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Objectives. To examine the strength of the volume–outcome relationship among
paramedics, a group of providers that has not been previously studied in this context. By
identifying the effects of individual learning on performance, we also assess the value of
paramedics’ retention. The prehospital emergency medical services (EMS) setting
allows us to interpret any volume–outcome relationship as learning by doing, uncon-
taminated by reputation-based referrals because ambulance units are dispatched based
on proximity.
Data Sources. Incident-level EMS data spanning 1991 to 2005 from the Mississippi
Emergency Medical Services Information System collected by the Mississippi Depart-
ment of Health.
Research Design. Using linear and quantile methods with and without provider fixed
effects, we estimate the relationship between experience accumulation and performance
using the universe of trauma incidents involving injured patients (including motor
vehicle crashes, falls, stabbings, and shootings).
Principal Findings. We find that greater individual volume is robustly related
to improved performance. In addition, we find that the benefit of learning operates
through both recent and past experiences, accrues differentially across tenure groups,
and operates on both mean performance and the upper quantiles of the performance
distribution.
Conclusions. Persistent past and current volume effects suggest that policy and man-
agerial implications in EMS should be directed at retention efforts to take advantage of
individual learning by paramedics.

Key Words. Volume–outcome, learning by doing, emergency medical services

While there is considerable evidence in the case of hospitals and surgeons
that high volume is associated with better patient outcomes across a variety
of medical conditions (Luft, Hunt, and Maerki 1987; Tu, Austin, and Chan
2001; Birkmeyer et al. 2002, 2003; Halm, Lee, and Chassin 2002; Elixhauser,
Steiner, and Fraser 2003; Gandjour, Bannenberg, and Lauterbach 2003;
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Huckman and Pisano 2006; Marcin et al. 2007), to date no study has examined
this relationship in a prehospital setting.

Emergency medical services (EMS) networks respond to, stabilize, and
transport trauma patients involved in situations, such as automobile accidents,
injuries from falls, and violence. EMS is a crucial part of the health care system
and the public’s emergency medical safety net. However, more than three
decades after Congress passed the Emergency Medical Services Systems Act
of 1973, trauma victims are treated by EMS with little or no evidence that the
care they receive is optimal (Delbridge et al. 1998).

There is little research addressing the effectiveness of EMS practice
(Pointer 2001) and there are even fewer studies examining the effect of
experience accumulation, as proxied either by certification levels (Pollock,
Brown, and Dunn 1997) or tenure (Soo et al. 1999) on performance. Our study
is the first to use detailed data on experience accumulation in addition to
certification levels and tenure to document the performance gains from higher
volume.

Learning by doing is one channel through which skills are acquired and
therefore provides a potential rationale for the observed positive correlation
between volume and outcome. Under this mechanism, more acquired expe-
rience improves performance. Nevertheless, the causality may run in the
opposite direction, through a selective referrals channel, whereby better
performers command greater demand for their services (Luft, Hunt, and
Maerki 1987).When using retrospective data to study volume–outcome rela-
tions for surgeons, the selective referrals problem is difficult to overcome
credibly. Unlike settings which involve the choice of provider (e.g., elective
surgery), the unpredictable nature of EMS does not lend itself to selective
referrals. Ambulance units are dispatched based on proximity and not on
reputation, and trauma victims are not offered the choice of emergency care
providers on scene.

In this paper, we focus on trauma-related ambulance runs to study the
effect of volume and experience accumulation on performance. The evidence
regarding the appropriateness of prehospital interventions on trauma victims
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is mixed. However, the importance of getting the patient to definitive care as
soon as possible, allowing only for the performance of essential procedures, is
widely accepted in EMS and prehospital time markers are frequently used
process measures. Shorter out-of-hospital time intervals represent a potentially
important factor in survival, especially in the case of trauma incidents (Sam-
palis et al. 1993; Feero et al. 1995; Nichol et al. 1996; IOM 2000; Blackwell
and Kaufman 2002; Carr et al. 2006). For trauma patients, the first hour of care
(also referred to as the ‘‘golden hour’’) is usually considered critical with some
evidence that when the time from the incident to hospital treatment is
within this critical first hour, the patient’s likelihood of survival is increased
(Rawlinson and Crews 2003). In trauma care, the goal is to get seriously
injured patients into the operating room of a trauma center with an experi-
enced team of appropriately specialized trauma surgeons as fast as possible.
Therefore, it is not surprising that dispatching emphasizes ambulance prox-
imity and EMS contracts often include response standards.

We hypothesize that paramedic learning will lead to shorter out-of-hos-
pital times. In particular, as paramedics become more proficient in diagnosing
patients’ acuity, identifying the appropriate procedures, mastering protocols
and techniques, gaining familiarity with local roads and traffic conditions, and
identifying quicker routes to scene and to the hospital, the shorter is the time
spent out of hospital, and, in particular, the time spent at the scene.

Using the universe of trauma-related ambulance runs in Mississippi
between 1991 and 2005, we find that greater volume is robustly related
to improved paramedic performance. In specifications that include both
individual- and firm-level measures of recent volume, we find small pro-
ductivity spillovers. In addition, we find that the benefits of recent volume
accrue differentially across tenure groups, favoring paramedics with above
median tenure.

Data limitations have led most researchers to focus on the effect of recent
experience (e.g., volume in the past quarter or year) on performance.1 This is
appropriate only if past experience rapidly loses its relevance. Alternatively, if
past experience matters, high turnover rates may affect overall prehospital
performance as paramedic human capital accumulation is subject to more
frequent interruptions. The richness of our data allows us to follow 1,728
paramedics (85 percent of all paramedics in our data) for whom we observe
their full histories in the profession. We construct measures of their tenure and
cumulative experience as well as of recently acquired experience. Hence, by
evaluating the contribution of cumulative experience, we assess the value of
paramedic retention in performance units.
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The benefit of greater experience operates both through recent and past
experiences. This has important implications for retention: retaining the typ-
ical paramedic in our sample for an additional quarter is associated with a
reduction in out-of-hospital time of approximately 4 minutes. Moreover, 3
years after replacement of an experienced paramedic by a new one, the loss in
out-of-hospital time from turnover is between 1 minute and 90 seconds
depending on functional form.

Finally, we find evidence that individual experience operates not only
on mean performance but also on the upper quantiles of the paramedic per-
formance distribution, which can be interpreted as greater experience leading
to better standardization with the severity of trauma.

BACKGROUND

The EMS Workforce

The three national standard levels of training for Emergency Medical Tech-
nicians (EMT) are EMT-Basic (EMT-B), EMT-Intermediate (EMT-I), and
EMT-Paramedic (EMT-P).2 In addition, Mississippi requires operators of am-
bulance vehicles to be EMS-Driver certified (EMS-D), by participating in a
training program in operation of emergency vehicles. Licenses for EMTs must
be renewed, typically every 2–3 years.

A combination of factors renders the hiring and retention of EMTs
problematic, including concerns regarding personal safety, stressful working
conditions, irregular hours, excessive training and requirements, limited
mobility, and low wages (Institute of Medicine 2000).

Paramedics face a difficult, often hazardous, work environment. They
are exposed to potentially infectious bodily fluids, for instance through contact
with contaminated needlesticks, and to the hepatitis B virus (Delbridge et al.
1998). Moreover, they are frequently exposed to the threat of violence, incur
injuries associated with lifting or falling, and face oncoming traffic at the scene
of motor vehicle crashes (Franks, Kocher, and Chapman 2004). Occupational
fatality rates for EMTs are comparable to those of police and fire personnel
(Maguire et al. 2002).3

In 2001, the Journal of Emergency Medical Services conducted a salary sur-
vey consisting of 371 EMS organizations. The survey found salaries to be
about 10 percent lower in the Southeastern Census region, which includes
Mississippi, compared with the national average. Tenure for paramedics was
7.3 years in private ambulance companies compared with 10.8 years in fire-
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based EMS agencies. Finally the average yearly turnover rate for private
ambulance companies was 18 percent, as compared with 6 percent for fire-
based agencies.

EMS Performance

Some studies have found evidence that prehospital advanced life support
(ALS) interventions reduce the severity of injuries, lower mortality rates in the
first 24 hours, improve outcomes from multiple trauma, and improve survival
among patients with blunt trauma (Isenberg and Bissell 2005). Nichol et al.
(1996) perform a meta-analysis and find shorter out-of-hospital time to be
related to lower mortality. However, overall, the medical literature provides
mixed evidence regarding the effectiveness of out-of-hospital management of
trauma victims (Carr et al. 2006; Delbridge and March 2007).

Rural trauma patients, on average, face considerably lengthier transport
to definitive care (Isenberg and Bissell 2005). Studies focusing on rural areas
have found increased survival as a result of on-scene interventions, suggesting
that delaying the onset of definitive care may be justified despite the prolonged
prehospital intervals (Branas et al. 2005).

To date, only one study has examined the effect of ambulance crew’s
tenure on outcomes of out-of-hospital cardiac arrests (Soo et al. 1999). The
authors found improved survival when patients were attended by paramedics
with 41 year of tenure or technicians with 44 years of tenure. The study
focused on Nottingham, England, and found no effect of tenure on the
time interval spent at the scene. However, it did not look at trauma victims,
omitted incident-level characteristics, ignored team composition, and studied
tenure (months since completion of training) as opposed to volume (number
of runs).

The medical literature provides little guidance as to the right approach
for managing out-of-hospital trauma victims. Yet conditional on the charac-
teristics of patients, paramedics, injury, medical interventions performed, and
of the scene, there is no dispute that shorter out-of-hospital intervals are pre-
ferred by patients and paramedics to longer ones. In this paper, we study the
effects of changes in individual paramedic volume on total out-of-hospital
time, which is considered a key marker of EMS performance (Carr et al. 2006).
In addition, we repeat our analysis for the time spent at the scene of trauma
incidents, conjecturing that better diagnostic and therapeutic expertise may
reduce on-scene time and hence contribute to the reduction in total out-of-
hospital time.
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DATA

Our data were obtained from the Office of Emergency Planning and Response
at the Mississippi Department of Health. Since 1991, this office has system-
atically collected incident-level EMS data through the Mississippi Emergency
Medical Services Information System (MEMSIS). The raw data are recorded
at the individual patient level by local EMS providers.

We study incidents between 1991 and 2005 for which the initial call was
related to trauma, defined as motor vehicle crashes, pedestrian injuries, stab-
bings, assaults, gunshots, or falls. To focus on EMS runs where time to de-
finitive care is most likely to be important, we exclude cases of death on arrival
and limit the sample to calls involving at least one patient injury and ending in
transfer to hospitals by ground transportation.4 All time stamps in the MEM-
SIS data are rounded to the nearest minute.

Given the highly skewed nature of reported interval times and the pos-
sibility of extreme values due to miscoding, we exclude calls for which either
the reported time from dispatch to arrival on the scene (i.e., response time) or
the reported time from leaving the scene to arrival to a hospital (i.e., transport
time) exceeds 60 minutes. This criterion excluded o1 percent of trauma
observations that satisfied the other criteria and does not affect our results.

Detailed data on procedures performed by paramedics are available
only for the 2001 to 2005 period. While we restrict our volume–outcome
analysis to this latter period, we use data for all years (1991–2005) to construct
the history of paramedics’ experiences, encompassing approximately 613,000
trauma runs. Fifteen percent of paramedics who appear in the 2001–2005
sample are left-censored (i.e., appear in the 1991 data and for whom the entry
date is unknown) and the rest enter after 1991. The long time series and the
relatively large number of uncensored paramedics enable us to account more
precisely for the cumulative number of runs of each individual paramedic.
The final sample includes approximately 175,000 observations.

Prehospital emergency medical care is provided by a network of
ambulance services organized by county or city. We identify 86 contracting
municipalities in Mississippi, where 56 different EMS providers operate. EMS
dispatchers can be accessed either by 911 or enhanced-911 service throughout
the region. Transport services are provided by fire department agencies, pri-
vate ambulance services, or hospital-based agencies. In our final sample, 98
percent of all trauma transports are provided by ALS-trained providers. Ap-
proximately 10 percent of trauma patients in our sample were directly trans-
ported, via ground units, to a Level I trauma facility.5
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ALS-certified paramedics can engage in advanced airway management,
cardiac monitoring, drug therapy, and other advanced techniques that are pro-
hibited by EMTs with lower certification levels. Team composition may therefore
affect prehospital intervals through the quantity and complexity of procedures
performed on trauma patients. We control for the experience and certification
levels of both team members as well as for the procedures performed.

On-scene (and total out-of-hospital) time is also expected to increase
with the number of victims at the scene. Approximately 75 percent of trauma
incidents involved a single patient and 98 percent involved at most three
individuals. To proxy for underlying patient severity, we control for the pro-
cedure indicators, the type of trauma, and patient demographic characteristics.
In addition, we control for all possible combinations of the injured body part
(i.e., arm, leg, chest, hip, back, neck, head, face, abdomen, and eye) and the
type of injury (i.e., pain, burn, laceration, soft tissue, blunt, fracture, disloca-
tion, penetrating trauma, and amputation). These injury combinations are
likely to be correlated with the patient severity, which, in turn, is likely to be an
important determinant of out-of-hospital time.

EMS in Mississippi is provided by several different types of agencies. In our
data, about 19 percent of agencies are community based (mostly integrated with
local fire departments), 27 percent are hospital based, and the remaining 54 per-
cent are large private ambulance companies. EMS agencies integrated into and
operated by hospitals may have different approaches to the role of paramedics due
to closer medical supervision. Similarly, paramedics working for a large private
multistate company may have access to better training, equipment, and operate
under more stringent protocols compared with a small local fire-based agency.

While we are interested in the effect of paramedic volume on total out-
of-hospital and on-scene times, there are many other factors that may affect
these markers of performance. These confounders, most of which are sum-
marized in Table 1, include the type of trauma, the incident location, patient
characteristics, 42 indicators of procedures performed (listed in Table 2), the
number of victims, year, month, day of week, hour of day, the certification
levels of the EMTs in each unit, the type of firm that employs them, and the
municipality they operate in.6 When studying on-scene time we also include
the time it took the team to arrive at the scene.

EMPIRICAL FRAMEWORK

We estimate several models linking paramedic volume with out-of-hospital
and on-scene times. The input of interest is the experience of paramedics, as
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Table 1: Summary Statistics

Variable Mean Standard Deviation

Total out-of-hospital time 36.05 Minutes 16.62
On-scene time 14.67 Minutes 8.496
First-response time 8.07 Minutes 6.073
Transport time 13.36 Minutes 9.723

Paramedic number of runs in last 3 months 17.69 Trauma runs 12.240
Paramedic total number of runs (noncensored) 408.75 Trauma runs 299.150
Firm number of runs in last 3 months 456.68 Trauma runs 528.720
Paramedic tenure (noncensored) 6.48 Years 3.189
Number of procedures and EMT certifications

Number of procedures in incident 2.00 Procedures 2.185
Cerification level: EMT-Basic 2.56% 0.158
Cerification level: EMT-Intermediate 0.57% 0.075
Cerification level: EMT-Paramedics 96.87% 0.174

Patient demographics and people in incident
Patient age 42.12 Years 25.10
Patient race: African American 40.80% 0.491
Patient race:White 55.86% 0.497
Patient gender: female 55.10% 0.497
Number of victims in incident 1.33 Victims 0.741

Type and location of trauma
Type of trauma: fall 31.59% 0.465
Type of trauma: motor vehicle crash 53.02% 0.499
Type of trauma: motorcycle accident 1.14% 0.106
Type of trauma: pedestrian accident 1.69% 0.129
Type of trauma: cut/stabbing 2.32% 0.151
Type of trauma: assault 8.74% 0.282
Type of trauma: gunshot 1.50% 0.122
Location of trauma: city street 20.70% 0.405
Location of trauma: county road 9.26% 0.290
Location of trauma: state/federal highway 23.68% 0.425
Location of trauma: residence 30.53% 0.461
Location of trauma: other 15.83% 0.365

Year and month
Year 2001 19.61% 0.397
Year 2002 21.55% 0.411
Year 2003 19.66% 0.397
Year 2004 19.75% 0.398
Year 2005 19.43% 0.396
January 7.54% 0.264
February 7.78% 0.268
March 8.76% 0.283
April 8.79% 0.283
May 9.15% 0.288
June 8.54% 0.279
July 8.78% 0.283

continued
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measured by different functions of their accumulated volume as of the date of
the incident.

Consider a trauma scene at date t in which injured patient k requires
some prehospital care by paramedic i. Prehospital time may be written as

Tikt ¼ bvVOLit þ b1Xkt þ b2Wit þ jt þ mi þ eikt ð1Þ

where Tikt is either the time spent on scene or the total out-of-hospital time for
paramedic i, patient k, and date t. VOLit is a measure of paramedic i’s volume
as of date t. Xkt captures the characteristics of the patient, such as her age, sex,
and race as well as all interactions of injury type and injured body part. It also
captures characteristics of the incident, such as type and location of trauma.
Wit includes other paramedic characteristics, such as their certification levels,
and the type of firm they work for. jt is a vector of indicators for hour of day,
day of the week, month, and year. mi are individual EMT fixed effects and eikt is
a random disturbance. In some of our specifications, our measure of volume,
VOLit, represents the aggregate experience level of paramedic i in period t, and
in other specifications, the experience accrued solely in the last quarter. VOLit

accumulates experience over running 3-month windows, recording para-
medic volume at a given date as the number of trauma runs accumulated
during the prior 91 days. This measure is more precise than fixed calendar
quarters, used extensively in the literature due to data limitations, as it re-
sponds instantaneously to any changes in the recent experience profile. Ex-
perience accumulation with moving windows can be viewed as smoothing the
calendar quarter step function and alleviating the imprecision that increases
the further incidents are from the beginning of the quarter.

EMT fixed effects are introduced to mitigate concerns that the vol-
ume–outcome relationship we observe is driven by composition effects. For

Table 1. Continued

Variable Mean Standard Deviation

August 7.90% 0.270
September 7.99% 0.271
October 8.20% 0.274
November 8.33% 0.276
December 8.24% 0.275
Provider
Public EMS provider (e.g., fire department based) 18.64% 0.389

Hospital-based EMS company 27.23% 0.445
Private EMS provider (corporate) 54.13% 0.498
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example, low quality/ability paramedics might be lower volume, whereas
more able paramedics may accumulate more experience by working more
intensely and/or staying in the profession longer. Hence, EMT fixed effects
guarantee that the experience parameter in [1] is identified from improve-
ments in performance within paramedic.

While EMT fixed effects provide the most flexible specification for
studying individual learning-by-doing, we also estimate firm-by-municipality
fixed effect models. This captures systematic time-invariant differences across
municipality–firm pairs in the structure of EMS. The interaction between
contracting municipality characteristics, such as urban–rural continuum or
trauma infrastructure, and firm characteristics, such as EMS protocols, training
and equipment, may be correlated with both paramedic volume and on-scene
time.

While fixed effects capture time-invariant factors related to individual
performance and to volume, such as ability, it may be important to consider
bias resulting from evolutionary forces. In particular, a volume–outcome re-
lation may simply result from attrition of poor performers. To address this
concern, we perform commonly used variable addition tests (Verbeek and
Nijman 1992; Wooldridge 2002) and find no evidence of attrition bias.7

Conditional on observables and on the fixed effects, eikt is likely to be
unrelated to any EMT characteristics, be they quality, ability, or, importantly,
experience, since the selective referral channel is unlikely to drive the rela-
tionship between volume and out-of-hospital time intervals.

RESULTS

In this section, we present estimates of the experience premium in EMS per-
formance, as measured by decreased out-of-hospital and on-scene durations,
by estimating equation (1).8

Our models are estimated by OLS cross-sectionally, with firm-by-mu-
nicipality fixed effects, and with paramedic fixed effects. Standard errors are
clustered at the paramedic level to allow for correlation in performance across
incidents within paramedic.9

In the first row of Table 2, we document a relationship between recent
(quarterly) EMT volume and performance that implies that a one standard
deviation increase in the number of trauma runs accumulated by an individual
paramedic over a given quarter is associated with a reduction of approxi-
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mately 35 (10) seconds in total out-of-hospital (on-scene) time. Coefficient
estimates are statistically significant at the 1 percent level.

There is a strong tie between retention and learning measured at the firm
level, as high labor turnover rates may result in a loss of accumulated expe-
rience and hence lower productivity. The short timeframe and, for the most
part, lack of individual identifiers led previous studies (e.g., Thiemann et al.
1999; Peterson et al. 2004; Marcin et al. 2007) to focus on learning at the firm
level, which confounds individual learning and spillover and turnover effects,
with no ability to separate between these three vastly different mechanisms.
Our data allows us to follow paramedics over a decade and a half and hence
identify the contribution of these three channels to overall performance.

According to Rosen (1972), ‘‘learning by experience suggests that the
production of knowledge is at least partially acquired through the productive
process itself.’’ An additional EMS run adds to both the individual paramedic
and the firm’s stock of experience. Firm experience represents the extent to
which individual experience spills over to other members of the firm. This
calls for a specification in which recent firm volume is added to the one
capturing recent paramedic volume.

The results, reported in the second and third rows of Table 2, reveal
magnitudes for returns to paramedic volume similar to those in the first row.
However, the effect of firm volume is of small magnitude as well as varying
signs and degrees of significance for both on-scene and total out-of-hospital
times. This is likely due to the limited scope for spillover in tasks performed in
teams that rarely exceed two individuals.

To allow for heterogeneity in learning, we stratify the analysis by para-
medic tenure under the hypothesis that paramedics of different tenures might
exhibit different gains to recent volume. The third panel of Table 2 reports
estimates of models in which paramedic volume is interacted with four in-
dicators of tenure quartiles. The quartiles correspond to o2, 2–4, 4–6.2, and
over 6.2 years as a paramedic, respectively.

We find that the benefits of recent volume accrue differentially across
tenure groups, with small gains in the first two quartiles of the tenure distri-
bution. Paramedics with 6.2 years of tenure and above enjoy about 85 percent
higher returns to volume than in the pooled regression for on-scene time. The
analogous figure for total out-of-hospital time is 55 percent. This result is
somewhat puzzling given the existing evidence that learning is stronger at the
beginning of individuals’ careers. Our results are consistent with the notion
that recent volume affects performance more with greater exposure to trauma
scenes and/or with the idea that more senior paramedics have greater influ-
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ence over the various aspects of EMS delivery as well as the management
of patients at the scene (e.g., less reliance on medical direction and better
management of other paramedics). Alternatively, composition within tenure
quartiles may account for observing learning only among long-tenured
paramedics. While the upper tenure quartiles include only paramedics with
relatively long job duration, paramedics with low tenure represent a mixture
of individuals who are either in the beginning of a longer career in EMS or
who do not stay in the profession very long. Therefore, our results are con-
sistent with an explanation whereby short job duration reflects insufficient
learning due to lack of either ability or effort.10

While existing volume–outcome studies are almost exclusively focused
on providers of tertiary services (e.g., cardiac surgeons) where career durations
are extensive, the data used typically span only 2–5 years, accommodating
only recent volume effects. Our data covers 15 years of professionals whose
average career duration is relatively short and therefore allows us to examine
an alternative view of the volume–outcome relationship, in which the benefit
accrues to cumulative rather than recent volume. The lower panel of Table 2
reports parameter estimates from models in which the variable of interest is
defined as the log of cumulative volume. The log transformation is used to
account for the skewed nature of the cumulative volume distribution across
paramedics, and it is commonly employed in the volume–outcome litera-
ture.11

Since we do not observe the full history of runs for paramedics who
appear at the very beginning of the sample, we perform the analysis separately
for all 2,010 paramedics (lower panel) and for 1,726 paramedics who where
certified (for the first time) after 1991 (upper panel).12 The coefficient estimates
for all paramedics are similar in magnitude to the ones for uncensored para-
medics, suggesting that experience accumulated before 1991 has little or no
relevance by 2001.13

These results allow us to compute the value of retention in performance
units. More specifically, we compute the increase in time spent on scene that
results from replacing the average paramedic in our data with a new one as
follows:

Value of retention ¼ b̂v

v1

Z�vþv1

�v

logðvÞdv �
Zv1

0

logðvÞdv

2
4

3
5 ð2Þ

where b̂v is the coefficient estimate for log cumulative volume, �v is the average
cumulative volume across paramedics, and v1 is the average quarterly volume
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across paramedics. Equation (2) computes the difference in average out-of-
hospital (on-scene) times within a typical quarter between the average para-
medic and a new one. The reductions in total out-of-hospital and on-scene
times associated with the retention of the typical paramedic in our sample for
an additional quarter are approximately 4 and 2 minutes, respectively.

Figure 1 plots the average monthly difference in total out-of-hospital and
on-scene times between an experienced paramedic and a new one. The first
period represents the hypothetical month of replacing the average paramedic
(in volume terms) in our sample with a new one. We then use equation (2),
where v1 is defined at the monthly level, for the subsequent 36 months. The
figure describes the loss in total out-of-hospital and on-scene times from the
replacement as we follow the new paramedic and compare her average per-
formance to that of the experienced paramedic (had she not exited), therefore
allowing for learning by doing by both paramedics. While the cost of turnover
is higher in the first months following replacement, differences in performance
are (slowly) exhausted over time. Here again, these results do not appear to be
driven by attrition.

In the right most column of Table 2, we implement a falsification ex-
ercise by estimating all models described above, in which we replace the
dependent variables, total out-of-hospital and on-scene times, with an alter-
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native marker of system performance, dispatch time. Dispatch time is defined
as the length of time between a 9-1-1 call and the moment paramedics are
notified and dispatched to the scene. This measure provides the basis for a
credible falsification test as, unlike time spent on scene or out of hospital,
paramedics have no influence on it. If learning is the mechanism through
which greater volume yields shorter on-scene and prehospital times, then we
should not find a relationship between paramedic experience and a margin
over which they have no influence, such as dispatch time. The results confirm
this intuition, lending credibility to our results.

In Table 3, we explore the possibility that the performance benefits of
experience operate in dimensions other than just mean prehospital times.
Specifically, we posit that paramedic volume might shrink the conditional
distributions of total out-of-hospital and on-scene duration. To this end, we
employ quantile regression methods, which serve to describe how indepen-
dent variables affect the entire distribution of the dependent variable, as op-
posed to just its mean. In this analysis, quantile regressions were estimated
cross-sectionally and with firm-by-municipality fixed effects at seven different
percentiles (0.05, 0.15, 0.25, 0.5, 0.75, 0.85, and 0.95).14 The results indicate
that greater recent paramedic volume compresses the upper tail of the con-
ditional on-scene time distribution.15 For instance, according to the firm-by-
municipality fixed effects specification, a one standard deviation increase in
the number of trauma runs accumulated by an individual paramedic over a
given quarter reduces the 95th percentile of total out-of-hospital (on-scene)
time by 38 (20) seconds, which is slightly more than double the median and
mean effects.

Interventions on scene, injury profile, trauma characteristics, and patient
demographics are used, in part, to proxy for patient severity. While these may
reflect severity only to a limited extent, concerns regarding omitted variables are
not likely to be important given the current EMS system design. It is difficult to
argue for a correlation between severity and experience due to the fact that
dispatching for ALS incidents is determined by proximity to the scene and not by
EMT reputation. However, even if EMS did match paramedic experience with
indications of acuity, it is unlikely that more time-consuming, higher severity
incidents would result in the least experienced crews being dispatched, which is
the only mechanism that would account for our results. If there is matching
between highly experienced EMTs and patient severity, our results underestimate
the true reduction in prehospital time due to an increase in experience.16

Finally, while our regressions control for indicators of prehospital inter-
ventions, one might worry about selection on the complexity of procedures

Retention, Learning by Doing, and Performance in EMS 917



T
ab

le
3:

E
ff

ec
t

of
P

ar
am

ed
ic

E
xp

er
ie

n
ce

on
Q

ua
n

ti
le

s
of

P
er

fo
rm

an
ce

Q
ua

nt
il

es

0.
05

0.
15

0.
25

0.
5

0.
75

0.
85

0.
95

D
ep

en
d

en
t

va
ri

ab
le

:
O

n
-s

ce
n

e
ti

m
e

C
ro

ss
-s

ec
tio

n
0.

00
08

�
0.

01
44

�
0.

02
01

�
0.

02
79

�
0.

03
25

�
0.

03
79

�
0.

04
05

[0
.0

02
21

]
[0

.0
01

37
]n

n
n

[0
.0

01
35

]n
n
n

[0
.0

01
76

]n
n
n

[0
.0

02
9]

n
n
n

[0
.0

04
28

]n
n
n

[0
.0

09
55

]n
n
n

F
ir

m
-b

y-
co

n
tr

ac
t

0.
00

36
�

0.
00

64
�

0.
00

94
�

0.
01

36
�

0.
01

89
�

0.
02

01
�

0.
02

95
A

re
a

fix
ed

ef
fe

ct
s

[0
.0

02
68

]
[0

.0
01

55
]n

n
n

[0
.0

01
51

]n
n
n

[0
.0

01
8]

n
n
n

[0
.0

02
72

]n
n
n

[0
.0

04
08

]n
n
n

[0
.0

08
63

]n
n
n

N
um

b
er

of
ob

se
rv

at
io

n
s

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

D
ep

en
d

en
t

va
ri

ab
le

:
T

ot
al

ou
t-

of
-h

os
p

it
al

ti
m

e
C

ro
ss

-s
ec

tio
n

0.
01

47
0.

00
83

0.
00

10
�

0.
03

59
�

0.
09

98
�

0.
12

43
�

0.
14

05
[0

.0
03

52
]n

n
n

[0
.0

03
19

]n
n
n

[0
.0

03
02

]
[0

.0
03

92
]n

n
n

[0
.0

06
31

]n
n
n

[0
.0

09
8]

n
n
n

[0
.0

21
41

]n
n
n

F
ir

m
-b

y-
co

n
tr

ac
t

�
0.

01
05

�
0.

01
96

�
0.

02
13

�
0.

03
38

�
0.

04
86

�
0.

04
73

�
0.

05
76

A
re

a
fix

ed
ef

fe
ct

s
[0

.0
03

36
]n

n
n

[0
.0

03
11

]n
n
n

[0
.0

02
8]

n
n
n

[0
.0

03
78

]n
n
n

[0
.0

05
63

]n
n
n

[0
.0

08
25

]n
n
n

[0
.0

17
25

]n
n
n

N
um

b
er

of
ob

se
rv

at
io

n
s

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

17
4,

32
3

N
ot

es
:S

ta
n

d
ar

d
er

ro
rs

ar
e

re
p

or
te

d
in

b
ra

ck
et

s
b

el
ow

th
e

es
ti

m
at

ed
co

ef
fic

ie
n

ts
,b

ut
ar

e
n

ot
cl

us
te

re
d

at
th

e
p

ar
am

ed
ic

le
ve

l,
an

d
ar

e
th

er
ef

or
e

lik
el

y
to

un
d

er
es

ti
m

at
e

th
e

tr
ue

va
ri

ab
ili

ty
of

th
e

es
ti

m
at

ed
co

ef
fic

ie
n

ts
.I

n
fe

re
n

ce
s

b
as

ed
on

th
em

sh
ou

ld
th

er
ef

or
e

b
e

m
ad

e
w

it
h

ca
ut

io
n

.
n
,n

n
,a

n
d

n
n
n
in

d
ic

at
e

si
gn

ifi
ca

n
ce

at
10

%
,5

%
,a

n
d

1%
le

ve
ls

,r
es

p
ec

ti
ve

ly
.S

ee
T

ab
le

2
n

ot
es

fo
r

lis
t

of
co

n
tr

ol
s.

918 HSR: Health Services Research 44:3 ( June 2009)



performed by paramedics. For example, if inexperienced paramedics choose
simpler procedures, which require relatively fewer minutes, we might infer
that less experience results in shorter prehospital times conditional on pro-
cedures performed. This would lead us to underestimate the magnitude of the
experience premium.

DISCUSSION

Our results have policy implications for local governments, charged with EMS
delivery, and for public and private insurers, who design reimbursement
schedules for emergency transports.

In the context of hospitals, policy relevance and implications vary de-
pending on the underlying mechanism behind the volume–outcome relation
(Luft, Hunt, and Maerki 1987). When it is driven by selective referrals, no
regulatory remedies are advised, as procedures are already concentrated in
facilities that provide greater value for patients. Conversely, if causation runs
from volume to outcome, the benefit of centralizing care in a small number of
facilities may call for regulating entry as well as existing capacity using antitrust
analysis of hospital mergers (Birkmeyer et al. 2002; Gaynor, Seider, and Vogt
2005) or policies such as regionalization (Luft, Hunt, and Maerki 1987).

We find that greater volume is robustly related to reduced total out-of-
hospital time as well as time at the trauma scene. This benefit operates through
both recent and past volume and accrues differentially across tenure groups.
In light of our findings, and taking into account the important institutional
details that govern the field of EMS, we examine three policies designed to
increase volume: consolidation of EMS delivery organizations, redesigning
the allocation of workload to insure that current volume is allocated across
fewer paramedics, and improving retention of paramedics to prevent past
volume from being lost to turnover.

Firm-level studies, which dominate the literature, focus on firm-level
interventions by suggesting that large-scale effects raise the benefit from con-
solidation. While subtle, this assertion relies on the importance of facility-level
volume beyond the individual provider’s volume. In our data, we find little or
no such incremental firm-scale effects. While the importance of distinguishing
between learning at the individual level and at the firm level was raised (Luft,
Hunt, and Maerki 1987) and tested (Huckman and Pisano 2006) in the case of
surgeons, no study to date has examined the returns to volume in a prehospital
setting.17 In EMS, absent any knowledge spillovers across paramedics, the
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individual volume effect we find cannot autonomously constitute grounds for
supporting larger firms and therefore yields no direct antitrust implications for
mergers. Nevertheless, the massive consolidation of EMS delivery organiza-
tions, mainly in the early to mid 1990s, can be justified on different grounds,
such as eliminating duplication and lowering average costs through economies
of scale (David and Chiang 2009).

As all benefits of greater volume accrue to individual paramedics with no
evidence of its transferability across paramedics, policies designed to expose
paramedics to greater volume should be considered. Individual volume can
be increased in one of two ways, static or dynamic, with each way requiring its
own distinct mechanisms. The first requires redesigning the allocation of
workload across individuals such that within a given time frame, a given
paramedic is handed more runs. The second calls for policies to reduce labor
turnover rates among paramedics.

Allocation of workload across paramedics can raise volume by insuring
the concentration of runs at the hands of fewer paramedics. But unlike surgery,
where individual capacity can be efficiently reached through scheduling, the
random nature and location of trauma events requires potentially long periods
of inactivity as well as geographical spread of units. Reducing the number of
paramedics, regardless of their volume–outcome quality benefits, would
translate into longer wait times between initial emergency calls and arrival at
the trauma scene. In addition, imposing longer shifts is likely to lead to fatigue,
burnout, and dissatisfaction. Using this mechanism is more likely to weaken
performance than to improve it through increased individual volume, espe-
cially since the effect of recent volume on performance is small. On the other
hand, our finding that past volume is important in explaining current out-
comes suggests concentrating volume in the hands of paramedics who have
already accumulated experience (Gaynor, Seider, and Vogt 2005). Absent
mechanisms to induce demand, the salient route for increasing lifetime vol-
ume is by increasing the career duration for paramedics. This calls for
improving their retention.

In addition, we find that volume is related to improvements in both
mean performance and in the upper quantiles of the performance distribution,
which can be interpreted as greater experience leading to better standardiza-
tion with the severity of trauma. This suggests that the reduction in average
prehospital times is one of many potential benefits of retention, which may
include mentorship, improved quality of care, greater stability of EMS teams,
etc. These benefits should be weighted against all the costs associated with
retention.
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While more research is needed, our results suggest that policy and
managerial implications regarding volume–outcome relations in EMS should
be directed toward retention to take advantage of individual human capital
accumulation.
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NOTES

1. For in-depth reviews of the literature, see Halm, Lee, and Chassin (2002) and
Gandjour, Bannenberg, and Lauterbach (2003).

2. In Mississippi, the state’s Department of Health uses the National Registry of
Emergency Medical Technicians’ (NREMT) examination system. All levels of
EMTs in Mississippi must perform National Registry practical skills and pass a
written examination to be certified as EMT-B, EMT-I, or EMT-P.

3. There are 12.7 fatalities per 100,000 EMS workers annually, which compares with
14.2 for police and 16.5 for firefighters, and a national average of 5 fatalities across
all professions.

4. A number of companies in Mississippi provide air ambulance services. We exclude
o400 such observations, in which helicopters and fixed wings were dispatched.
Therefore, all runs in our data involve ground transportation.

5. In 2004, the Mississippi trauma system included two Level I trauma centers, five
Level II, eight Level III, and 51 Level-IV trauma centers, as defined by the Amer-
ican College of Surgeons. Level IV trauma centers provide initial evaluation and
assessment of injured patients; Level III trauma centers must offer continuous
general surgical coverage and can manage the initial care of many injured patients;
Level II trauma centers must be able to provide initial care to the severely injured
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patient, and Level I trauma centers must have a full range of trauma capabilities,
including an emergency department, a full-service surgical suite, intensive care
unit, and diagnostic imaging.

6. All results are insensitive to distinguishing between procedures performed
on scene versus en route to the hospital.

7. We use a modified Verbeek and Nijman (1992) variable addition test described in
Wooldridge (2002) in which leads and lags of selection indicators are added as
regressors. This approach is attractive in this context since it is implementable
using a fixed effects specification.

8. Our results are robust to successive addition of possible confounders. The full
results are available upon request.

9. The subsequent discussion refers to results from the EMT fixed effects specifications.
10. As mentioned earlier, this result does not appear to be consistent with time varying

paramedic characteristics, such as learning about match quality.
11. Transformations other than log yielded very similar results but did not fit the data

as well.
12. Based on the full record of certification and recertification and interviews with local

administrators, we conclude that out-of-state mobility is an extreme event.
13. For further discussion of estimation with censored regressors, see Rigobon and

Stoker (2007).
14. Estimates from OLS describe how average prehospital times vary with paramedic

volume, all else being held constant. In contrast, quantile regression provides a
description of the entire conditional distribution of the outcome variable, and its
dispersion in particular. Each distinct percentile is associated to a separate pa-
rameter estimate such that, as is the case here, negative estimates that are increasing
in magnitude with the quantiles imply reduced dispersion in prehospital times as
paramedics gain experience.

15. The standard errors are estimated under the assumption of conditional homo-
skedasticity and no within-cluster correlation. Therefore, standard errors are likely
to understate the true variability of the estimates. EMT fixed effect models, while
desirable, are computationally impractical.

16. To explore the possibility of nonrandom assignment of paramedics to incidents, we
regress patient and scene characteristics on paramedic volume. We find that para-
medic experience is not systematically related to patient and scene characteristics.

17. Caution should be exercised when generalizing our results to areas where spillover
effects can result from selective referrals as opposed to learning-by-doing, such as
elective surgical procedures. For example, Birkmeyer et al. (2003) find hospital
volume effects in addition to surgeon volume effects. This may suggest that hospital
reputation is not merely the sum of the reputation of its physicians.
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Additional supporting information may be found in the online version of this
article:

Appendix SA1: Author Matrix.

Please note: Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author
for the article.
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