 
anticipate. This result suggests that 
either the work pattern for Heywood is 
such that many pieces of work overlap, 
making it logistically impossible to use 
standby extraboard drivers to fill open 
work, or that standby drivers are not 
assigned all feasible work assignments 
as they become available in order to 
reserve capacity for times of the day 
when the dispatcher may experience 
difficulty finding drivers willing to take 
overtime assignments. Notwithstanding 
these differences, the cost per hour 
of open work performed on a given 
workday was not statistically different 
between the garages.2 

These examples reveal important 
policy implications for transit agencies. 
Many transit agencies only calculate 
the extraboard drivers’ utilization to 
ascertain the efficiency of their opera-
tions. The examples above demonstrate 
that this analysis is insufficient to 
evaluate efficiency. Based only on a 
utilization metric, the Heywood garage 
would appear less efficient because it 
had lower standby extraboard-driver 
utilization. However, it also scheduled 
fewer extraboard drivers and used more 
overtime. The latter is typically more 
efficient because drivers are paid only 
for productive time. Because Heywood’s 
strategy results in statistically similar 

2  We performed a paired-unit cost-difference t-test 
for all days in the March–June 2009 quarter and 
found a p-value of 0.32, which suggests that the 
unit differences in daily costs are not statistically 
different.

Mon
(11)

Tue
(12)

Wed
(12)

Thu
(12)

Fri
(12)

Ratio of available regular work time to the amount of open work

Nicollet Garage 1 .3 1 .2 1 .2 1 .0 1 .0

Heywood Garage 0 .75 0 .84 0 .81 0 .98 0 .96

Mean cost per hour of open work

Nicollet Garage $62 .20 $57 .50 $61 .60 $57 .20 $57 .50

Heywood Garage $60 .40 $59 .90 $62 .10 $56 .40 $53 .00

Overtime as a fraction of total open work

Nicollet Garage 0 .24 0 .32 0 .31 0 .39 0 .41

Heywood Garage 0 .54 0 .54 0 .54 0 .56 0 .61

Standby extraboard driver–utilization rate

Nicollet Garage 59 .2% 60 .0% 58 .9% 61 .8% 59 .9%

Heywood Garage 51 .3% 52 .6% 51 .3% 53 .6% 51 .7%

Table 1. Performance Metrics for Standby Extraboard Drivers, Nicollet and 
Heywood Garages, March–June 2009 

Note: The figures in parentheses in the header row indicate the number of days of each weekday type in our 
analysis . Holidays and weekend data are excluded in the interest of brevity . 

We used mean regular-time and overtime hourly costs (including appropriate fringe benefits) provided by Metro 
Transit, which were $39 .75 and $41 .89, respectively . 

Weekdays Weekends Overall

Ratio of available regular work time to the amount of open work

Nicollet Garage 0 .83 0 .83 0 .83

Heywood Garage 0 .88 0 .74 0 .86

Mean cost per hour of open work

Nicollet Garage $46 .40 $47 .60 $46 .80

Heywood Garage $47 .80 $48 .40 $48 .20

Overtime as a fraction of total open work

Nicollet Garage 0 .32 0 .35 0 .33

Heywood Garage 0 .34 0 .46 0 .37

Standby extraboard driver–utilization rate

Nicollet Garage 59 .4% 46 .5% 55 .9%

Heywood Garage 55 .0% 42 .2% 51 .6%

Overall extraboard driver–utilization rate

Nicollet Garage 81 .8% 78 .3% 80 .7%

Heywood Garage 78 .8% 73 .8% 77 .3%

Table 2. Performance Metrics for Standby and Preassigned Extraboard Drivers, 
Nicollet Garage (December 2009) and Heywood Garage (June 2010)
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costs per hour of work performed, it is 
in fact operationally just as efficient as 
Nicollet.  

The differences in planning strate-
gies can perhaps be better understood 
by examining the availability, demand, 
and overtime profiles for a particular 
weekday. When we disaggregated statis-
tics for all Wednesdays in March–June 
of 2009 for the Nicollet and Heywood 
garages, we found that Heywood had 
much higher and narrower am and pm 
demand peaks (Figures 1 and 2). The 
daily maximum number of work pieces 
to be covered during this three-month 
period is 15 for Nicollet and 28 for 
Heywood (data not shown), suggesting 
that the differences in planning strate-
gies used by the two garages to cover 
open work may be consistent with struc-
tural differences in same-day demand 
between the two garages. 

Next we considered statistics for 
all extraboard drivers (preassigned and 
standby) combined. Table 2 shows 
two sample comparisons for Nicollet 
and Heywood garages for December 
2009 and June 2010, respectively. The 
overall ratio of available regular work 
time to open work is similar for the 
two garages, although the overall and 
standby extraboard driver–utilization 
rate is greater at Nicollet. Conventional 
wisdom would suggest that this should 
make Nicollet cheaper because the 
hourly overtime wage rate is higher. 
Surprisingly, Heywood’s extraboard-
driver operation was not statistically 
significantly more expensive in terms 
of costs per hour of open work, which 
results from the fact that all overtime is 
productive work, whereas drivers usually 
are not productive 100% of the time 
for which they receive regular pay. We 
investigated this issue in greater detail as 
described in the next section.

Cost-Reliability Tradeoffs. We next 
examined the cost-reliability tradeoffs 
as a function of the number of standby 
extraboard drivers. If the management 
team of a transit agency was interested 
in a quantitative approach to choosing 
the number of standby extraboard 
drivers, we wanted to explore how 
transit managers should think about 
solving this problem. On one hand, if 
they chose a small number of standby 
drivers relative to the number needed 
to cover the typical amount of work, 
it is likely that most of the extraboard 
drivers’ paid time would be utilized, 
but the agency would probably incur 
substantial overtime costs. Moreover, 
service might be unreliable because of 

the uncertainty of drivers’ availability 
for overtime assignments. On the other 
hand, if the agency chose a relatively 
large number of standby drivers, it 
would not be able to fully utilize the 
paid time of all of these drivers, but 
overtime costs would likely be lower and 
service reliability should be higher. 

To capture these tradeoffs, we 
performed a simulated experiment. We 

chose a particular weekday (Wednesday) 
during a particular quarter (March–June 
2009) for a particular garage (Nicollet). 
We then selected a small number of 
drivers and assigned same-day work to 
these drivers so as to minimize overtime 
use. (Note that in reality, each piece 
of work that arises during a workday 
is assigned sequentially—that is, one 
at a time—and therefore it may not be 

Figure 1. Driver Availability, Demand, and Overtime Profile for Wednesdays at the 
Nicollet Garage, March–June 2009
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Figure 2. Driver Availability, Demand, and Overtime Profile for Wednesdays at the 
Heywood Garage, March–June 2009
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possible to achieve as high a utilization 
rate of standby drivers as we obtained 
with perfect foresight.) We repeated 
this exercise for each Wednesday in our 
sample and calculated the mean cost per 
hour of work, mean overtime used (in 
minutes), and the maximum number 
of work pieces that would have to be 
covered by drivers on overtime at any 
time during the day (called overtime 
stacking). We used mean cost per hour of 
work as a proxy for efficiency and mean 
overtime stacking as a proxy for reliabil-
ity.3 Then we performed the calculations 
again assuming one more standby driver 
to be available, and continued adding 
one driver at a time until the cost per 
hour of work (efficiency) increased 
at a monotone (near-linear) rate and 
overtime stacking (reliability) remained 
largely unchanged. 

Results of our analysis indicated 
that, as one would expect, both over-
time minutes and overtime stacking 
decrease as the number of standby 
drivers increases (Figures 3 and 4). 
However, after scheduling 16 standby 
drivers, additional drivers have a rela-
tively small effect on overtime stacking. 
That is, if the reason for having more 
extraboard drivers is to reduce depen-
dence on drivers’ willingness to work 
overtime and thereby reduce the risk of 
loss of reliability, then one would not 
schedule more than approximately 16 
standby drivers on Wednesdays to cover 
open pieces of work arising that day at 
the Nicollet garage. 

From a policy perspective, the 
simulated experiment suggests that a 
greater reliance on overtime might, in 
fact, be more efficient. This is counter-
intuitive, because regular pay is gener-
ally lower and therefore it is assumed 
that it is more economical to assign 
work to regular shifts. However, several 
reasons explain why this analysis 
cannot be applied directly. First, we 
assumed perfect knowledge beforehand 
concerning pieces of work that need 
to be covered by standby drivers. In 
reality, the number of standby drivers 
and their shift start times need to be 
chosen in advance without this knowl-
edge. Second, dispatchers worry about 
overtime availability at certain hours 
(e.g., during the am peak) when it may 

3  Reliability can be measured in other ways—for 
example, in terms of the total overtime used. We 
chose overtime stacking because if a particular 
work-piece assignment approach requires many 
overtime drivers simultaneously, then this may 
lead to dropped service on account of driver 
unavailability.

be difficult to get drivers to accept over-
time assignments, thereby reducing reli-
ability. Thus, measuring overall overtime 
stacking does not capture dispatchers’ 
true objectives. Nonetheless, this anal-
ysis should encourage a deeper study of 
quantitative methods for determining 
the number of standby drivers and their 
report times. Future efforts may need to 
consider overtime stacking separately for 
am and pm peak periods.

Work Assignment and Shift 
Scheduling. Finally, we developed an 
approach for scheduling drivers’ shifts 
and assigning work to drivers that 
satisfies the driver work rules at Metro 
Transit. This approach can be adapted 
to serve the needs of other transit agen-
cies that may face different constraints. 
We developed two algorithms—one 
for solving the problem of advance 

assignments (that is, extraboard-driver 
assignments made before the next 
workday) and the other for solving 
the problem of dynamic assignments 
(extraboard-driver assignments made 
during the same workday). These prob-
lems belong to the class of so-called 
NP-complete problems, which are known 
to be difficult problems to solve.4 There-
fore, our approach is not guaranteed to 
solve all instances of the problem with 
optimal results in a finite amount of 
time. However, in all practical instances, 
our approach was able to solve the oper-
ational-level problems quite quickly. 

Our algorithms assumed that 
decisions regarding the number of 

4  M.R. Garey and D.S. Johnson, Computers 
and Intractability: A Guide to the Theory of 
NP-Completeness (San Francisco: Freeman, 1979).

Figure 3. Total Overtime Minutes as a Function of the Number of Standby 
Extraboard Drivers on Wednesdays at the Nicollet Garage, March–June 2009
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Figure 4. Mean Daily Overtime Stacking as a Function of the Number of Standby 
Extraboard Drivers on Wednesdays at the Nicollet Garage, March–June 2009
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extraboard drivers and their division 
into standby and preassigned catego-
ries have been made. The task for these 
algorithms is to assign work and deter-
mine shift start times of extraboard 
drivers. Although in this article we do 
not present the details of the algorithms 
developed to solve these problems,5 we 
do provide the general structure of these 
algorithms in diagrams showing the 
objective, the inputs, and the outputs 
for each stage of decision making 
(Figure 5).

We determined performance metrics 
from applying our algorithm to data 
for the Nicollet garage for December 
2009 and the Heywood garage for June 
2010 (Tables 3 and 4). On average, our 
approach can reduce overtime usage 
by 21.3 hours per day (22% of current 
usage) at Nicollet and 15.0 hours per 
day (12% of current usage) at Heywood. 
This reduction is achieved by using 
more overtime to cover the am peaks at 
the advance-workday assignment stage, 
which allows our algorithm to cover 
most of the pm peak demand by using 
paid hours of preassigned extraboard 
drivers. This approach produces a net 
benefit because the amount of overtime 
saved in the pm peak is greater than the 
extra overtime used to cover the am 
peak. We expect that the implications 
of our approach for each garage’s opera-
tions may be different because, as we 
have already shown, different garages 
have different demand patterns. 

Upon testing our approach on 
data from the three other garages we 
studied,	we found that the savings were 
substantially smaller for smaller garages. 
A possible explanation for this result is 
that when fewer pieces or work need to 
be assigned, a manual approach may be 
nearly as good as that based on math-
ematical models and computer algo-
rithms. However, except for one small 
garage with 1% savings, all other garages 
showed an overtime savings potential of 
5% or higher. The cost savings among 
the three largest garages was in the 
7–22% range. 

Conclusions and Recommendations
The proof-of-concept for improving 
operational decisions described in 
this article is based on applying our 
approach to historical data. It is possible 
that our approach does not capture 

5  Readers interested in the formulation and details 
of the algorithms used in this research may contact 
the authors at scorlab@umn.edu for a copy of a 
technical paper containing such details.

all of the complexities in developing a 
markup schedule for advance-workday 
and dynamic same-day assignments, 
and therefore the actual savings may 
be smaller. Still, for the three largest 
garages operated by Metro Transit 
(Nicollet, Heywood, and East Metro), 
our approach has the potential to save 
7–22% in overtime costs. 

After a transit agency makes 
decisions concerning the size of its 
extraboard workforce, nonovertime 
wages for those extraboard drivers are a 
sunk cost. Therefore, the agency would 
benefit from reducing the amount of 
overtime used because any overtime 
wages are additional costs. However, 
if the agency is contemplating how 
many extraboard drivers to assign in 
the first place, our research found that 
strategic use of more overtime with 
commensurately fewer extraboard 
drivers might lower the agency’s costs. 
Our research highlighted the complexity 
inherent in choosing the right number 
of extraboard drivers, their division 
into standby and preassigned duties, 
and report times of standby drivers. It 
also provided justification and building 
blocks for addressing these problems. 
Finally, this study underscored the need 
to move away from the policy of using 
driver utilization as the sole measure 
of efficiency of extraboard-driver 

operations. Instead, we recommend 
the use of the four performance metrics 
identified here that together provide a 
more meaningful way to evaluate plan-
ning decisions. 

The methods described in this 
paper were developed to help improve 
extraboard operations at Metro Transit. 
However, these techniques could be 
adjusted to account for different work 
rules, overtime costs, and overtime 
availability and used to help other large 
transit agencies that have a database of 
operational data and face similar ques-
tions about operational decisions. 

Finally, there are a number of 
fruitful directions for future research 
related to the issues considered in 
this article, including the pursuit of 
data-driven optimization models that 
provide answers to the following ques-
tions: How many bus drivers should 
a transit agency employ? How many 
drivers should be assigned extraboard 
duties? How many of these extraboard 
drivers should be put on standby duty 
by am and pm shift categories? What 
should be the shift start time of each 
standby operator? Such models could 
gain widespread acceptance if they 
were embedded in existing commer-
cial software used to make driver duty 
assignments and track extraboard driver 
utilization. Many transit agencies have 

Figure 5. Advance-Workday and Same-Day Assignment Algorithms
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invested in such software in recent 
years, but current versions of software 
do not include tools for improving 
workforce management.
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Weekdays (21) Weekends (9)

Actual Algorithm Actual Algorithm

Total work (hours) 339 339 167 167

Work covered by extraboard 
drivers (hours)

262 277 125 132

Total overtime (hours) 110 84 59 47

Ratio of available regular 
work time to the amount of 
open work

0 .83 0 .83 0 .83 0 .83

Mean cost per hour of open 
work

$46 .40 $43 .20 $47 .60 $44 .60

Overtime as a fraction of 
total open work

0 .32 0 .24 0 .35 0 .28

Standby extraboard driver–
utilization rate

59 .4% 66 .5% 46 .5% 58 .3%

Overall extraboard driver–
utilization rate

81 .8% 91 .1% 78 .3% 86 .9%

Table 3. Comparison of Performance Metrics for Actual and Algorithm Extraboard–
Driver Assignments for the Nicollet Garage, December 2009

Note: The figures in parentheses in the header row indicate the number of days of each type in our analysis .

Weekdays (22) Weekends (8)

Actual Algorithm Actual Algorithm

Total work (hours) 397 397 222 222

Work covered by extraboard 
drivers (hours)

294 306 137 143

Total overtime (hours) 133 114 102 95

Ratio of available regular 
work time to the amount of 
open work

0 .88 0 .88 0 .74 0 .74

Mean cost per hour of open 
work

$49 .00 $46 .90 $48 .60 $47 .30

Overtime as a fraction of 
total open work

0 .34 0 .28 0 .46 0 .43

Standby extraboard driver–
utilization rate

55 .0% 60 .2% 42 .2% 50 .4%

Overall extraboard driver–
utilization rate

75 .6% 81 .0% 73 .0% 77 .3%

Table 4. Comparison of Performance Metrics for Actual and Algorithm Extraboard–
Driver Assignments for the Heywood Garage, June 2010

Note: The figures in parentheses in the header row indicate the number of days of each type in our analysis .
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Cities across Minnesota that are 
located outside the Twin Cities 
provide the jobs, education, 

goods and services, homes, meeting 
places, and identity for nearly half of 
the state’s population. They range in 
size from tiny Tenney (population 5) to 
mighty Rochester with a population of 
more than 100,000. The smallest places 
owe their existence to an earlier time 
before highways and the automobile; 
their main street businesses are suffering 
in today’s mobile society. The larger 
ones are vital places that are critical to 
the prosperity of both the state and the 
people of Greater Minnesota.1

In this article, we describe our work 
to understand the economic vitality 
of Minnesota cities outside the seven-
county Twin Cities metropolitan area. 
A major focus of our efforts is to classify 
cities into a hierarchy from largest to 
smallest. We do this because that hier-
archy is related to the number of goods 
and services available to consumers. 
Most things can be purchased close to 
home, but some require longer trips 
to larger cities that have the necessary 
goods and services. This trade-center 
hierarchy has implications for the state-
highway network, as well as other public 
and private policy decisions. 

Earlier Trade-Center Hierarchy Studies
Our current work is not the first look at 
the economy of cities across Minnesota. 
In the early 1960s, John R. Borchert, 
CURA’s founding director, and Russell B. 
Adams produced Trade Centers and Trade 
Areas of the Upper Midwest. It was part 
of the Upper Midwest Economic Study 
(based at the Minneapolis Federal Reserve 
Bank) that relied on a complex system of 
counting the number and types of retail 
and wholesale businesses. The purpose 
of that initial study was to describe the 

1  Greater Minnesota is a term created by Governor 
Rudy Perpich in the late 1970s when the rural 
economy was faltering. Outstate Minnesota was the 
preferred term before then, but was abandoned 
for the more positive, politically correct term. At 
least one of the authors still believes that Outstate 
Minnesota is the better term, a name closer to that 
of Garrison Keillor’s fictional Lake Wobegon, where 
“the women are strong, the men are good looking, 
and the children are above average.” We use both 
terms in this article.

functions and hierarchies of cities to 
better inform decisions by local citizens, 
businesses, planners, and policy makers.

CURA updated that report in 1990 
and again in 1999.2 As with the earlier 

2  T.L. Anding, J.S. Adams, W. Casey, S. de Montille, 
and M. Goldfein, Trade Centers of the Upper Midwest: 
Changes from 1960 to 1989 (Minneapolis: Center 
for Urban and Regional Affairs, 1990); and W. 
Casey, Update on the Upper Midwest’s Trade Centers 
(Minneapolis: Center for Urban and Regional 
Affairs, 1999).

study, these were based on counts of 
businesses, but they expanded beyond 
wholesale and retail trade to include 
construction, manufacturing, services, 
and other industrial categories; names 
for the trade-center hierarchy were 
adjusted accordingly (Table 1). These 
updates are important, because our 
society is always changing. Better high-
ways mean better access to places down 
the road. Population changes mean 
growing or declining purchases. The 

Trade-Center Hierarchy in Greater Minnesota
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The City of Luverne in far southwestern Minnesota owns the Palace Theater, which 
offers live performances and movies that draw people downtown. Although Luverne’s 
2009 taxable retail sales were $29 million—putting it in the middle of Level 4 
cities—its sales grew 3% from 2003 to 2009, suggesting the city is alive and well.
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arrival of new big-box stores means 
competitive prices on a wider range 
of goods, expanding the trade area of 
some cities. Attractive recreation areas 
bring people to spend money in cities 
far distant from home. All of these 
changes have happened in the past 50 
years. 

In 1989, Duluth was the only city at 
Level 1 (primary regional) of the trade-
center hierarchy. Nine cities were at the 
next level (secondary regional): Albert 
Lea, Bemidji, Brainerd, Mankato, Moor-
head, Rochester, St. Cloud, Willmar, 
and Winona (Table 1). The 1999 study 
limited itself to Level 5 and above. By 
that time, Rochester and St. Cloud had 
moved up to Level 1.

Data from Dun & Bradstreet were 
used in both the 1989 and 1999 studies 
to count businesses. Population counts 
were added to sharpen the classifica-
tion system. Businesses were located 
by zip code. This analysis was time 
consuming and costly, and the details 
were complex and sometimes confused 
readers. The authors suggested moving 
to a simpler approach based on sales-
tax data. In the work described here, 
we followed that suggestion, first 
testing the comparability of sales-tax 
results with those of the earlier studies 
as a method for determining trade-
center level, then applying the most 
recent sales-tax data to determine what 
changes have taken place in the trade-
center hierarchy.

Minnesota State Sales Tax
The Minnesota state sales tax began in 
19673 as a way of broadening the state’s 
tax base. The tax covers most purchases, 
but exempts clothing, prescription 
drugs, most personal services, and most 
food products (exceptions are restaurant 
and take-out food, which are taxed). 
The initial state sales-tax rate was 3%, 
but gradually increased over the years 
to 6.5% in 1994; in 2008, a constitu-
tional amendment increased the rate 
by an additional 0.375% with proceeds 
dedicated to four legacy funds: clean 
water, habitat (for outdoor enthusi-
asts), arts and culture, and parks and 
trails. In fiscal year 2010, the state sales 
tax supplied nearly 27% of the state’s 
revenue. Only the personal income tax 
supplied more (40.3%).

Our interest in this study was on the 
dollar-value of retail and service sales to 
consumers, not the revenues accruing to 
the state, as our measure of the activity 
of trade centers. Fortunately, the Minne-
sota Department of Revenue publishes 
such data on taxable sales. Total retail 
and service sales in 2009 in Minnesota 
were roughly $40 billion, with $25 
billion being sold in the seven-county 

3  Minnesota Department of Revenue, Minnesota Tax 
Handbook, 2010 edition. Technically, the “sales tax” 
includes a use tax, collected when sales taxes are not 
collected as when goods are purchased from out of 
state via the Internet. The use-tax collections are 
quite small, usually only a fraction of total sales-tax 
collections, and generally ignored in this study.

Twin Cities metro area and $15 billion 
in Greater Minnesota (Figure 1, p. 22). 
The metro area has roughly 63% of 
the state’s sales, despite having only 
54% of the state’s population, because 
the metro area population is slightly 
wealthier and the shopping opportu-
nities are greater (including the Mall 
of America, which attracts 40 million 
shoppers each year). The Greater Minne-
sota share of the state’s retail and service 
sales has remained fairly constant over 
time, growing slightly from 35% in 1990 
to 37% in 2009. Across this timeframe, 
individual cities would be expected to 
vary from this pattern as they added or 
lost market share and businesses.

Testing the Relationship Between Sales 
and Earlier Trade-Center Levels
When we assessed these data, we were 
interested in examining to what extent 
taxable retail and service sales were 
related to the 1990 and 1999 trade-
center study findings. If the relationship 
was strong, such sales data could be used 
to classify cities without the extraordi-
nary effort put forward in those earlier 
studies. To explore this relationship, we 
used sales, trade-center level, and popu-
lation for 48 Greater Minnesota cities 
where sales data were available from the 
Department of Revenue; we eliminated 
cities on the fringe of the Twin Cities. 
We used taxable-sales data from 1990 
and 1998 because data are available for 
those years (see Figure 1).

Level

1960 Borchert–Adams 
Trade-Center Level 

Name

1989/1999
Trade-Center
Level Name

Mean Number 
of Businesses in 

Minnesota in this 
Level (1989)

Number of 
Centers in 

Minnesota in this 
Level (1989)

Mean Population 
in Minnesota in 
this Level (1989)

0 Metro Area Metro Area 52,861 1 2,153,781

1 Primary Retail-Wholesale Primary Regional 3,228 1 126,676

2 Secondary Retail-
Wholesale

Secondary Regional 993 9* 39,456

3 Complete Shopping Complete Shopping 397 27 14,705

4 Partial Shopping Partial Shopping 147 55 5,536

5 Full Convenience Full Convenience 89 62 3,499

6 Minimum Convenience Minimum Convenience 45 172 2,080

7 Hamlet Hamlet 13 423 779

Table 1. Trade-Center Hierarchy in 1960 and 1989

Source: Based on T .L . Anding, J .S . Adams, W . Casey, S . de Montille, and M . Goldfein, Trade Centers of the Upper Midwest: Changes from 1960 to 1989 (Minneapolis: Center for 
Urban and Regional Affairs, 1990) .
* Includes Fargo-Moorhead plus eight other cities located entirely within Minnesota .



FALL/WINTER 2011     21

City

Trade-Center 
Level Taxable Retail and Service Sales 2009 

Retail/
Service 
Sales 
Level

2010 Population 2003 Data

1989 1999
1990 

(millions)
1998

(millions)
2009

(millions)

Pct. 
Change 

1990–2009
Person 
Count

2009 
Sales per 
Person

2003 
Sales 

(millions)

Pct. 
Change 

2003-2009

Rochester 2 1  $844  $1,140  $1,172 39% 1  106,769 $10,976 $1,118 5%

Duluth 1 1  $829  $1,024  $1,051 27% 1  95,679 $10,986 $1,268 −17%

St. Cloud 2 1  $714  $1,181  $1,016 42% 1  101,206 $10,041 $1,098 −7%

Mankato 2 2  $406  $623  $904 123% 1  52,703 $17,153 $738 22%

Brainerd 2 2  $219  $328  $421 92% 2  21,200 $19,842 $379 11%

Alexandria 3 2  $171  $254  $287 68% 2  11,070 $25,958 na —

Willmar 2 2  $216  $231  $282 31% 2  19,610 $14,382 $222 27%

Bemidji 2 2  $189  $266  $249 32% 2  13,431 $18,564 $219 14%

Winona 2 2  $204  $235  $240 18% 2  27,592 $8,697 $206 16%

Owatonna 3 2  $145  $240  $239 65% 2  25,599 $9,354 $198 21%

Marshall 3 2  $118  $170  $200 69% 2  13,680 $14,593 $149 34%

Grand Rapids 3 2  $162  $211  $189 17% 2  10,869 $17,398 $195 −3%

Moorhead 2 2  $191  $168  $188 −1% 2  38,065 $4,949 $192 −2%

Fergus Falls 3 2  $136  $169  $179 32% 2  13,138 $13,656 $189 −5%

Hutchinson 3 2  $103  $147  $169 64% 2  14,178 $11,927 $176 −4%

Red Wing 3 2  $130  $130  $166 28% 2  16,459 $10,081 $129 29%

Detroit Lakes 3 2  $115  $150  $165 43% 2  8,569 $19,202 $104 58%

Albert Lea 2 2  $144  $165  $156 8% 2  18,016 $8,656 $142 10%

Faribault 3 2  $142  $182  $146 3% 2  23,352 $6,267 $142 3%

Austin 3 2  $135  $160  $136 1% 2  24,718 $5,511 $125 9%

Hibbing 3 2  $113  $124  $131 16% 2  16,361 $7,985 $99 32%

New Ulm 3 2  $92  $124  $130 41% 2  13,522 $9,629 $107 22%

Worthington 3 2  $126  $101  $108 −15% 3  12,764 $8,432 $99 8%

Cloquet 3 3  $63  $95  $103 64% 3  12,124 $8,482 $90 15%

Virginia 3 3  $139  $150  $97 −30% 3  8,712 $11,183 $104 −6%

Thief River Falls 3 3  $82  $95  $90 10% 3  8,573 $10,540 $77 17%

Little Falls 3 3  $69  $96  $81 17% 3  8,343 $9,728 $81 0%

Wadena 4 3  na  na  $80 — 3  4,088 $19,569 na — 

International Falls 3 3  $99  $81  $67 −33% 3  6,424 $10,364 $62 7%

Fairmont 3 2  $105  $92  $62 −41% 3  10,666 $5,780 $76 −19%

Crookston 3 3  $45  $56  $52 14% 3  7,891 $6,561 $36 42%

Montevideo 3 3  $50  $70  $51 3% 3  5,383 $9,499 $45 14%

Redwood Falls 4 3  $35  $61  $47 33% 3  5,254 $8,895 $50 −7%

Waseca 3 3  $59  $58  $47 −21% 3  9,410 $4,952 $43 9%

East Grand Forks 3 3  $39  $42  $46 19% 3  8,601 $5,324 $45 2%

Morris 4 4  $42  $47  $38 −10% 4  5,286 $7,260 $36 7%

Ely 4 3  $35  $48  $37 8% 4  3,460 $10,739 $32 17%

St . Peter 4 3  $36  $48  $36 −1% 4  11,196 $3,179 $40 −11%

Pipestone 4 4  $34  $35  $32 −6% 4  4,317 $7,349 $28 15%

Litchfield 4 3  $46  $44  $30 −35% 4  6,726 $4,448 $30 1%

Luverne 4 4  na  $34  $29 — 4  4,745 $6,110 $28 3%

Grand Marais 5 4  $25  $41  $24 −3% 4  1,351 $17,854 $13 85%

Glencoe 4 3  na  na  $23 — 4  5,631 $4,041 $25 −7%

Two Harbors 4 4  na  $39  $21  — 4  3,745 $5,513 $24 −15%

Stewartville 5 4  na  na  $14 — 5  5,916 $2,410 $16 −11%

St . Joseph 5 4  na  $13  $11 — 5  6,534 $1,750 $6 89%

Eveleth 5 4  $19  $26  $10 −47% 5  3,718 $2,740 $12 −12%

Chisholm 6 4  $17  $13  $8 −50% 5  4,976 $1,685 $11 −24%

Table 2. Taxable Retail and Service Sales of Trade Centers in Greater Minnesota, 1990–2009

Note: Cities in bold are combinations of cities in Department of Revenue reports: Brainerd (includes Baxter), Duluth (includes Hermantown), Mankato (includes North 
Mankato), and St. Cloud (includes Sartell, Sauk Rapids, and Waite Park) .

Cities are ordered by 2009 taxable retail and service sales . The shaded rows indicate the breaks between 2009 retail and service sales levels .
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We found a strong connection 
between sales and trade-center levels 
for both 1989 and 1999 (Table 2). For 
example, many of the cities classified 
as trade-center Level 2 in 1989 had 
sales exceeding $200 million in 1990; 
only Albert Lea, Bemidji, and Moor-
head had sales under $200 million. The 
1999 classification added many cities, 
which had the effect of lowering the 
sales threshold to $100 million, but the 
relationship between trade-center and 
sales level remained strong. To test the 
statistical significance of this relation-
ship, we conducted an analysis of vari-
ance to determine whether the mean 
sales of the various trade-center level 
groups were statistically different from 
each other. We limited the analysis to 
Levels 2 through 4 because of the small 
number of cities in the other levels. The 
analysis produced an F-score that indi-
cated that the differences between the 
mean sales values were very statistically 
significant, with a less than 1 in 1000 
probability (p < 0.001) that this differ-
ence could be due to chance (Table 3). 

Clearly, then, taxable retail and 
service sales were good measures of trade-
center level. Perhaps the biggest problem 
with using sales data to determine trade-
center level is the lack of any published 
data from the Department of Revenue for 
many cities in Greater Minnesota that 
had scored at Level 3 in the 1999 study: 
Aitkin, Mora, Park Rapids, Princeton, 
and Wadena.4 Other fairly large cities 
are missing too; 21 cities with popula-
tions of more than 3,500 in the 2000 
Census (and 4 with populations of more 
than 5,000) have no published taxable-
sales data. A second issue is that the 
sales records since 2003 were based on 
geocoding rather than a mailing address; 
therefore, business districts just outside 
of the city limits will not be included in 
the city’s taxable-sales report, skewing a 
trade center’s size to appear smaller than 
it actually is.

2009 Trade-Center Level
Our analysis justifies the use of taxable 
retail and service sales as a good indi-
cator of the trade-center level of cities 
in Greater Minnesota. We then applied 
this approach to determine the 2009 
trade-center level for the 48 cities whose 
1990 and 1998 sales data we had previ-
ously examined (Table 2). We called this 
new classification scheme retail/service 
sales level and kept the same numbering 

4  The Minnesota Department of Revenue created a 
special Wadena report for us.

system as the trade-center level system. 
The most controversial aspect of our 
classification was where we drew the 
horizontal lines to indicate the level 
break (see Table 2). The easiest break 
was between Levels 1 and 2, primary 
regional and secondary regional. All 
four primary regional cities—Rochester, 
Duluth, St. Cloud, and Mankato—had 
2009 sales of nearly $1 billion or more. 
The next largest city, Brainerd, had less 
than half that amount. Mankato was the 
new entry to Level 1. 

Other break points were harder to 
justify, because we did not observe as 
clean a break elsewhere in the sales 

continuum. We used the following 
criteria in determining those breaks:

	. Significant	breaks	in	the	data. 
For example, the difference in 
2009 taxable retail and service sales 
between the two cities where we 
chose to make the split between 
Levels 2 and 3 (secondary regional 
and complete shopping) was approx-
imately $22 million. That break 
put New Ulm above the line and 
Worthington below it.

	. Alignment	with	the	previous	
trade-center	studies. For example, 

Note: Taxable sales are reported by North American Industry Classification System code . We used data for the 
following industries: Retail (codes 44/45); Information (51); Finance & Insurance (52); Real Estate, Rental & 
Leasing (53); Professional, Scientific, & Technical Services (54); Administrative & Support (56); Educational 
Services & Health/Social Assistance (61-62); Arts, Entertainment & Recreation (71); Accommodation & Food 
Services (72); and Other Services Except Public Administration (81) .

* No data were available for the years 1997, 1999, 2001, and 2002 .

Figure 1. Taxable Retail/Service Sales, 1990–2009

 $-    

 $5  

 $10  

 $15  

 $20  

 $25  

 $30  

 $35  

 $40  

 $45  

 $50  

19
90

 
19

91
 

19
92

 
19

93
 

19
94

 
19

95
 

19
96

 
* 

19
97

 
19

98
 

* 
19

99
 

20
00

 
* 

20
01

 
* 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

07
 

20
08

 
20

09
 

In
fl

at
io

n
 A

d
ju

st
ed

 t
o 

20
09

 P
ri

ce
s 

(i
n

 b
ill

io
n

s 
o

f 
d

ol
la

rs
) 

State  

Twin Cities 
Metro 

Greater 
Minnesota 

Trade-Center 
Level 1990 1998

Level 2 Mean sales (millions)
Number of cities

$348
9

$203
21

Level 3 Mean sales (millions)
Number of cities

$106
23

$73
13*

Level 4 Mean sales (millions)
Number of cities

$38
6*

$31
8*

F-Score 14 .7 17 .0

Significance
(p-value)

< 0 .001 < 0 .001

Table 3. Statistical Comparison of Taxable Retail and Service Sales to Trade-Center 
Level

* Although more cities are in this level, the number here represents the number for which sales data were available 
and that were used for calculating the mean sales values shown here .
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the break between Levels 3 and 4 
(complete shopping and partial shop-
ping) kept East Grand Forks at its 
1989 and 1999 Level 3 and Morris at 
its Level 4.

	. Trends. If we had a question about 
where to draw the break, we placed it 
between a growing city and declining 
one. The break between Levels 3 and 
4 illustrates this trend approach. Our 
split placed Morris in Level 4 because 
it was losing sales based on the 1990 
and 2009 data, while East Grand 
Forks (Level 3) was gaining sales.

Using this new system demon-
strated a few specific changes since 
the 1999 study. Mankato grew to be 
a Level 1 center with a 45% growth 
in sales during a 10-year period (from 
$623 million in 1990 to $904 million 
in 2009). Worthington dropped a level, 
from 2 to 3, mostly because of the large 
$22 million gap between it and New 
Ulm. Four Level 3 cities (Ely, St. Peter, 
Litchfield, and Glencoe) dropped to 
Level 4.

Using our new sales level class-
ification system, the distribution of 
trade-center Levels 1–3 across the state 
reflected a pattern of widespread access 
to retail and services for people across 
Minnesota, but did not show access 
by border communities to high-level 
centers across the state line (e.g., Sioux 
Falls, South Dakota, for people in south-
west Minnesota) (Figure 2). We have 
adjusted Moorhead and East Grand 
Forks upward to show their inclusion 
in the urban area of their larger North 
Dakota sister cities. We could not show 
the Level 3 cities (complete shopping 
centers) for which Department of 
Revenue data were not available (Aitkin, 
Mora, Park Rapids, and Princeton).

We offer our classification tenta-
tively. We have based the classification 
on a single measure and that measure 
can be volatile—for example, it can 
change quickly when a big-box store 
moves in (or out). Some of our levels 
could be seen as arbitrary break points 
in a continuum. We have also based the 
whole system on data about Minnesota, 
ignoring cities beyond our borders and 
the peculiar mix of cities we have within 
our borders. Lastly, we have used Depart-
ment of Revenue data that both ignores 
sales of nontaxable items and has been 
subject to variations in reporting proce-
dures. Still, we believe that it is an easy 
system to understand, and is easy to 
adjust to make it suitable for many uses.

Findings
This section summarizes findings from 
our analysis.

The Minnesota trade-center level 
system is top heavy. The top four cities 
each have taxable sales that are twice 
the size of Brainerd and triple that of 
other Level 2 cities such as Alexan-
dria, Willmar, Bemidji, Winona, and 
Owatonna. Indeed, the four Level 1 
cities account for more than one-quarter 
(28%) of all sales in Greater Minne-
sota. When these 4 trade centers are 
combined with the 18 Level 2 cities, the 
top 22 cities account for 52% of all sales 
in the 80 counties of Greater Minnesota. 

The rest of this section focuses on 
patterns of change in sales over the 
1990–2009 time period. General truths 
emerged that may be challenged by 
individual cities. A more recent time 
period is covered in a later section.

Size is a major determinant of 
growth rate. The bigger cities have 

momentum and are growing faster 
than other cities (Table 4, p. 25). They 
offer goods and services not available 
in smaller places—justifying a longer 
trip for residents—and can also provide 
lower prices and wider shopping 
experiences. 

The system is dynamic. Being in 
a given trade-center level does not 
guarantee mean growth for that level. 
Mankato provides a dramatic example, 
with a 123% growth rate over the past 
20 years, which was enough to move it 
into our Level 1 group. Other cities in 
Level 2 in 1990, such as Fairmont and 
Worthington, lost ground and dropped 
one level (Table 2).

A recreation base helps. Alexandria 
and Brainerd benefit from being in the 
state’s lakeshore area. Ely benefits from 
being on the edge of the Boundary 
Waters Canoe Area Wilderness. These 
places are experiencing high growth in 
sales in their trade-center level.

Note: This figure is missing four potential Level 3 cities for which Minnesota Department of Revenue data were not 
available: Aitkin, Mora, Park Rapids, and Princeton . Moorhead and East Grand Forks were each increased one sales 
level because they are both parts of much larger urban areas that include their North Dakota sister cities, Fargo 
and Grand Forks .

Figure 2. Retail/Service Sales Levels 1–3 (Based on Taxable Retail and Service Sales), 
2009

Retail/Service 
Sales Levels
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Proximity to larger centers hurts 
smaller centers. People in Fairmont, St. 
Peter, and Waseca may be likely to drive 
to Mankato because it offers more retail 
choices. Worthington and Luverne are 
hurt by easy interstate access to Sioux 
Falls, South Dakota. Moorhead residents 
shop across the North Dakota border in 
Fargo. Litchfield shoppers have more 
choices in nearby Willmar.

Population dynamics affect city 
sales. Western and southern Minnesota 
are losing population, which affects 
sales in Fairmont, Montevideo, and 
Pipestone. Population losses on the Iron 
Range have affected Virginia, Eveleth, 
and Chisholm.

Destiny is not preordained. Cities 
of similar size and location often expe-
rience different outcomes. Albert Lea 
in southern Minnesota appears to be 
outperforming nearby Austin. Owatonna 
has outperformed Faribault. Cities can 
change their own vitality by making 
conscious decisions and investments. 
For example, Owatonna was successful 
in attracting Cabela’s, Target, Lowe’s, 
Walmart, and an outlet shopping center, 
thus becoming a retail destination.

Sales and Populations for 2009 
Most of the sales for a city will be local, 
but not all. Cities can lose sales to other 
places, or gain them from other loca-
tions. On average, the Greater Minne-
sota cities we studied had $9,800 in 
sales per person, but individual cities 
had more or less (Table 2). When we 
examined the relationship between 
sales and population for our 48 cities, 
the most obvious extreme outlier on 
our chart is Mankato, with $17,153 per 
resident (based on sales of more than 
$900 million and a population under 
53,000, including students at Minnesota 
State University) (Figure 3). It is hard 
to say why this city is performing so 
well, except that it is the largest city in 
south-central Minnesota and attracts 
buyers from throughout that region. 
Other cities in that region are underper-
forming based on population (e.g., Fair-
mont, and Waseca).

The more common type of over-
performing city is one that serves a large 
population of tourists and summer resi-
dents (e.g., Brainerd, Alexandria, Bemidji, 
Grand Rapids, Detroit Lakes, and Grand 
Marais). The local population is swelled 
by people from other parts of the state 
who come to spend time and money 
while enjoying Minnesota’s lakes. 

At the other end of the spectrum are 
the underperforming cities. Only a few 

Figure 3. 2009 Taxable Retail and Service Sales Versus 2010 Population
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are extreme outliers, but many are well 
below the $9,800 mean. The underper-
formers tend to fall into two categories. 
First are small cities that simply do not 
provide a wide-enough array of taxable 
goods and services to make the mean 
(Figure 3). Even in the 1999 study a 
decline in Level 4 cities (partial shop-
ping centers) was observed. Second are 
those cities that are in the shadow of a 
larger city that provides a better array 
of goods and services; an example is St. 
Peter within the Mankato service area. 
People in Moorhead and East Grand 
Forks tend to shop in the larger retail 
centers of their sister cities on the North 
Dakota side of the Red River, and so 
appear weak in Figure 3, but they actu-
ally are part of vibrant trade centers.

Not as Straightforward as It Seems
Earlier parts of this article covered 
changes from 1990 to 2009. Those 
patterns are easy to describe and under-
stand. However, two problems exist 
with such analyses: the Department of 
Revenue changed its methodology in 
2003; and the long-term trends mask 
recent significant changes. 

In 2003, the Department of Revenue 
began tracking the exact locations of 

businesses and counting only those 
that operated inside the city limits. A 
growing number of cities have instituted 
a local sales tax, and this approach is 
necessary to administer that tax. Earlier 
Department of Revenue data included 
any business using that city as a mailing 
address. Many cities appear to lose 
sales as a result of this change, even 
though nothing has changed except the 
counting method. 

A 2003–2009 analysis examined 
city sales using a consistent approach 
for both the 2003 and 2009 data that 
reflected the change in methodology at 
the Department of Revenue (Table 2 and 
summarized in Table 5). In the shorter-
term, the strength of the Level 1 cities 
faltered and the lower trade-center levels 
appeared stronger. Even though sales 
were down overall from 2003 to 2009 
(Figure 1), the smaller city sales held up. 
We speculate that, during this weaker 
economy, people cut back on the more 
unique goods and services available at 
the Level 1 cities, and continued to shop 
close to home for the more essential 
things that they needed. In this analysis, 
the largest cities have no lock on growth. 
Second-tier cities outperform them 
on average. Recreation-based places 

continue to do well. Smaller cities near 
larger ones continue to be hurt. Popula-
tion dynamics continue to play a role 
in city sales. Except for Hibbing in the 
western Iron Range, cities in that part of 
the state are losing people and sales. 

Many cities have taken extra steps 
to overcome their lack of natural advan-
tage. Cities in southern and western 
Minnesota have added new industry, 
like meat-packing plants, that brings in 
workers and stabilizes or grows the local 
population. Worthington has an aggres-
sive development agency that is creating 
a bio-business center, and added a 
Walmart Superstore in 2000 that has 
helped to stabilize its economy. Luverne 
has all of the county’s furniture stores, 
seven of the eight recreation spots, and 
a state park on the northern edge of 
town. It also has 87% of the county’s 
sales and draws in extra sales from I-90. 

Conclusions and Recommendations
The Minnesota trade-center hierarchy is 
dynamic. Things change over time, as 
Mankato’s rise to Level 1 proves. Indi-
vidual cities will have some idea about 
how they are changing, but a study like 
this one provides a statewide perspec-
tive. We recommend that studies like 

2009 Taxable 
Retail and Service 

Sales Level
Number of 

Cities Analyzed

Mean Pct. 
Change in Sales, 

1990–2009

Pct. Change in 
Sales for Entire 

Sales Level, 1990–
2009

Pct. of Cities in Sales 
Level with Increased 

Sales, 1990–2009

Mean Population 
of Sales Level City, 

2010

1 4 58% 48% 100% 89,089

2 18 35% 35% 94% 45,282

3 12 2% −7% 58% 8,679

4 6 −8% −9% 17% 5,389

5 2 −49% −48% 0% 4,347

Table 4. Change in Taxable Retail and Service Sales, 1990–2009

Note: Many cities are missing from levels 3 to 5 because of a lack of data . From Table 1 we know many more cities are in these levels .

2009 Taxable Retail 
and Service Sales 

Level
Number of Cities 

Analyzed
Mean Pct. Change in 

Sales, 2003–2009

Pct. Change in Sales 
for Entire Sales Level, 

2003–2009

Pct. of Cities in Sales 
Level with Increased 

Sales, 2003–2009

1 4 1% −2% 50%

2 17 16% 14% 76%

3 12 7% 5% 58%

4 9 9% 5% 67%

5 4 5% 0% 25%

Table 5. Change in Taxable Retail and Service Sales, 2003–2009
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CURA has partnered with the 
Minnesota State Demographic 
Center and the Cartography Lab 

in the University of Minnesota’s Depart-
ment of Geography to produce four-
color, poster-sized (17.5 x 20 inches) wall 
maps showing population distribution 
in Minnesota and the seven-county 
Twin Cities metropolitan area, as well as 
population changes in the state, using 
data from the 2010 U.S. Census. The 
statewide and metro-area distribution 
maps and the statewide population 
change dot map are plotted at the block 
level. The statewide population change 
choropleth map is plotted at the minor 
civil division level, which includes cities, 

townships, and unorganized territory. 
The maps include major water features 
and selected major roads and highways. 

Smaller versions of the maps (with 
some detail removed for legibility) can 
be found on the next four pages. Poster-
sized versions of the maps with full 
detail are available for download as PDFs 
at the following URLs:

 . Twin	Cities	Metropolitan	Area	
Population	Distribution,	2010: 
www.cura.umn.edu/node/7250

 . Minnesota	Population	Distribu-
tion,	2010:
www.cura.umn.edu/node/7251

 . Minnesota	Population	Change,	
2000–2010	[choropleth	map]:
www.cura.umn.edu/node/7328

 . Minnesota	Population	Change,	
2000–2010	[dot	map]:
www.cura.umn.edu/node/7329

For those who want to print the 
maps, both FedEx Office and the 
University of Minnesota’s John R. 
Borchert Map Library (map.lib.umn.edu) 
offer reasonable prices for printing from 
these files at full size.

2010 State and Twin Cities Metro Population 
Maps Available

this one be conducted at least once 
every 10 years. 

We found that sales-tax data are a 
good substitute for traditional ways of 
measuring economic activity in cities 
across Greater Minnesota. Level bound-
aries and membership need to be viewed 
with caution, because they can be arbi-
trary, but taxable sales are a useful and 
simplified way to gauge the level of 
economic activity at any one time.

To support such analyses, the 
Department of Revenue needs to stabi-
lize its methodology for collecting 
sales data. For our purposes, including 
businesses on the edge of town makes 
sense, because we care about economic 
strength and vitality of the city as an 
urban center. We can understand the 
Department of Revenue’s need to focus 
on the official municipal boundaries, 
because they are in the tax business. 
Either way, a sales-tax data collection 
system needs to be in place for an 
extended period of time. 

Department of Revenue data on 
taxable sales are available for most of 
the larger cities in Minnesota. It would 
be helpful if these data were available 
for all cities with populations of more 
than 3,500.5 The smaller cities are 

5  Data are available for sales-tax receipts for all 
cities of 2,000 residents or more. See “Sales Tax, 
Minnesota, 2003–2008,” www.mngeo.state.mn.us 
/chouse/metadata/sales_tax.html. That data set 
covers all receipts, including any local levies. It 
is not clear how useful it will be for determining 
economic activity.

among those most in trouble and such 
data, especially when broken down 
to detailed industry, could help them 
mobilize themselves.

Missing comparable data for 
surrounding states is a problem. If such 
data were available, it would allow us to 
reconstitute trade centers that cross state 
lines, such as Fargo-Moorhead. Further-
more, it would give us a greater mix of 
city sizes and allow us to create more 
robust levels. Minnesota, for example, 
has only one city in the $300 million 
to $900 million taxable-sales group. 
We recommend that the states work 
together to achieve this goal.

Individual cities can use the data 
and analyses presented here to take 
charge of their own futures. Just because 
a city is positioned at Level 4 where the 
trend is downward, it is not doomed 
to oblivion. Cities will need to take the 
lead themselves, but help is available 
from a number of sources, including 
the regional analysis unit at the Minne-
sota Department of Employment and 
Economic Development, the Minnesota 
Design Team, and Minnesota Main-
street. The Minnesota Initiative Foun-
dations cover Greater Minnesota and 
are an excellent source of assistance to 
cities. Several midwestern states collabo-
rated to produce a web-based resource 
called Downtown Economic Develop-
ment Tools.6 Finally, we especially 

6  See www.uwex.edu/ces/cced/downtowns 
/index.cfm

recommend the various community 
economics programs available through 
University of Minnesota Extension, 
including Retail Analysis and Develop-
ment, Business Retention and Expan-
sion, Customer Service, and a new 
Minnesota Intelligent Rural Communi-
ties initiative.7

William J. Craig is associate director 
of CURA. His research is focused on 
the technology, policies, and uses of 
geographic information systems. Bruce 
W. Schwartau is an associate Extension 
professor with the University of Minnesota 
Extension Center for Community Vitality. 
He engages with local economic enti-
ties on retail analysis, economic impact 
studies, and business retention strategies. 
His recent research includes the effects of 
general merchandise superstores on retail 
sales distribution in Greater Minnesota.

7  See www.extension.umn.edu/community/. MIRC 
is supported by the Blandin Foundation.
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Each dot respresents 50 persons

City and minor civil division boundaries

Twin Cities Metropolitan Area Population Distribution, 2010
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Each dot respresents 100 persons

City and minor civil division boundaries

Minnesota Population Distribution, 2010
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Greater than 50% gain

25% to 50% gain

5% to 25% gain

5% loss to 5% gain

25% to 50% loss

5% to 25% loss

Greater than 50% loss

Population Change

Minnesota Population Change, 2000-2010
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Each dot respresents 50 persons gained

County borders

Each dot respresents 50 persons lost

Minnesota Population Change, 2000-2010
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Urban areas typically have a high 
degree of impervious surfaces—
that is, roads, parking lots, roof-

tops, and other surfaces that impede 
the movement of water into the soil. 
In predevelopment areas with natural 
ground cover, over half of precipitation 
infiltrates the soil to replenish ground-
water tables, and only a small amount 
(10%) remains as runoff into stormwater 
systems, rivers, and lakes. In areas with 
75 to 100% impervious surfaces—which 
is typical of urban development—far less 
precipitation is able to infiltrate the soil, 
and more than 50% of rainfall typically 
becomes surface runoff (Figure 1). 

Stormwater runoff from urban areas 
creates many problems. The increased 

rate and volume of this runoff increases 
the risk of flash flooding and can alter 
the temperature and aquatic habitat in 
streams.	In addition, roads and parking 
lots are full of contaminants, including 
debris, wear from tires and brake pads, 
oils and other chemicals, toxic metals, 
animal pathogens, soil and sediment, 
road salt, and excess nutrients, that are 
picked up and transported into lakes 
and rivers by runoff. 

Municipalities and developers 
use several stormwater management 
practices to mitigate the effects of 
runoff caused by urbanization. Current 
approaches focus on implementing 
strategies that allow more rainwater to 
infiltrate into the ground. In addition 

to reducing peak flow rates during a 
storm, infiltration can remove pollut-
ants through filtration of particles and 
the molecular binding of pollutants to 
the soil. Infiltration also reduces the 
need for stormwater sewers and storage 
by reducing the volume of stormwater 
runoff that must be handled. Unfor-
tunately, the soils in most residential 
developments have lower stormwater-
infiltration capacity than the native 
soils they have replaced, because topsoil 
depth is reduced and subsoil compac-
tion is increased as land is reshaped and 
worked with heavy equipment during 
development.

A number of techniques are avail-
able to increase stormwater infiltration, 

Remediating Compacted Urban Soils with Tillage 
and Compost

by Nicholas Olson and John Gulliver

Photo ©
 Steve Schneider, 2011

Grading and stabilizing a site for development, as well as traffic from heavy equipment, can compact the soil, reducing 
permeability. 
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including rain gardens, pervious pave-
ments, and soil amendments. This 
article describes a collaborative research 
effort between the University of Minne-
sota and the Three Rivers Park District 
to quantify the effectiveness of two soil-
remediation techniques to help increase 
infiltration of compacted soil caused by 
land development. The research upon 
which this article is based was supported 
in part by grants from CURA’s Faculty 
Interactive Research Program and 
Community Growth Planning Assis-
tance Center (formerly the Community 
Growth Options program). Additional 
funding was provided by the Minnesota 
Pollution Control Agency and the Three 
Rivers Park District.

Soil Compaction and Soil Remediation
Commercial and residential site devel-
opment often results in soil compac-
tion. In addition to the traffic from 
heavy equipment used to develop a site, 
tremendous amounts of force are used 
to shape and stabilize a site for develop-
ment. As the soil is compacted, the void 
space between soil particles, normally 
occupied by air or water, is reduced, 
resulting in the loss of soil permeability 
and a reduction in the ability of the soil 
to transport water and air. Soil compac-
tion can also inhibit plant growth by 
preventing plant roots from penetrating 
the soil, thereby reducing the ability of 
plants to restore soil permeability. 

Remediation techniques may 
provide one way to reduce the problems 
associated with soil compaction during 
development. Two strategies commonly 
used in agricultural practices to yield 
better crops are tillage and adding 
compost. Tillage is used in agricultural 
settings to loosen and mix the topsoil. 
A tiller has tines that are pulled through 
the soil by a tractor, resulting in an 
upward motion of the soil that creates 
tension cracks (fissures), alleviating 
compaction and improving infiltration 
(Figure 2). Adding compost involves 
mixing soil with organic matter, which 
reduces soil density, increases the 
void space between soil particles, and 

improves the water-holding capacity 
of soil. Although tillage and adding 
compost are widely used in agriculture, 
they have not been adequately tested as 
remediation techniques for compacted 
soils in urbanized settings. Our objective 
in this study was to investigate whether 
tilling alone or tilling plus the addition 
of compost would increase soil infiltra-
tion in an urban setting.

Methodology and Findings
Working with the Three Rivers Park 
District, we selected three locations 
around the Twin Cities metropolitan 
area to test soil-remediation techniques. 
The sites we selected for testing were 

Adapted from the Environmental Protection Agency (EPA), “Protecting Water Quality from Urban Runoff,” EPA 841-F-03-003, February 2003,  
www .epa .gov/npdes/pubs/nps_urban-facts_final .pdf .

Figure 1. The Water Cycle Under Predevelopment (left) and Postdevelopment Conditions 
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Adapted from G . Spoor, “Alleviation of Soil Compaction: Requirements, Equipment and Techniques,” Soil Use and 
Management 22 (2006): 113–122 . 

Figure 2. A Tiller Tine Uplifting Soil to Produce Tension Cracks 
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Soil flow
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French Regional Park (city of Plymouth), 
Lake Minnetonka Regional Park (city of 
Minnetrista), and Maple Lakes Park (city 
of Maple Grove). We selected these sites 
based on the following criteria: they had 
turf areas that were easily accessed by 
remediation equipment, they differed in 
soil type, and they had a nearby water 
supply. We then chose specific areas 
with compacted soils to test on each site 
based on visual clues of soil compaction, 
such as relative hardness of the ground, 
poor turf establishment, poor tree 
growth, tree-root exposure, and eroded 
or bare soil areas.1 

We initially assessed the areas of 
compacted soil that we identified at 
each park site during the summer of 
2008. We measured the ability of water 
to infiltrate the soil using a Modified 
Philip-Dunne Infiltrometer, which was 
developed at the University of Minne-
sota’s St. Anthony Falls Laboratory to 
allow a quick measurement of the satu-
rated hydraulic conductivity of the soil 
(or Ksat). Ksat is a measure of the ease 
with which water moves through the 
soil under water-saturated conditions. A 
reduction in infiltration rate, or perme-
ability, can result from soil compaction, 
causing increased stormwater runoff. 
During the summer of 2008, we used 
this method to initially assess the ability 
of water to infiltrate soil at each site.

In the fall of 2008, we subdivided 
the most compact area of each site into 
three plots: a tilled plot, a tilled plot 
with compost added, and a control plot 
for comparison. We treated the tilled 
plot by tilling in one direction using a 
subsoiler, which uses two tines to rip the 
soil, with 12-inch spacing to a depth of 
24 inches. We treated the compost plot 
with tilling in the same manner, and 
then spread three inches of compost 
across the surface and spaded to a depth 
of 18 inches. We left the control plot 
untreated. We then leveled the treated 
plots and seeded them with a mix of 
grasses. 

During each of the following two 
summers, we made follow-up measure-
ments in approximately 30 locations 
on each plot to determine the rela-
tive effectiveness of the two treat-
ment approaches in improving soil 
permeability and infiltration (Figure 3, 
p. 35). We measured effectiveness by 
determining the ratio of the geometric 

1  Poor turf establishment suggests that grass roots 
have difficulty penetrating deeply to reach moist 
soil. Similarly, tree-root exposure and poor tree 
growth indicate the inability of roots to penetrate 
into the subsoil.

mean of Ksat2 for each treated plot 
to the control plot (Table 1). In all, 
we made more than 1000 infiltration 
measurements.

Based on these measures of perme-
ability, we found that remediation by 
deep tillage alone was ineffective at 
improving the infiltration capacity of 
the soil at French Regional Park and 
Lake Minnetonka Regional Park. Because 
neither of these sites had been recently 
disturbed by development, it is possible 
that tilling may actually have decreased 
infiltration capacity by damaging the 
structure of the soil and natural path-
ways, such as decaying roots, earth-
worm tunnels, and layers of stable 
aggregates such as sand and gravel. 
However, at Maple Lakes Park, we found 
that deep tillage by itself was effec-
tive in improving infiltration capacity. 
The permeability of the soil in the till 
plot was approximately twice that of 
the control plot. Maple Lakes Park is a 
newly developed site, and thus its soil 
may not have had a well-developed 
network of connected pores, in which 
case tilling would not degrade the infil-
tration capacity of the soil, but instead 
would improve it.

Our results indicated that deep 
tillage with the addition of compost was 

2  The geometric mean is the preferred way of 
spatially averaging soil property values because it 
gives equal weight to values of a different order of 
magnitude, such as often exist in soil.

the most effective soil-remediation tech-
nique. We found that, at most sites, the 
permeability of the tillage plus compost 
plots was approximately three to six 
times that of the control plots. In addi-
tion, the mean permeability was always 
higher on the tillage plus compost plots 
than it was on the control or till-only 
plots measured at the same timepoint. 

Tilling compost into the soil after 
construction can increase infiltration 
for at least several years, which should 
reduce stormwater runoff in developed 
areas. Compost will compress over time 
and lose its high porosity. However, 
the roots of plants on the surface will 
preferentially grow into the compost-
amended soils, and decaying roots are 
a source of high infiltration rates. It is 
possible that, with the right plants on 
the surface (e.g., deep-rooted fescues 
instead of shallow-rooted Kentucky 
bluegrass), the high infiltration rates 
created by tilling compost into the soil 
will last for a considerable time.

Conclusions and Recommendations
Urban development substantially 
impacts the local water cycle by 
increasing surface runoff and reducing 
soil infiltration, resulting in an urban 
watershed that has a high volume and 
rate of runoff when it rains. To build 
more sustainable cities, one goal is to 
return the water cycle to a predevelop-
ment state. This would require increasing 
infiltration in soils that have been 
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Stormwater runoff from urbanized areas increases the risk of flash flooding and is 
the main source of pollution to urban streams and lakes.
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compacted by the heavy equipment used 
in development. Our research shows that 
a substantial increase in infiltration rates 
in compact soil can be achieved by tilling 
the soil and adding compost. 

For several reasons, soil remediation 
is best performed in newly developed 
areas. First, deep tillage may damage 
natural pathways in older developed 
areas. These natural pathways, such 
as decaying roots, earthworm tunnels, 
and stable aggregates, can improve the 
infiltration capacity of soil. If these 
pathways are destroyed, then porosity 
decreases, which reduces infiltration 
capacity. This consequence of deep 
tillage was evident at French Regional 
Park and Lake Minnetonka Regional 
Park. Second, tilling and adding 
compost to large development sites 
would likely be less costly than remedi-
ating developed sites individually due 
to the economies of scale provided by a 
larger scale remediation effort. Finally, 
because less interference from mature 
trees and utility lines is found in new 
developments, more areas of the site 
will be accessible for soil amendment. 

Based on our analysis, it seems 
prudent for local governments and state 
agencies to encourage or require soil 
remediation with tilling and compost 
for new development projects. We are 

currently working with the Minnesota 
Pollution Control Agency to incorpo-
rate turf management into their Storm-
water Best Management Practices Manual 

(www.tinyurl.com/MPCA-Stormwater 
-BMPs) and their Minimal Impact 
Design Standards (MIDS) project  
(www.tinyurl.com/MPCA-MIDS).

Study Site Assessment Period
Till Plot

Control Plot
Till + Compost Plot

Control Plot

French Regional Park Year 2
(Summer 2009)

0 .6* 1 .5*

Year 3
(Spring 2010)

0 .5 1 .2*

Year 3
(Summer 2010)

Not available 2 .7

Lake Minnetonka  
Regional Park

Year 2
(Summer 2009)

1 .2* 3 .0

Maple Lakes Park Year 2
(Summer 2009)

2 .3 5 .7

Year 3
(Spring 2010)

2 .1 5 .5

Table 1. Relative Permeability Based on Ratio of the Geometric Mean of Ksat for Treated Plots and Control Plots 

Note: A ratio greater than 1 .0 indicates soil in the treated plot was more permeable than the untreated control plot, whereas a ratio less than 1 .0 indicates soil in the treated 
plot was less permeable than the untreated control plot . Data for year 3 are not available for all plots because such data were obtained selectively to test research hypotheses .  

*Indicates that the means of the plots being compared are not statistically different from one another .

Photo courtesy of N
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A substantial increase in infiltration rates in compact soil can be achieved by tilling 
the soil and adding compost. Here, an operator spades in compost at one of the test 
plots in Lake Minnetonka Regional Park in Minnetrista, Minnesota.
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Nicholas Olson was a graduate research 
assistant in the Department of Civil Engi-
neering at the University of Minnesota at 
the time this research was conducted. He 
is currently a graduate engineer at the 
Minnesota Department of Transportation. 
John Gulliver is a professor of civil engi-
neering at the University of Minnesota, 
working on a variety of new stormwater 
treatment practices. 

The research upon which this arti-
cle is based was supported in part by 
grants from CURA’s Community Growth 
Planning Assistance Center (formerly the 

Community Growth Options program) 
and Faculty Interactive Research Program. 
The Community Growth Planning 
Assistance Center, which is funded by the 
McKnight Foundation, provides applied 
research and technical assistance to help 
growing communities on the edge of 
the Twin Cities metropolitan area man-
age growth and development effectively. 
The Faculty Interactive Research Program 
was created to encourage University of 
Minnesota faculty to conduct research 
with community organizations and col-
laborators on issues of public policy 

importance for the state and community. 
These grants are available to regular fac-
ulty at the University of Minnesota and 
are awarded annually on a competitive 
basis. Additional funding was provided by 
the Minnesota Pollution Control Agency 
and the Three Rivers Park District.

This research was the subject of 
Nicholas Olson’s master’s thesis, which 
can be downloaded as a PDF at  
www.cura.umn.edu/publications/catalog 
/e2010-1.

Note: Blue and green dots indicate high levels of permeability, whereas orange and red dots indicate low permeability .

Figure 3. Plot Comparisons of Preremediation and Postremediation Permeability (Ksat) at Maple Lakes Park, Maple Grove, MN

Preremediation Postremediation (Year 2)

Ksat (cm/hour)

0.3−0.9

1.0−2.9

3.0−9.9

10.0−29.9

30.0 or greater

Control Tilled Tilled and
Compost

Control Tilled Tilled and
Compost
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CURA Program and Staff Updates

The Community	Geographic	
Information	Systems	(CGIS) 
program recently hired research 

assistants Kristen	Murray, a master’s 
student in landscape architecture, and 
Gina	Hollinday, a master’s student 
in geographic information science, to 
assist with community-based mapping 
projects. Outgoing research assistant 
Jacob	Wascalus started a job with the 
Federal Reserve Bank of Minneapolis 
in early November. Jeff	Matson, CGIS 
coordinator, was invited to present 
“Using Data to Manage Neighborhood 
Change” at the Federal Reserve Bank of 
Minneapolis on October 28, “Tracking 
Community-level Outcomes” at the 
Opportunity Finance Network confer-
ence in Minneapolis on November 15, 
and “Mobilizing Grassroots Participa-
tion in Data-Driven Policy” at the 
Federal Reserve Bank of Richmond in 
Baltimore, Maryland, on December 7. 
Research from the CGIS program was 
also featured in the North Minneapolis 
Housing Market Index, a report produced 
by the Folwell Center for Urban Initia-
tives. The report can be found on the 
CURA website at www.cura.umn.edu 
/publications/catalog/h2011-1.

The Minnesota	Center	for	Neigh-
borhood	Organizing	(MCNO) received 
an Outstanding Community Partner 
Award from the University of Minne-
sota Office for Equity and Diversity for 
its Sunday Hmong tutoring program, 
which brings Hmong students to the 
University of Minnesota Twin Cities 
campus to work with tutors in a variety 
of subjects. Jay	Clark, MCNO program 
director, received a VISION award from 
Validating and Inspiring Successful 
Initiatives for Outreach and Network 
(V.I.S.I.O.N.) in September at the orga-
nization’s annual event honoring 
individuals, businesses, and organiza-
tions in service and leadership in the 
Hmong community. Clark was given 
the award in recognition of his many 
years of dedicated service to strengthen 
the Hmong community. On November 
10, Clark was an invited presenter at 
the Neighborhood Initiative Workshop 
in Grand Forks, North Dakota, leading 
a conversation about how Grand Forks 
might envision the community from its 
neighborhoods up. Margaret	Kaplan, 

MCNO operations director, attended the 
PolicyLink Equity Summit in Detroit, 
Michigan, in November, along with 
CGIS Program Coordinator Jeff	Matson 
and CURA Engagement Coordinator 
Sara	Bielawski. The three were among 
150 Minnesota delegates, many of 
whom plan to convene regularly in the 
Twin Cities to discuss how to apply 
the lessons and insights learned at the 
summit to their local work.

Neighborhood	Partnerships	for	
Community	Research	(NPCR) has been 
renamed the Kris Nelson Neighborhood 
Research Program in honor of NPCR’s 
longtime director, Kris	Nelson, who 
passed away in June. The program will 
continue to focus on enhancing the 
capacity of community-based organiza-
tions in the Twin Cities by providing 
access to research and technical 
resources available at local academic 
institutions. This September, Nelson 
was posthumously recognized for his 
work on behalf of neighborhoods and 
communities in the Twin Cities with an 
award for individual lifetime achieve-
ment and leadership in planning from 
the Minnesota Chapter of the American 
Planning Association.

The Community	Growth	Plan-
ning	Assistance	Center	(CGPAC) is 
finishing work on a two-year grant from 
the McKnight Foundation that funds 
its program activities, which support 
faculty and student research and tech-
nical assistance to help developing 
communities in the Twin Cities metro-
politan area grow more sustainably. 
Pending identification of new funding 
sources, the program will be on hiatus 
beginning in January. Mike	Greco, 
CGPAC director, presented outcomes 
from two CGPAC projects on municipal 
fiscal impact analysis and retrofitting 
suburban communities for sustain-
ability at the Minnesota Chapter of the 
American Planning Association Confer-
ence in St. Cloud in September. Greco 
also presented the CGPAC approach to 
sustainability education and community 
engagement at the Imagining America 
conference in Minneapolis in September 
and the Association for the Advance-
ment of Sustainability in Higher Educa-
tion (AASHE) conference in Pittsburgh 
in October.

Edward	Goetz, CURA director and 
Hubert H. Humphrey School of Public 
Affairs faculty member, received an 
award for outstanding contributions to 
postbaccalaureate, graduate, and profes-
sional education from the University of 
Minnesota in April. The award recog-
nizes faculty members for excellence 
in instruction, instructional program 
development, intellectual distinction, 
advising and mentoring, and involve-
ment of students in research, scholar-
ship, and professional development. 

Tom	Scott, professor emeritus in 
the Department of Political Science and 
director emeritus of CURA, received 
a 2011 University of Minnesota Presi-
dent’s Award for Outstanding Service. 
The award recognizes exceptional 
service to the University, its schools, 
colleges, departments, and service units 
by active or retired faculty or staff. 

Will	Craig, CURA associate director, 
was named a fellow of the University 
Consortium for Geographic Informa-
tion Science, a consortium of more 
than 70 U.S. universities that focuses 
on research and education related 
to geographic information systems. 
Craig also completed a final year on 
the board of directors of the National 
States Geographic Information Council 
as past president, and co-chaired the 
Outreach Committee that developed a 
2012 advocacy agenda for the council. 
He currently serves on the Minnesota 
Geospatial Information Office’s State-
wide Geospatial Advisory Council and 
chairs its Outreach Committee.

Esther	Wattenberg, CURA’s policy 
and program coordinator in family 
and child welfare, coordinated a series 
of reflective seminars for child-welfare 
supervisors and other practitioners this 
year. Topics have included “Trauma-
Informed Practice” (March 15), “Double 
Jeopardy—Depressed Mothers and Their 
Very Young Children: A Remarkable 
Prospect for Change” (June 15), and 
“Vulnerable Children in High-Risk Fami-
lies: Developing Protective Factors…
Messages from Resilience Research” 
(December 9).	For summaries and other 
materials from these seminars, visit 
www.cehd.umn.edu/ssw/cascw/events 
/past_events/.
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This year, more than one million 
U.S. workers will be kicked, 
pushed, punched, threatened, or 

otherwise victimized in the workplace. 
According to the Bureau of Justice, 1.7 
million U.S. employees suffer nonfatal 
workplace assaults annually.1 A 2006 
study of U.S. workers found that 41.4% 
of workers were psychologically victim-
ized at least once in the past year, and 
13% reported that they were victim-

1  D. Duhart, “National Crime Victimization Survey: 
Violence in the Workplace, 1993–1999,” U.S. 
Department of Justice, Bureau of Justice Statistics, 
2001, bjs.ojp.usdoj.gov/content/pub/pdf/vw99.pdf.

ized weekly.2 U.S. corporations lose 
an estimated $4.2 billion to $35.4 
billion a year—more than $1 million 
each day—in payments to employees 
injured by workplace violence.3 Workers 
injured by workplace violence lose more 

2  A.C.H. Schat, M.R. Frone, and E.K. Kelloway, 
“Prevalence of Workplace Aggression in the U.S. 
Workforce: Findings from a National Study,” in 
E.K. Kelloway, J. Barling, and J.J. Hurrell, Jr. (eds.), 
Handbook of Workplace Violence (Thousand Oaks, 
CA: Sage, 2006), pp. 47–89.
3  National Safe Workplace Institute and the 
Workplace Violence Research Institute, quoted in 
S. Kaufer and J.W. Mattman, The Cost of Workplace 
Violence to American Business (Palm Springs, CA: 
Workplace Violence Research Institute, 1998).

than 876,000 working days annually, 
resulting in more than $16 million 
in unearned wages.4 In 1992, Minne-
sota reported 344 nonfatal physical 
workplace assaults, estimated to cost 
businesses almost $5.9 million in 1996 
dollars.5

4  Centers for Disease Control and Prevention, 
National Institute for Occupational Safety and 
Health, “Violence in the Workplace: Risk Factors 
and Prevention Strategies,” 1996,  
www.cdc.gov/niosh/violcont.html.
5  P. McGovern et al., “The Cost of Work-Related 
Physical Assaults in Minnesota,” Health Services 
Research 35 (2000): 663–686.

Workplace Victimization among Healthcare 
Workers in Minnesota

by Jonathan E. Booth and Theresa M. Glomb
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Healthcare workers are exposed to victimization from coworkers and supervisors, as well as patients.
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Workplace victimization is a serious 
security concern that affects all types 
of workplaces. However, one large and 
fast-growing segment of the workforce 
is most severely affected: healthcare. 
Approximately 50% of nonfatal work-
place victimization occurs in nursing 
homes, hospitals, social-service settings, 
and long-term care environments. 
Healthcare workers such as nurses, aides, 
orderlies, and attendants are most at 
risk.6 The problem is worldwide; the 
World Health Organization reported that 
more than half of healthcare personnel 
in developing and transitional nations 
have reported experiencing at least one 
aggressive encounter in the past year.7 
Despite these high rates, the Occupa-
tional Safety and Health Administration 
(OSHA) says that workplace victimiza-
tion is underreported in healthcare 
environments because employees view 
victimization as “just part of the job.” In 
addition, victims may hesitate to report 
incidents because they perceive a lack of 
organizational support or fear they will 
be seen as poor performers.8 

With support from a CURA Faculty 
Interactive Research Program grant, we 
studied workplace victimization among 
Minnesota healthcare workers to deter-
mine its frequency and examine how 
healthcare workers appraise and cope 
with being victimized. We conducted 
two studies; the first considered victim-
ization in general and the second 
considered specific incidents. In Study 
1, we examined nursing-home workers’ 
general experiences of being victim-
ized by patients and residents and how 
workers emotionally and cognitively 
appraise and cope. In Study 2, we asked 
healthcare workers to provide details 
about how they appraised and coped 
with the most egregious aggressive event 
they experienced in the past year. We 
did not restrict perpetrators to patients 
and residents as in Study 1. Rather, 
we looked specifically at what events 
healthcare workers viewed as egregious 
and who committed the victimization.

6  Bureau of Labor Statistics (BLS), National Census 
of Fatal Occupational Injuries in 2003 (Washington, 
D.C.: Department of Labor, BLS, 2004); Centers for 
Disease Control and Prevention, National Institute 
for Occupational Safety and Health, “Violence in 
the Workplace,” 1996.
7  World Health Organization, “New Research Shows 
Workplace Violence Threatens Health Services,” 
May 10, 2002, www.who.int/mediacentre/news 
/releases/release37/en/index.html.
8  Occupational Safety and Health Administration, 
Guidelines for Preventing Workplace Violence for 
Healthcare and Social Service Workers (Washington, 
D.C.: U.S. Department of Labor, OSHA, 2004).

Study 1: General Healthcare Workplace 
Victimization from Patients and 
Residents
Study 1 was motivated by conversa-
tions we had with union leadership that 
identified patient-instigated abuse as a 
growing concern for the unions’ health-
care members. To better understand the 
healthcare workers’ predicament (i.e., 
being harmed while providing care) 
and to inform the design of our survey 
instrument, we conducted focus groups 
with unionized nursing staff from 
assisted-living facilities and nursing 
homes. These discussions provided 
insight into the prevalence of patient-
instigated abuse and its impact on the 
workers. In addition, we discerned the 
types of behaviors frequently encoun-
tered by workers. From the healthcare 
workers’ stories, we gained knowledge 
about their emotional reactions and 
cognitive interpretations of the events, 
their coping strategies to manage their 
victimization, and their perceptions of 
workplace conditions that exacerbated 
or buffered their negative experiences 
and reactions. Using this qualitative 
information, we constructed a survey 
instrument using validated and reliable 
response scales to administer to the 
broader union population. 

Participants and Method. Partici-
pants in Study 1 were unionized health-
care workers (RNs, LPNs, nursing aides, 
and other direct-care personnel) engaged 
in the direct care of patients or resi-
dents at 49 metropolitan and suburban 
healthcare facilities in Minnesota. Two 
unions that represent these workers 
provided access: Union A provided 1,002 
healthcare employees in 22 facilities, 
and Union B provided 1,636 healthcare 
employees in 28 facilities (in one facility, 
both unions represented workers). We 
mailed surveys to the homes of Union 
A members; Union B representatives or 
stewards hand-delivered surveys to the 
employees at the workplace. 

A total of 575 completed surveys 
were mailed back (25.7% response 
rate for Union A members and 19.4% 
response rate for Union B). Union 
leaders told us that internal surveys 
regarding important collective 
bargaining issues typically get a 15–18% 
response, which suggests the response 
to our study was marginally better than 
expected. We eliminated 22 surveys 
because of inadequate responses, leaving 
us with a sample of 553 participants 
from 49 facilities. Our final sample was 
2.5% RNs, 18.3% LPNs, 76.1% nursing 
aides, and 3.1% other direct-care 

workers. The sample was 84.8% Cauca-
sian and 92.2% female, with a mean 
age of 42.3 years and mean employer 
and union tenure of 9.5 years. From 
union data, we know that demographics 
related to race and gender for our 
sample were approximately representa-
tive of the population. 

Results. This section briefly summa-
rizes results from the survey related 
to five areas: victimization behaviors, 
conditions of work, victimization 
perceptions, victimization appraisals, 
and coping strategies.

Victimization Behaviors. Table 1 
displays the psychological and physical 
victimization that healthcare workers 
reported that patients and residents 
inflicted on them in the past six 
months. Most of our participants (80%) 
experienced at least one of the 11 
behaviors at least once during the past 
six months. This rate is substantially 
higher than the figures for the United 
States cited earlier, most likely because 
that study included all occupations, 
some of which have low base rates, 
whereas the current study includes only 
healthcare occupations, which have 
higher base rates of victimizations. In 
Study 1, the most frequent victimiza-
tions reported were that patients and 
residents “yelled or raised their voice 
at me,” “hit, kicked, slapped, grabbed, 
shoved, pushed, or punched me,” and 
“used hostile body language.” Less 
frequent were reports that patients or 
residents “threatened me” or “threw an 
object or something at me,” but these 
reports still exceeded 30%, indicating 
that victimization is pervasive in these 
environments. 

Conditions of Work. In addition 
to examining whether victimization 
behaviors occurred, we also examined 
how frequently they occurred (never, 1–4 
times during the past six months, 1–4 times 
monthly, or at least once weekly or more) 
and the conditions of work that related 
to this frequency. One condition likely 
to influence victimization frequency is 
the amount of time an employee works 
with patients or residents who have 
neurological or psychological disorders. 
The workers were asked to indicate how 
often they worked with these patients. 
Workers who experienced victimiza-
tion 1–4 times monthly and once weekly 
or more worked significantly more often 
with patients or residents with cognitive 
or emotional disabilities than did those 
workers who reported experiencing 
victimization never or 1–4 times during 
the past six months (Table 2). 
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We also considered whether the 
workers participating in our study 
reported that their employers follow 
OSHA standards concerning workplace 
violence/aggression. OSHA has eight 
suggested standards, including employers 
should have a zero-tolerance policy for 
violence/aggression, employers should 
identify types of behaviors prohibited in 
the workplace, employers should provide 
violence/aggression prevention training, 
and employers should have reporting 
systems in place. We found that the less 
likely respondents were to report OSHA 
standards were being followed in their 
workplace, the more victimization was 
reported, especially for those reporting 
being victimized by patients or residents 
at least once weekly or more (Table 2). 
This finding suggests that victimizations 
may be more likely in facilities that 
fail to comply with OSHA’s suggested 
standards; however, our preliminary 
results must be interpreted with caution, 
because we are measuring respondents’ 
awareness of policies and not actual 
implementation. 

Victimization Behaviors† Experienced at 
Least Once in the Past Six Months

Number Reporting
Behavior
(N = 553)

Pct. 
Reporting 
Behavior

Yelled or raised their voice at me 390 70 .5%

Hit, kicked, slapped, grabbed, shoved, 
pushed, or punched me

355 64 .2%

Used hostile body language 321 58 .0%

Interrupted me or “cut me off” while speaking 304 55 .0%

Insulted, criticized me 288 52 .1%

Cursed or swore at me 271 49 .0%

Physically assaulted me 214 38 .7%

Made an obscene comment 199 36 .0%

Spat on or bit me 198 35 .8%

Threatened me 183 33 .1%

Threw an object or something at me 170 30 .7%

Table 1. Patient/Resident-Instigated Victimization Against Healthcare Workers, Study 1

† The response scales and items were adapted from K . Aquino, M . Bradfield, and D .G . Allen, “The Effects of 
Negative Affectivity, Hierarchical Status, and Self-Determination on Workplace Victimization,” Academy of 
Management Journal 42 (1999): 260–272; T .M . Glomb and H . Liao, “Interpersonal Aggression in Work Groups: 
Social Influence, Reciprocal, and Individual Effects,” Academy of Management Journal 46 (2003): 486–496; and 
K . Rogers and E .K . Kelloway, “Violence at Work: Personal and Organizational Outcomes,” Journal of Occupational 
Health Psychology 2 (1997): 63–71 .

Frequency of Victimization Instigated by Patients/Residents in the Past Six Months

Never

1–4 times 
during 
past six 
months

1–4 times 
monthly

At least 
once 

weekly or 
more

Work Conditions

Time working with 
neurological/psychological 
disorders

3 .198
(1 .576)

3 .664
(1 .253)

a** 4 .075
(1 .156)

a**,b** 4 .114
(1 .043)

a**,b*

Employer follows OSHA 
standards

2 .533
(0 .620)

2 .426
(0 .554)

2 .310
(0 .593)

a** 2 .104
(0 .706)

a**,b**

Victimization Perceptions

Attribution: “I am a victim” 1 .585
(0 .885)

2 .199
(1 .119)

a** 2 .975
(1 .270)

a**,b** 3 .802
(1 .100)

a**,b**,c**

Being targeted: “Part of my 
job”

1 .714
(1 .054)

2 .583
(1 .360)

a** 3 .446
(1 .338)

a**,b** 4 .021
(1 .101)

a**,b**,c*

Table 2. Healthcare Workers’ Perceptions of Work Conditions and Victimization Perceptions by Victimization Frequency 
Categories, Study 1

For tests of significance, a = column mean comparison to Never, b = column mean comparison to 1–4 during past six months, c = column mean comparison to 1–4 times monthly . 

*  significant at the 0 .05 level (p < 0 .05), meaning there is a less than 5% probability that the difference between the means is a result of chance .

**  significant at the 0 .01 level (p < 0 .01), meaning there is a less than 1% probability that the difference between the means is a result of chance . 

Note: The data reported here are means; the values in parentheses are standard deviations from the mean . Time working with neurological/psychological disorders 
was rated on a five-point scale, where 1 = 0–20% of the time, 2 = 20–40% of the time, 3 = 40–60% of the time, 4 = 60–80% of the time, and 5 = 80–100% of the time . 
Employer follows OSHA standards was rated on a three-point scale for each of the eight OSHA standards, where 0 = policy does not exist in the workplace, 1 .5 = unsure if 
policy exists in the workplace, and 3 = policy is in place in the workplace. Victimization Perception items were rated on a five-point scale, where 1 = strongly disagree and 5 
= strongly agree . Coping items and categories were drawn from D .E . Knapp et al ., “Determinants of Target Responses to Sexual Harassment: A Conceptual Framework,” 
Academy of Management Review 22 (1997): 687–729; C .S . Carver, “You Want to Measure Coping but Your Protocol’s Too Long: Consider the Brief COPE,” International Journal 
of Behavioral Medicine 4 (1997): 92–100; and S .A . Wasti and L .M . Cortina, “Coping in Context: Sociocultural Determinants of Responses to Sexual Harassment,” Journal of 
Personality and Social Psychology 83 (2002): 394–405 .
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Victimization Perceptions. As 
expected, individuals were increasingly 
likely to agree that they were a victim 
as their victimizations became more 
frequent. However, workers who reported 
frequent victimizations by patients 
or residents were also more likely to 
perceive that the victimizations were 
“just part of my job” (Table 2). Interest-
ingly, even though frequent victimiza-
tion correlated with workers being more 
likely to view themselves as victims, they 
also seemed to view the victimization 
as an extension of their tasks, perhaps 
because they are providing care to 
patients who “can’t help it.” This finding 
provides support for OSHA’s assessment 
that healthcare workers tend to accept 
and expect being targeted.

Victimization Appraisals. Stress 
theory suggests that individuals will be 
upset by events only if they appraise 
the events as being stressful. Individuals 
appraise victimization on several dimen-
sions, including whether they have been 
harmed, whether the event poses long-
term consequences, or whether they 
can learn or grow from the challenge. 
Given the perception by healthcare 
workers in our study that victimization 
may be just part of the job, we wanted 
to understand how workers appraise 
incidents and how their appraisal 
changes as victimization frequency 
increases. Using a five-point scale, we 
asked workers to identify the extent to 
which they experienced the following 
after encountering patient/resident-
instigated victimizations during the past 

six months: harm emotional appraisals 
(angry, disappointed, disgusted, guilty, 
and sad); threat emotional appraisals 
(anxious, fearful, and worried); and chal-
lenge emotional appraisals (confident, 
eager, and hopeful). Harm and threat 
emotional appraisals were significantly 
different across victimization frequency 
categories; as victimization frequency 
increased, workers’ feelings of harm 
and threat were exacerbated to more 
moderate levels. However, this differ-
ence in feelings was not seen for chal-
lenge emotional appraisals, which were 
similar across victimization frequency 
categories, indicating that workers expe-
rienced challenge emotions a little of 
the time regardless of the frequency of 
victimization (Figure 1). This finding is 
likely a result of workers’ perceptions 
that victimization is a part of their job, 
and that they are confident and hopeful 
that they can resolve the situations 
when confronted with them.   

Coping Strategies. We asked workers 
to indicate, from among 12 categories 
of coping activities, the extent to which 
they used specific coping strategies 
when managing their victimization 
exposures. The workers surveyed used 
three strategies most frequently: accep-
tance (an emotion-focused approach; 
e.g., accepting that victimization 
happens); seeking social support (a 
hybrid emotion/problem-focused orien-
tation; e.g., talking to coworkers for 
understanding and support); and avoid-
ance/denial mechanisms (an emotion-
focused approach; e.g., avoiding being 

alone or interacting with the instigator, 
discounting the importance of the 
event, or trying to forget). The avoid-
ance/denial finding is particularly 
intriguing. Healthcare organizations 
should note that part of avoidance/
denial coping is often avoiding the 
perpetrator who, in this context, is 
the patient or resident. With reduced 
contact, the patient or resident may 
receive inadequate care. 

Comparing coping activities across 
victimization frequency levels, workers 
who experienced patient/resident 
victimization 1–4 times a month or more 
were significantly more likely to adopt 
emotion-focused coping styles—humor, 
substance use, and giving up—compared 
with workers who experienced such 
victimization less often (Table 3). These 
emotionally driven coping styles may 
be useful to the worker, but might be 
harmful to the organization in the 
long term, as they do not address the 
problem of victimization. Emotion-
focused coping styles are reactive rather 
than proactive, dealing with the effects 
of victimization and not the source. 
The problem-focused coping mecha-
nism of confronting and negotiating 
significantly differed across victimiza-
tion frequency, but this difference was 
seen only when exposures were at least 
once weekly or more. It appears that 
healthcare workers willingly pursue 
greater corrective interaction only when 
victimization experiences are frequent. 
Surprisingly, likeliness to seek organiza-
tional advocacy was only significantly 
different when comparing those who 
never experience victimization to those 
who report being victimized 1–4 times 
during the past six months, and did not 
become more likely when victimization 
was more frequent. Perceptions that 
negative interactions are part of the job 
may explain these findings. Further-
more, workers may not seek organi-
zational advocacy if they feel their 
employers will see them as providing 
inadequate care or performing poorly.

Study 2: Specific Healthcare Workplace 
Victimization Incident Reports
Individuals may appraise and cope very 
differently when they suffer general 
victimization than when they are faced 
with a specific, egregious event. In Study 
2, we sought to answer the following 
questions: What egregious, aggressive 
incidents do healthcare workers experi-
ence? Who are the instigators? How do 
workers emotionally and cognitively 
appraise such events? How do they cope? 

Note: Appraisals were rated on a five-point scale, where 1 = not at all, 2 = a little, 3 = a moderate amount, 4 = quite a 
bit, and 5 = a great amount . The figure shows the mean of all responses within each victimization frequency category .

Figure 1. Healthcare Workers’ Emotional Appraisals of Patient/Resident-Instigated 
Victimizations, Study 1
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To answer these questions, we asked the 
healthcare workers participating in our 
survey to select the most egregious event 
they could recall from the past year and 
to explain the event, their appraisals, and 
their coping strategies. 

Participants and Method. So as 
not to conflate results of our investiga-
tions of general and specific victimiza-
tion experienced, this study used a 
different sample than Study 1. For this 
study, 1,150 healthcare workers from 
two unions not surveyed in Study 1—
one representing northern Minnesota 
workers and the other representing 
southeastern Minnesota workers—were 

randomly selected to receive the survey 
by mail. The survey asked workers to 
identify the most egregious instance of 
victimization and report in detail on 
that encounter. Of the 1,150 surveys 
mailed, 202 were returned, a response 
rate of approximately 18%. We elimi-
nated 10 surveys because of problem-
atic responses, leaving us with 192 
usable surveys. The sample was 97% 
Caucasian and 91% female, with a 
mean age of 40.9 years, mean employer 
tenure of 9.9 years, and mean union 
tenure of 6.4 years. From union data, 
we know that demographics related to 
gender and race for our sample were 

approximately representative of the 
population; the unions did not provide 
mean age and employer tenure for 
comparison purposes. Unlike Study 1, 
which included only healthcare workers 
who were engaged in direct care of 
patients, Study 2 investigated a range of 
healthcare professionals; 48% worked 
in the nursing department, 34% were 
technicians (e.g., radiology or surgical), 
and 18% were other direct-care workers. 
Most respondents (71.2%) worked 
directly with patients at least 60% of 
each day.

Results. This section briefly summa-
rizes results from the survey related to 

Frequency of Victimization Instigated by Patients/Residents in the Past Six Months

Coping Styles Never

1–4 times 
during past 
six months

1–4 times 
monthly

At least once 
weekly or 

more

Avoidance and denial 2 .705
(1 .007)

2 .846
(0 .888)

2 .976
(0 .875)

a* 3 .143
(0 .883)

a*,b*

Seek social support 2 .905
(1 .164)

3 .211
(1 .061)

a* 3 .407
(1 .073)

a** 3 .211
(0 .917)

Confront and negotiate 2 .505
(1 .172)

2 .536
(1 .074)

2 .660
(1 .204)

2 .980
(1 .181)

a*,b**

Seek organizational advocacy 2 .609
(1 .227)

2 .367
(0 .985)

a* 2 .424
(0 .962)

2 .626
(1 .075)

Humor 1 .675
(0 .860)

1 .778
(0 .925)

2 .265
(1 .122)

a**,b** 2 .327
(1 .107)

a**,b**

Self-distraction 2 .490
(1 .146)

2 .539
(0 .963)

2 .890
(0 .999)

a**,b** 2 .735
(0 .947)

Religion 2 .434
(1 .460)

2 .313
(1 .282)

2 .385
(1 .302)

2 .204
(1 .326)

Substance use 1 .245
(0 .647)

1 .588
(0 .959)

a** 1 .845
(1 .220)

a**,b* 1 .949
(1 .320)

a**,b*

Give up on coping 1 .495
(0 .791)

1 .653
(0 .780)

1 .950
(0 .947)

a**,b** 2 .156
(0 .957)

a**,b**

Venting 1 .990
(0 .864)

2 .214
(0 .909)

a* 2 .300
(0 .945)

a* 2 .551
(0 .948)

a**,b*

Self-blame 1 .495
(0 .751)

1 .674
(0 .773)

a* 1 .795
(0 .919)

a* 2 .051
(1 .174)

a**,b**

Acceptance 2 .668
(1 .121)

3 .032
(1 .018)

a** 3 .270
(1 .083)

a**,b* 3 .276
(1 .016)

a**

Table 3. Healthcare Workers’ Coping Activities by Victimization Frequency Categories, Study 1

For tests of significance, a = column mean comparison to Never, b = column mean comparison to 1–4 times during past six months .

*  significant at the 0 .05 level (p < 0 .05), meaning there is a less than 5% probability that the difference between the means is a result of chance .

**  significant at the 0 .01 level (p < 0 .01), meaning there is a less than 1% probability that the difference between the means is a result of chance . 

Note: The data reported here are means; the values in parentheses are standard deviations from the mean . Items were rated on a five-point scale, where 1 = I don’t do this at 
all and 5 = I do this a lot . Coping items and categories were drawn from D .E . Knapp et al ., “Determinants of Target Responses to Sexual Harassment: A Conceptual Framework,” 
Academy of Management Review 22 (1997): 687–729; C .S . Carver, “You Want to Measure Coping but Your Protocol’s Too Long: Consider the Brief COPE,” International Journal 
of Behavioral Medicine 4 (1997): 92–100; and S .A . Wasti and L .M . Cortina, “Coping in Context: Sociocultural Determinants of Responses to Sexual Harassment,” Journal of 
Personality and Social Psychology 83 (2002): 394–405 .
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four areas: instigator characteristics, 
victimization behaviors, appraisals of 
specific victimization incident, and 
coping strategies.

Instigator Characteristics. Workers 
reported that the most egregious inci-
dents they experienced were instigated 
by supervisors or other persons in 
authority (27%), coworkers (46%), or 
patients or residents (27%). Of the cases 
related to supervisors or other persons 
in authority, approximately 20% of the 
participants indicated the instigator was 
a physician or surgeon with whom the 
healthcare employee works, but is not 
their direct supervisor. Instigators were 
most often women—63% for supervisor 
or other authority, 88% for coworker, and 
56% for patient or resident instigator. 
These figures regarding female supervi-
sors and coworkers being more frequent 
instigators are not surprising given that 
the healthcare workforce is predomi-
nantly female. Our results do not provide 
any insight into why more women were 
reported as instigators in the patient or 
resident category. However, it is impor-
tant to note that the specific incidents 
that were reported should not be inter-
preted as representative of the victimiza-
tion experienced by healthcare workers 
because we asked them about the most 
egregious event they had experienced. 

Given that the sample is heavily 
dominated by women (consistent with 
the general population of unionized 
healthcare workers in the Midwest), 
we also examined the gender match/
mismatch between the instigator and 
the victim. Among the 173 female 
workers reporting workplace victimiza-
tion in the sample, females were insti-
gators (matched gender interaction) in 
74 of the 84 coworker encounters, 26 
of the 46 supervisor/authority encoun-
ters, and 26 of the 43 patient/resident 
encounters. Among the 17 male workers 
in the sample, females were instigators 
(opposite gender interaction) in 1 of the 
3 coworker encounters, 3 of the 6 super-
visor encounters, and 5 of the 8 patient/
resident encounters. This finding calls 
for further inquiry as to whether gender 
differences or negative gender dynamics 
may evoke egregious events—especially 
when events involve patients or super-
visors. We also asked about age and 
race differences. For all three instigator 
types, instigators were generally older; 
approximately 52% reported “older than 
I am” for both supervisor and coworker 
incidents, whereas 73% indicated 
“older than I am” for patient incidents. 
For approximately 80% of incidents, 

instigators and targets were of the same 
race.

Victimization Behaviors. Similar to 
Study 1, we asked workers to indicate 
victimization behaviors they encoun-
tered during the egregious event by indi-
cating yes or no to each type of behavior 
listed. We then classified victimization 
behaviors as psychological (17 items) 
or physical (11 items) victimization 
and identified the five most frequently 
reported behaviors, by instigator type 
(Tables 4 and 5). 

Across instigator types, almost all 
cases involved at least one psycho-
logical aggression behavior. Psycho-
logical aggression by patients/residents 
was reported in 94% of the events, by 
coworkers in 93% of events, and by 
supervisors/persons in authority in 100% 
of the events. The physical aggression 
results are perhaps the most surprising. 
When coworkers instigated egregious 
events, 13% of the workers reported at 
least one physical aggression behavior. 
For supervisor-instigated cases, this rate 
of physical aggression was twice that 
(27%) of coworker-instigated events. 

However, with patients/residents, it was 
far worse—almost five times the rate 
(62%) of coworker events. The differ-
ences in physical aggression rates across 
instigator type may be explained by who 
possesses power. Individuals may avoid 
physically attacking others who have 
equal or greater power; in the case of the 
supervisor or patient, one might argue 
that the instigator has greater power 
than the healthcare worker. Although 
neurological/psychological disorders may 
explain much of patient-instigated phys-
ical aggression, patients may also have a 
semblance of power because they are the 
customer and are not required to recipro-
cate the helpful and nurturing behaviors 
that they are receiving under the care of 
healthcare professionals. Further, Minne-
sota’s Vulnerable Adult Act protects the 
interests of patients and may provided 
latitude for patients to engage in aggres-
sive behavior with protection. 

Appraisals of Specific Victimization 
Incident. We investigated the mean level 
of harm and threat emotional appraisals 
that healthcare workers reported, by 
instigator type. We used the same harm 

 
Pct. of 

Incidents

Supervisor/Person in Authority

Made me look bad 71%

Insulted, criticized me 67%

Interrupted me while speaking 61%

Yelled or raised their voice at me 55%

Made angry gestures at me 51%

Coworker

Insulted, criticized me 66%

Avoided me 61%

Made me look bad 60%

Gave me the silent treatment 59%

Interrupted me while speaking 49%

Patient/Resident

Yelled or raised their voice at me 87%

Made angry gestures at me 71%

Interrupted me while speaking 69%

Swore at me 67%

Insulted, criticized me 64%

Table 4. Top Five Psychological Aggressions by Instigator Type, Study 2
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and threat emotional appraisal scales as 
described in Study 1. Workers felt the 
egregious incidents involving supervisors 
and coworkers were much more harmful 
than patient incidents. In fact, partici-
pants indicated experiencing moderate 
levels of harm on average for super-
visor- and coworker-instigated incidents, 
whereas participants indicated experi-
encing only a little harm on average for 
patient-instigated incidents. Mean harm 
levels for supervisor- and coworker-
instigated incidents were significantly 
different from the mean experience for 
patient-instigated incidents. Healthcare 
workers may perceive they have much 
more to lose from negative interactions 
with colleagues; however, with patients, 
they perceive those interactions as 
just part of the job. The mean level of 
threat emotions experienced was very 
similar for both patient- and coworker-
instigated incidents. On average, workers 
indicated experiencing a little threat 
for coworker and patient incidents, 
compared with moderate levels of threat 
for supervisor incidents. The higher 
mean threat levels for supervisor inci-
dents were significantly different from 
the threat experiences for incidents 
instigated by coworkers and patients. 
Workers may be worried about long-term 
consequences when their supervisors—
who have power and authority over 
them—are targeting them. 

Healthcare workers were also asked 
to think of the egregious event and their 
primary cognitions of the incident—that 
is, appraisals of what is at stake after the 
event occurred—by rating the incident 
on a series of items that capture how 
the victim perceives the event impacted 
them and their work. Using a five-point 
scale, workers responded to 24 items 
grouped into five categories: unjust/
unsupportive workplace (e.g., felt a 
sense of injustice, not getting enough 
support); harm/threat to self-esteem 
(e.g., lost respect from someone close 
to me, felt embarrassed); work task/goal 
barrier (e.g., not able to achieve goals 
at work); would be perceived as a diffi-
cult person (e.g., concerned they might 
appear to be difficult to get along with); 
and harm/threat to safety and well-
being (e.g., felt threatened, felt a sense 
of harm to health, safety, and physical 
well-being) (Figure 2). When exposed to 
supervisor- or coworker-instigated events, 
workers’ two most frequent perceptions 
were that the workplace was unjust and 
unsupportive and that the incident had 
harmed or threatened their self-esteem. 
The third most frequent concern from 

 
Pct. of 

Incidents

Supervisor/Person in Authority

Made threats against me 14%

Threw an object at me 6%

Assaulted me with a weapon/dangerous object 4%

Threatened me with physical violence 4%

Damaged my property 2%

Coworker

Made threats against me 7%

Slammed a door in my face 5%

Hit, kicked, grabbed, shoved, or pushed me 2%

Physically assaulted me 2%

Threatened me with physical violence 2%

Patient/Resident

Hit, kicked, grabbed, shoved, or pushed me 40%

Threatened me with physical violence 40%

Made threats against me 39%

Physically assaulted me 37%

Spat on or bit me 25%

Table 5. Top Five Physical Aggressions and Threats of Physical Aggression by 
Instigator Type, Study 2
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Although workplace victimization occurs in all types of workplaces, approximately 
50% of nonfatal workplace victimization incidents occur in healthcare settings. 
In this study, 80% of healthcare workers experienced at least one victimization 
incident during the past six months.
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those targeted by supervisors was about 
how the event would harm or threaten 
their safety and well-being, whereas 
for those who experienced coworker-
instigated victimizations, it was being 
perceived as a difficult person by other 
colleagues. The findings were somewhat 
different for patient/resident-instigated 
events. Workers more frequently experi-
enced appraisals related to anxiousness 
about personal safety/well-being and 
self-esteem. They also felt patient aggres-
sion was a barrier to accomplishing work 
tasks. 

We also investigated victims’ 
secondary cognitive appraisals—that is, 
assessments of what they could do after 
the event had occurred. Using a five-
point scale, the items assessed whether 
workers believed they could change or do 
anything about the victimization, their 
actions were constrained, they would 
have to accept and get used to it, or the 
event is just part of the job (Figure 3). 

As agencies such as OSHA have 
suggested, healthcare workers perceive 
that being victimized by patients is an 
aspect of their work. Our findings rein-
force this idea. Compared with incidents 
instigated by coworkers and supervisors, 
incidents with patients were perceived 
as part of one’s job and thus task related. 
Workers also were more inclined to accept 
the incident and get used to it when the 
instigator was a patient or a supervisor. 
This is understandable given that supervi-
sors and patients have power and influ-
ence over them. Coworkers generally 
have equivalent power, so workers may 
feel that they need not tolerate the poor 
treatment. This observation is further 
supported by the “constrained action” 
results; those experiencing supervisor-
instigated events tended to think that 
they could not react. It is possible that 
when workers feel that their actions and 
resources are constrained, getting used 
to negative treatment and accepting that 
the incidents happen may be the most 
likely response.

Coping Strategies. We used items 
from C.S. Carver’s brief COPE scale to 
measure 14 coping dimensions.9 These 
14 dimensions fall into three broader 
coping categories: problem-focused 
(taking or planning action), emotion-
focused (acceptance, denial, venting, 
humor), and social-support seeking. 
We asked workers to indicate their use 

9  C.S. Carver, “You Want to Measure Coping 
but Your Protocol’s Too Long: Consider the Brief 
COPE,” International Journal of Behavioral Medicine 4 
(1997): 92–100.

Note: Secondary appraisals were rated on a five-point scale, where 1 = not at all and 5 = very much . The figure 
shows the mean of all responses . Analysis indicated the means across instigator categories were significantly 
different for the “just part of the job,” “accept incident,” and “constrained action” secondary cognitive appraisals 
(p < 0 .01, meaning there is a less than 1% probability that the difference between the means is a result of 
chance), but not for the ”could change/do something”  appraisal .

Figure 3. Healthcare Workers’ Secondary Cognitive Appraisals by Instigator Type, 
Study 2

1 2 3 4 5

Constrained action

Could change/do 
something

Accept incident/get 
used to it

Just part of job

Mean Response

Patient/resident Coworker Supervisor/person in authority

Note: Appraisals were rated on a five-point scale, where 1 = not at all and 5 = a great deal . The figure shows the 
mean of all responses . With the exception of cognitions related to the event being a barrier to one’s tasks/goals, 
analysis indicated that the means of the other primary cognitive appraisals were significantly different across 
instigator categories (p < 0 .05, meaning there is a less than 5% probability that the difference between the means 
is a result of chance) .

Figure 2. Healthcare Workers’ Primary Cognitive Appraisals by Instigator Type, 
Study 2
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of coping mechanisms on a four-point 
scale. The three most frequently reported 
coping mechanisms were the same 
across instigator type: they accepted the 
events (e.g., I accepted that it happened), 
actively coped (e.g., I tried to make the 
situation better), and sought emotional 
support from others (Figure 4). The 
means for the top three strategies were 
not statistically significantly different 
across the instigator categories. These 
results illustrate that, although health-
care workers may be constrained in 
finding remedies, they find (or attempt 
to find) some resolution to better 
manage the victimization event. 

Workplace and Public-Policy 
Implications
Results from these two studies have 
clear policy implications. Healthcare 
workers are highly susceptible to work-
place victimizations and report these 
incidents as threatening and harmful, 
regardless of whether the instigator 
is a patient, coworker, or supervisor. 
Although experiencing supervisor- and 
coworker-instigated victimization is 
possible for any employee in any occu-
pation, healthcare is a unique context in 
which an additional potential instigator 
exists: patients who may attack while 
receiving care and assistance. Health-
care is also unlike other occupations 
in which workers find themselves the 
targets of customer aggression, such as 
retail or customer service. In a healthcare 
context, the worker-patient relationship 
may be long term over years (such as in 
a nursing home) or weeks (such as in a 
hospital) and have higher stakes because 
the care of the patient is on the line. 
In addition, the patient often is strug-
gling with physical or mental discom-
fort. Further, unlike most employees in 
customer-service settings, healthcare 
workers often see their job as a calling. 
These characteristics, coupled with the 
frequency of victimization, make health-
care a particularly taxing work context.

Yet, as both studies show, healthcare 
workers often perceive that victimiza-
tions by patients are just part of the 
job. Framing incidents as routine or 
expected may cloud their judgment 
and eventually limit their ability to 
report incidents and seek organizational 
advocacy. It also may lead to ineffective 
coping options because, when the inci-
dents are framed as routine, they do not 
require proactive strategies to mitigate 
negative effects. Thus, multiple parties 
may be harmed by victimization in 
the healthcare workplace. The workers 

themselves may engage in unhealthy 
coping strategies, such as alcohol use or 
self-blame and self-criticism. Workers 
may avoid the patients who instigate 
the event and thus receive compromised 
care. The healthcare organizations may 
suffer because employees do not report 
incidents or engage proactively to 
change the work environment. 

Because of the complexity of the 
issue and the multiple parties involved, 
solutions are complex and must involve 
strong direction from healthcare orga-
nizations. We recommend a threefold 
approach. First, efforts must be made to 
reduce victimization from all sources. 
Although patient victimization was 
our focus in Study 1, and Study 2 only 
provides information about egregious 
incidents, it is clear that healthcare 
workers are exposed to victimization 
from all sides. As our results demonstrate, 
victimization is frequent, both physical 
and psychological in nature, and often 
severe. Organizations might attempt to 
identify the characteristics that precipi-
tate victimization from patients through 
careful study of such incidents. Certain 
types of patients, environments, or 
situational factors may play key roles 
in victimization. In our study, patients 
with neurological disorders were more 
frequent instigators. Other factors—
such as patients on certain medica-
tions, patients in severe pain, patients 
who undergo excessive procedures or 
experience excessive wait times, etc.—
might make a patient more likely to be 

aggressive. If so, these findings could 
point to operational solutions for care 
that are patient-centered. However, to 
study these factors, one must first ensure 
that incidents are reported.  

Second, organizations must find 
ways to increase reporting of incidents, 
either through changes in policy or the 
work environment. Our results suggest 
that reporting of victimization incidents 
could be improved. We asked workers 
“in general” whether they report victim-
izations and whether “in general” their 
employer investigates these incidents. 
Of the 191 workers who responded, 75% 
indicated they report victimization and 
53% indicated that the employer gener-
ally investigates the reports. However, 
when we asked participants whether 
they reported their most egregious event 
from the past year, only 46% (87 of 
189) said that they had. Of the 87 who 
reported events, 50 (58%) said that their 
employer investigated the incident, 38 
(44%) believed that their employer dealt 
with the instigator so that the episode 
would not occur again, and 32 (37%) 
felt that the employer took sufficient 
actions to resolve the situation. 

These findings illustrate that, 
although healthcare workers say they 
report victimizations, when it comes 
to reporting the most egregious events, 
fewer actually do so. Employers who 
have no or asymmetric information 
will remain unaware of situations and 
cannot respond adequately. Moreover, 
of workers who reported incidents, 

Note: Coping strategies were rated on a four-point scale, where 1 = did not do this at all and 4 = I did this a lot . The 
figure shows the mean of all responses . Analysis indicated that the means within each coping category were not 
significantly different across instigator categories . 

Figure 4. Healthcare Workers’ Top Three Coping Strategies Used Following the 
Specific Incident, Study 2 

1 2 3 4

Seek emotional 
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Active coping
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coping
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approximately 60% were dissatisfied 
with their employer’s response. The onus 
initially may be on the employee to 
report an incident, but employers must 
create a context conducive to reporting 
and ensure that they provide appropriate 
remedies for all involved parties. As 
employee advocates, unions might serve 
as a liaison to facilitate reporting. 

Third, organizations must foster posi-
tive coping strategies among their workers 
when victimization does occur. Workers 
participating in our study reported 
various coping strategies. Although both 
studies showed that acceptance and social 
support are coping options, our findings 
are inconclusive as to whether workers 
effectively use proactive coping styles. 
Evidence from our studies indicates that 
in response to specific egregious events, 
healthcare workers felt constrained in 
their attempts to cope (especially with 
patients and supervisors) even if they tried 
to be more action-oriented in coping. This 
feeling may be exacerbated for those who 
generally use avoidance/denial coping 
with patients (Study 1). Although more 
frequent exposure to patient victimiza-
tion may have a numbing effect on the 
healthcare worker, avoidance as a coping 
strategy may result in minimal contact 
with aggressive patients/residents, which 
may in turn lead to minimal or inad-
equate care for these patients/residents. 
Thus, it is in the best interest of healthcare 
organizations not only to reduce victim-
ization, but also to ensure that the care 
provided is not compromised through 
deleterious avoidant coping strategies. 

Healthcare organizations also need 
to be concerned about coping strate-
gies that, although they occur less 
frequently, potentially harm employees 
and ultimately harm patients. Specifi-
cally, in Study 1, we found that at high 
victimization frequencies, workers were 
more inclined to abuse substances or give 
up on coping. These coping strategies 
potentially may devolve into maladap-
tive spirals for employees and organiza-
tions. Hence, employers need to closely 
monitor victimizations and establish poli-
cies such as training or coaching on effec-
tive coping strategies, counseling services, 
prevention and intervention tactics, 
and resolution/reporting mechanisms. 
Because our results suggested the impor-
tance of social support, training might 
also be provided on how to support 
fellow workers who are victimized. 

Organizational remediation relates to 
broader efforts to reduce victimization, 
specifically organizational adherence 
to OSHA standards. Workers in Study 1 

who reported more patient-instigated 
victimizations were also more inclined 
to report that their employers failed to 
actively establish and maintain OSHA 
standards. Table 6 provides additional 
detail about employees’ perceptions 
regarding the eight OSHA standards. 
These results suggest that employers 
are creating policies that help workers 
understand prohibited behaviors and 
know how to report victimization. 
However, it appears employers need to 
advance efforts to establish preventive 
(training) and notification mechanisms 
(flagging charts of repeatedly aggres-
sive patients). Interestingly, only 25% of 
workers indicated their employers have 
written policies that address all eight 
of the OSHA standards. In Study 2, we 
asked similar questions about the OSHA 
standards, and found similar responses 
regarding prevention policies and work-
place training. Approximately 75% of 
workers indicated that their employers 
had workplace aggression prevention 
policies, yet only 47% reported training 
programs were in place. It is important to 
note that these results reflect perceptions 
of the respondents and may not accu-
rately reflect the efforts of the employer. 
Further, these eight standards only apply 
to the existence of a written policy; they 
do not require the employer to follow 

these policies, carefully investigate 
reported victimization, or take action 
to remedy problems. In addition, the 
OSHA standards are merely suggested; 
employers are not legally bound to 
follow them. Improvements in policy 
and implementation are possible, and 
OSHA might provide additional guidance 
and oversight in these contexts.

Healthcare provision and its related 
costs are a significant public-policy 
issue; in healthcare institutions, the 
costs in terms of employee injuries and 
security measures to address poten-
tial workplace victimization have 
contributed to the rapidly rising costs 
of healthcare. However, the cost of 
workplace victimization goes beyond 
financial costs; victimization takes a 
toll on workers’ physical, mental, and 
emotional well-being. It is imperative 
that the cause, extent, and impact of 
workplace victimization in the health-
care industry continue to be systemati-
cally investigated. Findings from this 
study can aid unions, management, and 
government agencies in their efforts to 
implement effective, ethical practices 
and policies for preventive and inter-
ventional measures that ensure protec-
tion and safety, eliminate potential legal 
repercussions, and improve organiza-
tional and individual health.

Participants Indicating Their Employer Has a Written Policy that 
Addresses the Following OSHA Standards†

Pct. 
reporting yes

1 . Types of behaviors (physical assault, threat, sexual harassment, or 
verbal abuse) that are prohibited in the workplace .

84 .9%

2 .  How to report if someone sexually harasses, threatens, or verbally 
abuses you .

82 .7%

3 .  How to report if someone physically assaults you . 81 .6%

4 .  “Zero tolerance” for violence and aggression, that is, violence 
and aggression are not tolerated at any level in the workplace .

76 .5%

5 .  Consequences for those who use violence and aggression at work . 74 .1%

6 .  Assurance that reporting of incidents is kept confidential . 59 .6%

7 .  Requirements for violence and aggression prevention training of 
staff members .

44 .4%

8 .  Requirements for flagging of charts or other signals to staff 
members regarding patients with repeated aggressive behavior . 

39 .3%

Participants responding “Yes” to all eight OSHA standards. 25.3%

Table 6. Healthcare Workers’ Perceptions of Employer Adherence of OSHA 
Standards Related to Victimization, Study 1

† The Occupational and Safety Health Administration (OSHA) has developed suggested standards and guidelines 
for employers to incorporate into their policy to protect employees and to create a safer work environment; these 
guidelines apply to workplace violence and aggression . For eight items that correspond to OSHA’s suggestions to 
employers, see N .M . Nachreiner et al ., “Relation between Policies and Work Related Assault: Minnesota Nurses’ 
Study,” Occupational Environmental Medicine 62 (2005): 675–681 . 
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community-based nonprofit organiza-
tions or government agencies with 
a specific project. The application 
deadline for summer semester 2012 
assistantships (June through August) is 
March 15, 2012. For more information, 
contact CURA community programs 
assistant Jeff Corn at 612-625-0744 or 
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 ■ Northside	Seed	Grants support 
community organizations that operate 
programs serving residents of the 
Northside community in Minne-
apolis by providing student research 
assistants and faculty researchers to 
carry out neighborhood-initiated 
and neighborhood-guided projects. 
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semester 2012 assistantships (June 
through August) is March 15, 2012. 
For more information, contact CURA 
community programs assistant Jeff Corn 
at 612-625-0744 or curacbr@umn.edu, 
or visit www.cura.umn.edu/nsg.
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mation	Systems (CGIS) program 
provides technical assistance in mapping, 
data analysis, and GIS to community-
based organizations and nonprofits 
in the Twin Cities metropolitan area. 
Staff at the CGIS program specialize in 

parcel-level mapping, demographic anal-
ysis, and Internet-based GIS technolo-
gies. The CGIS program has no formal 
application process or deadline to apply. 
Project requests can be made by phone 
or e-mail, and generally can be turned 
around within two weeks. For more 
information, to discuss potential projects, 
or for assistance with data needs, contact 
CGIS program coordinator Jeff Matson at 
612-625-0081 or jmatson@umn.edu, or 
visit www.cura.umn.edu/cgis.

 ■ The CURA	Dissertation	Research	
Grant	provides one year of support to 
a Ph.D. candidate in good academic 
standing at the University of Minne-
sota for the purpose of completing 
disserta tion research on a significant 
issue or topic related to urban areas 
in the upper Midwest region of the 
United States. Recipients must have 
passed the prelimi nary exam stage and 
have approved dissertation proposals 
by March 1 of the year in which they 
apply for the award. Deadline for 
the 2012–2013 award competition 
is February 10, 2012. For application 
guidelines or more informa tion, visit 
www.cura.umn.edu/Dissertation or 
contact CURA director Ed Goetz at 
612-624-8737 or egoetz@umn.edu.

 ■ The Minnesota	Center	for	Neighbor-
hood	Organizing trains people to work 
effectively in organizing and staffing 
neighborhood organizations. It trains 
new organizers and increases the skills 
of existing neighborhood staff through 
internships, workshops, and other 
programs. For more information about 
the program and the training oppor-
tunities available, contact Jay Clark at 
612-625-2513 or clark037@umn.edu, 
or Margaret Kaplan at 612-624-2300 or 
mkaplan@umn.edu, or visit  
www.cura.umn.edu/mcno.
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