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Ryan C. Smith
Abstract

Alcohol use and abuse among college/universitgesits continues as a major public
health concern. One potential source of alcohlated harm is the inability of students to
estimate their current level of intoxication (gBAClhe current four field studies use
breathalyzers to investigate student gBAC and tfieaey of a variety of BAC-feedback tools at
promoting greater awareness of driving risks whiéer the influence of alcohol.

The research was conducted across 89 nights sppeewven academic semesters from
Fall 2009 to Fall 2012. Research tables were dettyween the hours of 6:00pm and 2:00am at
three locations near downtown bar establishmerdsoae on-campus location near a late-night
dining facility. Unique subject codes were credtettack participants across multiple nights of
participation. In total, 12,432 blood alcohol centration (BAC) readings were collected from
10,225 unique individuals.

Study 1 examined general epidemiology acrossigtite. The average BAC of drinking
participants was .100 mL/L. Results revealed $icgmt differences in BAC as a function of
demographic and environmental factors. Additionatlwas found the average student was
incorrect in estimating his or her BAC by .034 mL/L

Studies 2 and 3 examined the accuracy of BAC-@sitom tools (i.e., nomograms,
sobriety tests, and phone applications) and theaef§ of these tools to increase awareness of

driving-related risks. On average, both nomogrants BAC-estimation phone applications



were incorrect in estimating BAC by over .05 mL/8obriety tests performed slightly better
than chance at discriminating BACs of .08 mL/L.

Participants receiving BAC-feedback had increasearaness of driving risk across
levels of intoxication. Nomogram and breathalyzsrdback tended to promote healthier
perceptions of external risk. Sobriety testingtelithe internal perception of feeling less safe t
drive. No effect was observed for BAC-estimatidrope applications.

Study 4 found individuals who received breathatyeedback across multiple nights of
the research were significantly more accuratetahating their BAC. Specifically, individuals
on the fifth night of participation were .017 mUfhore accurate at estimating their BAC as

compared to the first night. Future research aaedspolicy implications are discussed.
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A Multi-Year Field Investigation of Alcohol Consumign among University Students:
Innovations in Assessing and Intervening to RedAlcehol-Related Harm

Alcohol use and abuse among college and univesgityents continues as a significant
public-health concern. Despite the prevalencdaftel-related harm, significant issues remain
with both the measurement of alcohol consumptiahthae efficacy of interventions to reduce
this harm. The following four field studies exmdra framework for extending beyond
traditional measures of self-reported alcohol comstion toward breath-alcohol assessment at
high-risk drinking locations in a university comnityn The research also investigated the
efficacy of blood alcohol concentration (BAC)-edtioa interventions in a field setting.

The data collected for these studies included @2e432 measures of BAC across seven
academic semesters. The analyses of these datenexba multitude of demographic and
environmental predictors of alcohol consumptiondentify risk factors for at-risk drinking.

After exploring these risk factors and the epiddogyg of alcohol consumption among
university students, the current studies examihecetficacy of BAC education to promote
perceptions and behaviors related to the preventiahcohol abuse and its negative side effects.
These interventions included sobriety testing, ngrams, BAC-estimation phone applications,
and breathalyzer feedback. Thus, the proposedestudt only attempted to examine the
epidemiology of university-student alcohol consuimptbut also to promote alcohol-related
safety through BAC-education interventions in &dfigetting.

Overview of Alcohol-Related Harm to Youth

Across the world, alcohol use and abuse remain®btie leading causes of morbidity
and mortality among youth (World Health Organizatiag009). Alcohol-related harm is also a

significant problem for youth in the United Statds.addition to a host of negative alcohol-



related outcomes, youth aged 18-20 have the highegalence of alcohol dependence of any
age group (Grant et al., 2004).

The negative effects of alcohol consumption aréqdarly evident at our nation’s
colleges and universities where college studeritk gignificantly more than their non-college-
attending peers (Merline, Jager, & Schulenberg828@one, Becker, Huber, & Catalano, 2012;
White et al., 2006). Furthermore, college studanésmore likely than their non-college
attending peers to drive under the influence obladt (28.9% vs. 21.6%, respectively; Hingson,
Zha, & Weitzman, 2009; Slutske, 2005; Slutske gt24l04).

In fact, approximately 80% of college students admconsuming alcohol, and about
40% of college students report drinking heavilyANRA, 2002). This translates into six percent
of students being officially diagnosed as alcolepehdent; a third of students fitting the criteria
for alcohol abuse under current diagnostic critearal 44% of students reporting at least one
symptom of either alcohol abuse or dependence {Kmgal., 2002).

Several field studies have identified the excemioisks associated with alcohol
consumption in the university environments of dawnt bars, private parties, and university-
sanctioned fraternity parties (Fournier, Ehrhatin@@&mann, & Geller, 2004; Glindemann,
Ehrhart, Drake, & Geller, 2007; Glindemann, Ehrhistaynard, & Geller, 2006; Glindemann &
Geller, 2003; Glindemann, Geller, & Fourtney, 19&lindemann, Geller, & Ludwig, 1996;
Glindemann, Wiegand, & Geller, 2007; Timmerman,|&elGlindemann, & Fournier, 2003). In
all of these studies, a team of trained researsistasts were sent to designated indoor or
outdoor environments with breathalyzers to meapargcipants’ blood alcohol concentration

(BAC). Across all settings, average BAC was fotm8le above the legal limit of 0.08 mL/L.



The extent of college student use and abuse ofhal@arries significant negative
consequences. It is estimated college alcoholwopson results in 1,825 student deaths each
year (Hingson et al., 2009). Moreover, an estich&@®0,000 injuries, 700,000 assaults, and
90,000 sexual assaults result from college drinkingually (Hingson, Heeren, Winter, &
Wechsler, 2005).

Alcohol consumption among college students hasrhecsuch a national health concern
that Healthy People, the U.S. Department of Heatith Human Services’ ten-year blueprint to
monitor and improve areas of extreme health risktiaually rates reducing binge drinking to be
one of its top priorities. Unfortunately, not oriigs this aim been unattained, but rates of college
binge drinking have steadily risen. The ten-yezal @f Healthy People 2010 was to reduce the
percentage of college students who binge drink 89 in 2000 to 20% by 2010. However,
the percentage of binge drinkers actually increasei.7% during this time (Hingson et al.,
2009). Subsequently, Healthy People 2020 estadulifiine ten-year goal of reducing college
binge drinking to 36% by 2020. Even if this goar& met, it would only reduce binge drinking
three percent below 2000 levels.

Driving Under the Influence of Alcohol

While a multitude of factors are associated withege alcohol-related injury and death,
the most significant source of this harm is trafiafety (Hingson et al., 2009). In 2010 alone, an
estimated 5,419,000 traffic crashes occurred omation’s roadways — resulting in 32,885
deaths and 2,239,000 injuries (NHTSA, 2012b). Tiseslates into a fatality every 16 minutes.
Alcohol was involved in 31% of these traffic fateds (NHTSA, 2012a).

These statistics are even more troubling for Udbitly aged 15-20, where traffic fatalities

are the leading cause of death (NHTSA, 2004). ¥Wuluth comprise only 10% of drivers, they



constitute 14% of all traffic crashes (NHTSA, 20L2&pproximately 30% of youth drivers
killed in traffic fatalities had a positive BAC €., BAC > .00), and 25% were over the legal level
of impairment (i.e., BAC > .08; NHTSA, 2012c). Tpercentage of fatalities that are alcohol-
involved rises sharply from 15% at age 15 to 40%dg 20. However, some research indicates
rates of alcohol-related traffic risks take a diigant upturn when college students reach the age
of 21 (Beck et al., 2010).

Independently, both the age of drivers (Janke, &fgsticKenzie, Gebers, & Kelsey,
2003; Massie, Campbell, & Williams, 1995; Mayhewai\én, Simpson, & Haas, 1981; Peck,
Gebers, Voas, Romano, 2008; Romano, Peck, & V@d2;Sivak et al., 2007; Stewart &
Sanderson, 1984; Williams, 1985) and alcohol impait (Blomberg, Peck, Moskowitz, Burns,
& Fiorentino, 2005; Evans, 2004) are well-documdntsk factors for traffic harm. However,
not only do driver age and level of intoxicatiorveandependent, additive effects (Gebers, 1999;
Peck, Arstein-Kerlake, & Helander, 1994), they disoe a significant synergistic interaction
(Peck et al., 2008). Consequently, this means galnvers operating a motor vehicle while
intoxicated are at a greater risk than would bdamed by the unique effects of age or
intoxication alone.

Yet, alcohol-involvement is particularly high forivers under age 35 (NHTSA, 2008).
This is especially true for college students.s kstimated approximately one quarter of college
students have driven under the influence of alcahtie past 30 days (Beck et al., 2008; Clapp
et al., 2005; Everett, Lowry, Cohen, & Dellinge®9B; Hingson, Heeren, Zakocs, Kopstein, &
Wechsler, 2002; Rothman, DeJong, Palfai, & Sai®&). That translates into two million
college students driving under the influence obhtil each year. The uniquely detrimental

impact of alcohol on young adult frontal executivactioning (a type of functioning highly



involved in driving skills) often turns these higites of drink driving into high rates of traffic
crashes and fatalities (Domingues, Mendonga, Laitanj& Makamura-Palacios, 2009).

In addition to drink driving, riding with an intocated driver is a frequent behavior
among college students. In one study, 56.7% afestis reported accepting a ride from an
individual who had been drinking, and 34.2% of stud reported accepting a ride after the
driver had two or more drinks (Olivera et al., 2D0& has also been estimated 37.2% of college
students rode with in intoxicated driver in theypoeis month (Calafat et al., 2009).

A multitude of demographic and psychological riaktbrs are related to higher rates of
both drink driving and riding with an intoxicatedr including: being male (Beck et al., 2010;
Romano, Peck, & Voas, 2012); young (Peck et aD82&omano, Peck, & Voas, 2012;
Subramanian, 2005; Zador, Krawchuk, & Voas, 20@3s educated (Romano, Peck, & Voas,
2012); unmarried (Romano, Peck, & Voas, 2012); yleyed (Romano et al., 2012);
personality dispositions such as sensation sedKiatafat et al., 2009); previous history of
drunk driving (Portman et al., 2010); history otigged driving (Arria, Caldeira, Vincent,
Garnier-Dykstra, & O'Grady, 2011); driving abilityhile sober (Harrison & Fillmore, 2005);
lower intentions to drive sober (Barry, Howell, &bnis, 2011); using a private car (Calafat et
al., 2009); drinking knowledge (Baum, 2000); anadéo confidence in drinking below the legal
limit (Barry et al., 2011).

Traffic safety has emerged as a major contribw@it¢ohol-related harm among college
students. While many interventions target drinkidg, significant development and novel
solutions to this problem are warranted.

A Novel Research Paradigm



As noted by Ralph Hingson, “The magnitude of peotd posed by excessive drinking
among college students should stimulate both ingmtouneasurement of these problems and
efforts to reduce them (NIAAA 2007, p. 3).” Thumvel approaches designed to address this
alcohol-related harm must not only make measurerahimethodological advancements in
how alcohol consumption is assessed, but alsouimgue ways to educate and reach the
drinking population on campuses of colleges angamsities. This research establishes a
framework to simultaneously address both scientifimains. Through the use of breath alcohol
testing in a field setting demarcated by at-ristohbl consumption, the following series of
studies connects accurate alcohol-consumption steeed with a variety of individually-based
educational interventions targeting the drinkethatcritical moment when s/he is making
consumption and transportation decisions.

Beyond Self-Reported Drinking

The vast majority of research on alcohol consurmptédies exclusively on self-reports of
drinking (Clapp et al., 2009; Gruenewald & Neph&@94; Wechsler et al., 2002). This requires
individuals to accurately recall the precise numifestandard drinks consumed during a given
drinking occasion or, often, across multiple ocoasiduring a specified period of time. This
time period of recall can often span as far as atinoThis approach raises several practical and
accuracy-related measurement questions.

Practically, the number of drinks consumed isroftaly a proxy for the real research
guestion — level of intoxication. Particularly whstudying extreme or binge drinking, the
number of drinks consumed is often peripheral eodéntral question of achieved intoxication.

A variety of factors impact the relationship betwegiantity of alcohol consumed and

intoxication, including: gender, tolerance, speedlcohol consumption, body mass index, and



food consumption (e.g., Levinthal, 2002; Moskow&tBurns, 1990; Nicholson, Wang, &
Mahoney, 1994).

As an example, imagine a study of alcohol consumnpin one’s 2% birthday. Drinker
A is a male who regularly consumes alcohol, ofteaxtreme intoxication. On his 2birthday,
Drinker A consumes 21 drinks spread across tenshafwlrinking. Drinker B is a female who
has never consumed alcohol previously. On h&hthday, Drinker B consumes 21 drinks
over two hours. While traditional approaches t@asuging alcohol consumption would view the
consumption of Drinker A and Drinker B identicaltirjs approach misses critical and
substantial differences in both level of intoxiocatiand risk to the drinker.

Understanding the lack of information provided kifseported number of alcoholic

beverages consumed, The National Institute on AlcAbuse and Alcoholism (NIAAA)
Advisory Council (2007) has suggested definitiohkeavy drinking include reference to both
BAC and time spent drinking. Kypri and colleag(2305) have extended this logic to conclude
estimated BAC (eBAC) should be used as a more gganeasure of alcohol consumption.
Current calculations of eBAC are derived from stadddrinks consumed, duration of drinking,
BMI, and gender. This calculation originally cafmem the Widmark formula (Widmark,
1932), but has been adjusted to better accoumgeioder differences in metabolism (Matthews &
Miller, 1979; Watson, Watson, & Batt, 1981). Thamstruct of eBAC has been incorporated as
an outcome measure in a number of studies (e.gxafder & Bowen, 2004; Hansson,
Rundberg, Zetterlind, Johnsson, & Berglund, 20@fkids, DeJong, & Linkenbach, 2001;
Stahlbrandt, Johnsson, & Berglund, 2007; Turneudsia, & Shu, 2004).

Certainly, eBAC is a closer approximation of inttadion than reported number of

standard drinks. However, eBAC is prone to a ¢ errors. In fact, Clapp and colleagues



(2006) found eBAC and actual BAC to be only modsgsatorrelatedn(= .35). A number of
factors impact the accuracy of eBAC, including dneking environment, party size, and
intoxication of partygoers (Clapp et al., 2006, 200For example, eBAC was underestimated at
private parties and overestimated at a bar set@happ et al., 2009). Discrepancy between
eBAC and actual BAC has also been linked to timensgdrinking, number of drinks consumed,
gender, and year in school (Hustad & Carey, 2005).

Ultimately, eBAC still relies on self-reported nber of drinks consumed.
Unfortunately, while various techniques and methogies can be used to enhance the accuracy
of self-report (e.g., Finney, Putnam, & Boyd, 2QG®f-report is known in the psychological
sciences to be notoriously prone to both randomsgstematic errors (for a review see Schwarz
1999, 2007). For a variety of reasons, this dea@articularly prevalent for self-reported alcohol
consumption (Ekholm, 2004; Grant et al., 2011; Risswood, & Geller, 1986; Shillington,
Clapp, Reed, & Woodruff, 2011; Waterton & Duffy,848 Whitford, Widner, Mellick, & Elkins,
2009). These reasons include blacking out, fatigoeial desirability (Davis, Thanke, &
Vilhena, 2010), misunderstanding the definitioradktandard drink” (Kerr & Stockwell, 2011,
Lemmens, 1994), ignorance of standard drink volufidsite et al., 2005; White et al., 2003),
poor recall while intoxicated (Babor, Steinbergtém & Del Boca, 2000; Hustad & Carey,
2005), and environmental factors that influencés@nitoring of alcohol consumption (Clapp,
Min, & Shillington, 2006). Thus, even the bestHiif BAC equation produces discrepancies
between eBAC and actual BAC (Carey & Hustad, 200%5tad & Carey, 2005).

As has been shown, self-reports of quantity aeguency of alcohol consumption, along
with calculated eBAC, are markedly inaccurate iraswging an individual’s level of

intoxication. However, using the methodology oinrdemann, Geller, Clarke, Chevaillier, and



Pettinger (1998), breath alcohol testers can be tesprovide a highly accurate measure of BAC
(Schechtman & Shinar, 2011). This BAC reading tagan accurate, standard, interpretable,
and objective measure of an individual's levelmabkication. This not only provides an
accurate measure of alcohol consumption, but ateeaningful number to educate student
drinkers on their level of intoxication and risk.

Intervening in the Field

Physiological measures of alcohol consumption enatitansition to field research at the
very locations where at-risk alcohol consumptioouss. In general, field research has a variety
of strengths including external validity, testingngralizability, observing the natural unfolding
of behaviors, and evaluating specific populationsrvironments of interest (Graziano &
Raulin, 2004; Kenrick, Neuberg, & Cialdini, 2010p this context, field research with breath-
alcohol-testing equipment also has the added kesfgdroviding the ideal means and timing to
intervene on student drinking and transportatiodmalvers at the critical moment these
behavioral decisions are made. In many ways,jshasalogous to point-of-purchase advertising
where advertisers target a consumer at the criticathent of product purchase.

This approach is consistent with Russ and Gell@8%) who argue more emphasis
should be placed on intervention strategies thattékeir impact after individuals drink, but
before they operate a motor vehicle. In additmmriproving measurement accuracy, breath
alcohol testing can also functionally serve asw@®for prevention intervention (Russ, Geller,
& Leland, 1988). After all, many researchers hakgued that since drinkers are often unaware
of their alcohol impairment, receiving personaldieack about one’s BAC may reduce the
probability of alcohol-impaired driving (Geller, #9imari, & Russ, 1984; Geller & Lehman,

1988; Geller & Russ, 1986).
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Beyond BAC feedback in a field setting, BAC edugatis a widely used and supported
component of interventions designed to preventgsigce alcohol consumption. In this regard, it
is a harm-reduction approach, which has receivega for its utility with alcohol use and
abuse (Marlatt & Witkiewitz, 2002)More specifically, BAC education is a componenaof
variety of interventions including: BASICS (DimeBaer, Kivlahan, & Marlatt, 1999),
AlcoholEdu (Outside the Classroom, 2010), and Hé#el§LaBrie, 2010). In fact, one meta-
analysis of college drinking interventions found«8f these programs incorporated BAC
education (Carey et al., 2007). A field study afvfound BAC education significantly reduced
patron alcohol consumption in a 12-month, self-reflow-up (Van Beurden, Reilly, Dight,
Mitchell, & Beard, 2010).

These intervention techniques rely on the premidlege students are largely unaware of
their level of intoxication while consuming alcoharlhis conclusion is supported by the research
literature. Several studies have had individuakssg their BAC (gBAC) and compare that
number to their actual BAC as measured by breatthal testers. It should be noted gBAC
which is an individual’'s unaided estimation of bisher BAC differs from eBAC which is a
mathematically-derived BAC estimate based on emyaestemographic and alcohol-consumption
information (i.e., number of drinks, BMI, gendendadrinking duration) into a version of
Widmark’s equation. While some of these studieg@AC have reported individuals tend to
underestimate their BAC at higher BACs and ovenestie their BAC at lower BACs (Grant et
al., 2011; Thombs et al., 2003), it has also bé&emva individuals at higher BACs tended to
overestimate their BAC (Russ, Harwood, & Geller88p Others have argued error in
estimation goes up in general as the number oksliamd actual BAC increases (Bullers &

Ennis, 2006; Kraus et al., 2005).
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While the directionality of the error between gBAGd actual BAC is mixed, there is
research consensus that students are inaccureggragting their BACs (Beirness, 1987; Bullers
& Ennis, 2006; Clapp et al., 2009; Cox et al., 199Eant et al., 2011; Kraus et al., 2005;
Lansky, Nathan, Ersner-Hershfield, & Lipscomb, 19Z@wvis, Merz, Hays, & Nicholas, 1995;
Nicholson, Wang, & Mahoney, 1994; Russ, Harwood;éller, 1986; Thombs, Olds, & Snyder,
2003; Williams, 1991). Error in estimating one’A® (i.e., gBAC) has also been linked to
making risky driving decisions (Beirness, 1987ggesting BAC feedback may not only make
individuals more aware of their level of intoxiaati but also result in safer driving decisions. It
is worth noting individuals are not only inaccuratgudging their own impairment, but also
inaccurate at guessing other’s impairment (McKniglanhgston, Marques, & Tippetts, 1997).
Support for the Field Intervention Approach

The field intervention method described above igdividual-level intervention
approach focusing on BAC education when alcoholdrndng-related decisions are made. In
addition to the frequency and success of similgr@gches, there are a variety of reasons to be
uniquely optimistic about intervening at the sitalzohol consumption. Research has
consistently demonstrated the effectiveness o¥iddal-level approaches at preventing alcohol
abuse (Carey et al., 2007; DeJong & Hingson, 1888mer & Cronce, 2007; Marlatt &
Witkiewitz, 2002). Individual-level interventioriarget individuals and provide specific
feedback that pertains to the drinker. A metaymisiof 62 studies with 13,750 participants
found individual, face-to-face interventions thabyided personalized, normative feedback
predicted the greatest reductions in alcohol-rdlat®blems (Carey et al., 2007). This is the

exact approach used in the current studies.
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As noted by Russ, Geller, and Leland (1988), BA€tback effectiveness is likely
dependent on the social/environmental context. |&\there has been support for individual-
level, BAC-education interventions (DeJong & Hings®998; Marlatt & Witkiewitz, 2002),
research also demonstrates general educationalenteons alone are ineffective, potentially
because they generally occur beyond the time amkmf alcohol consumption and are not
personalized (Larimer & Cronce, 2007). Thus, theraach in the present studies provided
personalized feedback in a non-recreational, psadesl, research context at the time of alcohol
consumption. This provided the drinkers with ajeotive measure of their level of intoxication
that can inform and be associated with their pgszkimpairment.

The following studies examined a variety of meckars and procedures for delivering
BAC feedback. Specifically, breathalyzer feedbadbyriety testing, BAC charts (i.e.,
nomograms), and BAC-estimation phone applicatioesevgelected as potential
feedback/educational interventions.

Research Plan

The following studies tested the efficacy of fiaitkerventions to promote BAC
awareness. This approach is based on the prepollsge students make at-risk decisions under
the impairment of alcohol in part because of a laichwareness of their level of intoxication.
Certainly, this premise has received recent engligapport (e.g., Grant et al., 2011) and the
general intervention method is grounded in emginesearch (e.g., Carey et al., 2007). As
conceptualized originally in Russ and Geller (1985¢se interventions can provide
individualized feedback to the drinker through “a@®@chart..., via self-testing of BAC, or

through performance on behavioral measures (p. 16).
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The following four studies tested the fundamensaluanption college-student drinkers
are unaware of their BAC and also evaluated theasy of breathalyzer feedback, BAC charts,
and sobriety testing at promoting safe decisionintakfter college students consumed alcohol.
Incorporating technological advances that couldogotoreseen at the time of their original
article (Russ & Geller, 1985), this research alstingated the accuracy and efficacy of BAC-
estimation phone applications.

Overview of Dataset

All data were collected by research teams in teet€ for Applied Behavior Systems
(CABS). The Center for Applied Behavior Systemsicainded by Alumni Distinguished
Professor E. Scott Geller in 1987. The Centepisskd within the Virginia Tech Psychology
Department. Each year, CABS supports approxim&@lyndergraduate researchers, five
graduate students, and two center coordinatorsa draduate student in CABS, the dissertation
author directed and supervised the collection lodatia for the present research.

Across 89 nights, spanning seven academic semesteifour years, researchers
collected data between the hours of 6:00pm andaZnQ@ear downtown bars and at an on-
campus, late-night dining facility of a large pw@hliniversity in the southeastern United States.
Researchers recruited passersby at these locatihsollected demographic, environmental,
and psychological information from participantsll garticipants also created a unique,
anonymous subject code so they could be trackedsicepeated nights of participation. After
completing this questionnaire, participants weenthdministered a breath alcohol test to
determine their BAC. These BACs can be associatvarious psychological states,

environmental events, drinker perceptions, andas@tienomenon.
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While a common study protocol and method werewdd across all nights, the survey
guestions and procedure varied depending on tlearas topic for a given night or set of nights.
Several standard questions were asked acrosghtsniThis included demographics, estimated
BAC, intended BAC, and designated-driver relatedsgions. The following studies answered
various questions from this larger database. 8sutliand 4 examined questions asked across all
nights and investigated the full database. Stuglisd 3 examined more specific research
guestions and only used data from the nights wpenific procedures and questions were
employed.

General Method

Overall participants and setting. In total, 12,432 BACs were collected from 10,225
unique individuals at research tables between dleshof 6:00pm and 2:00am. These research
tables were set up near downtown bar establishnagts late-night, on-campus dining facility
at a large university in the southeastern UnitedeSt Data were collected on 89 nights across
seven academic semesters.

Approximately, 70% of participants were male (i@,646). Slightly more than 20% of
participants were members of a Greek organizationZ,116). Seniors represented the largest
percentage of participants based on class (n Z13.303%)

Apparatus. Participants’ BACs were assessed using handhfdibc FC-20 breath
alcohol testers (Lifeloc Technologies, Inc., Whatge, CO). Lifeloc FC-20 models are
accurate to £0.005 mL/L. Each data-collection teeed two breathalyzers and rotated use of
these units to prevent alcohol saturation and peadequate time for reset. To ensure optimum
performance and accuracy, the breathalyzers wéleatad regularly throughout the four years

of data collection.
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General procedure. On each night of the study, three teams of reseasset up tables
at multiple downtown locations near college-baakbkshments and one on-campus location near
a late-night dining facility. Each of these thresearch teams consisted of two
recruiters/surveyors and one breathalyzer admatstr An undergraduate or graduate project
leader was also assigned to each table to ensumessstent protocol was followed and to aid in
maintaining an effective research environment.

All research personnel completed IRB Human Subjéasing prior to collecting data.
Additionally, each research assistant was requoedtend a two-hour training session at the
beginning of each semester. Immediately prioraicheshift of data collection, research
assistants attended a one-hour training sessitimegoroject.

Surveyors began by randomly recruiting passersieaett of these locations. These
individuals were trained to recruit at random,spective of an individual's perceived level of
intoxication. Thus, completely sober people calib be recruited into the study. Once a
passerby indicated interest, the surveyor handadhiher an information sheet about the
project, asked if s/he was 18 years of age or @ddr thus, able to provide consent. The
surveyor informed the potential participant thaitdstdata are collected anonymously and
confidentially, and s/he is free to withdraw frohetstudy at any time.

The potential participant was then given the opputy to ask any questions about the
study procedure or research. Surveyors notifiddmi@l participants they could not eat, drink,
smoke, or chew gum for the duration of the procedas it adversely impacts breathalyzer
readings. If the individual agreed to participatae was then administered the survey.

The surveyor read all questions aloud and recbpdeticipant responses. This was done

to ensure written responses were legible and thecipant fully comprehended each question.
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It was also done to make sure the questionnairdakas seriously. The surveyor first collected
demographic information, including gender, collegtendance, year of study, and Greek-life
status. The time and location of the survey wése gecorded. The participant was then
administered questions specific to the particulghtof data collection.

After completing the survey, the participant wassed along to the breathalyzer
administrator. At this point, the breathalyzer aaistrator used a permanent marker to write the
Greek letter psi () on the back web of the participant’'s hand. Emsured participants could
only get breathalyzed once per night. Then, thrégy@ant swished approximately two ounces of
water in his or her mouth to remove any residuadtabl (Chu, Wells, King, Farrar, & Drummer,
1998).

The participant’'s BAC was then assessed using dhehth breath alcohol tester. A
standardized sampling procedure was used to etisimllection of alveolar (i.e., deep lung)
air. Individuals blowing over .200 mL/L were askede-swish their mouth with water and
retest to make sure the reading was not due tduaisalcohol. Participants were then
confidentially informed of their BAC and shown aachexplaining this reading. All participants
who registered above .05 mL/L were cautioned nalrite.

Overview of Current Studies

Study 1 provided a general epidemiological assessofecollege drinking. This study
analyzed the 12,432 breath alcohol test readirugs frarious drinking locations across 89
separate nights during seven consecutive academesters. The study provided valuable
insight into environmental and social determinatalcohol consumption among university
students. This included calculating average BAsSsyell as BAC differences as a function of

specific demographic characteristics, includingdgnyear in school, and membership in a
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Greek-life organization. The relationship betweéenking intentions, estimated BAC, and BAC
was also explored. Finally, BAC data from desigdadrivers (DDs) was examined. The
sobriety of both DDs and the passengers of DDsimeestigated. Gender, Greek-life
membership, and factors determining the choice@Davere explored as potential risk factors
for DD intoxication.

Study 2 investigated the efficacy of a varietyrafividual-based field interventions to
promote greater awareness of one’s level of inad}a0. Nomograms, sobriety tests, and breath
alcohol feedback were used to provide BAC educaimhawareness. The accuracy of
nomograms and sobriety tests was examined in casopato actual BAC. Individuals receiving
each type of intervention were compared to a cobgoaup in order to assess if receiving
different types of BAC feedback increased percegtiof driving risk at higher BACs.

Study 3 investigated the efficacy of a developechhological phenomenon — smart
phone applications. A multitude of BAC-estimatjamone applications are created and
downloaded hundreds of thousands of times by usées. the accuracy and efficacy of these
phone applications to prompt safer driving choicage not been systematically compared. This
study examined the accuracy of the eight most doaddd free BAC-estimation phone
applications. Furthermore, it tested whether thrmne applications can shift an intoxicated
individual's perceptions toward safer driving démms as compared to receiving nomogram
feedback or no feedback.

Study 4 provided a longitudinal examination of éfiects of repeated BAC feedback.
While the impact of breathalyzer feedback on samgktrdrinking and driving decisions has
received limited research attention, the longitatieffects of this feedback have not been

comprehensively investigated. Across multiple geparticipants received BAC feedback at
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research stations set up near downtown bar edtai@ists and on-campus near a late-night
dining facility. These individuals were longitudily tracked using a unique, anonymous subject
code. This study examined the impact of this reggeBAC feedback. More, specifically, this
research determined whether repeated BAC feedlegiticed the discrepancy between

participant-estimated and actual BAC.



19

Study 1: A Four-Year Field Investigation of Demograhic, Environmental, and
Psychological Determinants of Alcohol Consumptionrmong University Students

Few investigations of alcohol consumption havenbm@nducted using actual assessments
of blood alcohol content (BAC) in a field settinyet, the more commonly implemented method
of using self-reports of alcohol consumption iafplagued by inaccuracies and error. Using
the field methodology of Glindemann and colleagd€9€8), the current study provided a multi-
year, field assessment of college drinking in dammt and on-campus settings.

The aims of the current study were to a) providemeral epidemiological assessment of
at-risk college drinking; b) examine psychologi@lyironmental, and demographic risk factors
for high-risk alcohol consumption; and c) assegareety of college-student perceptions and
decisions while under the influence of alcohol.e@al emphasis was placed on the relationship
between drinking intentions, participant-estimaB&C, and observed BAC as assessed via
professional breath alcohol testers. The usetysafed potential side effects of designated
drivers (DDs) were also evaluated.

Basic Epidemiological Assessment

A dearth of alcohol research has been conductédlthsettings regarding at-risk alcohol
consumption. This is particularly true for downtowar locations and on-campus. Research
conducted in a similar setting during 1992-1995fbaverage BACs of drinkers were .063mL/L
(Glindemann et al., 1998). In early 2000, the samsearch team found an average BAC
between .087 mL/L and .090 mL/L (Glindemann et2007). Future research is needed to
examine the stability of this trend.

Designated Drivers
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Much research has been dedicated to protectiviegiea for reducing alcohol-related
harm. These protective strategies have not ordy lseown to reduce drinking, but also alcohol-
related negative consequences (Martens et al.,)2@de of the most commonly reported
protective strategies among college students isiskeof a DD (Delva et al., 2004; Haines et al.,
2006; Martens et al., 2004; Walters, Roudsari, Yaflédarris, 2007). In fact, one study found
75% of females and 70% of males reported using iD&piently (Walters et al., 2007). It has
also been estimated 86% of college students haaai®D at least once, albeit 94% of
individuals said the DD occasionally consumed abt¢Barr & MacKinnon, 1998). Males tend
to be more likely than females to use a DD (Hagtes., 2006).

Unfortunately, riding with a drink driver is alsdr@quent behavior among college
students. In one study, 56.7% of students rep@tedpting a ride from an individual after they
had been drinking, and 34.2% accepted a ride aftendividual had two or more drinks (Olivera
et al., 2002). Also, 37.2% of college studentregal riding with an intoxicated driver in the
previous month (Calafat et al., 2009).

The time of the night DDs are chosen is criticalite level of alcohol impairment among
DDs (Timmerman et al., 2003). A recent study amaoitege students found choosing a DD
before beginning drinking was significantly relatedower intoxication of the DD (Demody,
Cheong, & Walther, 2012). Yet, only slightly mdhan half of college students believe a DD
should be chosen before drinking begins (Glaséofight, & Jenkins, 1994; Lange, Voas, &
O’Rourke, 1998). Even more disconcerting is theepbation DDs are often chosen as the
person who is least intoxicated (DeJong & Winsi&99; Ditter et al., 2005; Knight, Glascoff,

& Rikard, 1993; Rothe, 1996)
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Aside from the sobriety of the DD, the impact o¥img a DD on alcohol consumption is
also a concern. The current body of researamcnclusive regarding whether having a DD
results in higher levels of intoxication among asgers. A plethora of self-report studies have
demonstrated that having a DD is associated wghdrilevels of intoxication (Barr &
MacKinnon, 1998; Boots & Midford, 1999; Caudillat, 2000, 2001; DeJong & Winsten, 1999;
Harding & Apsler, 1993; Harding, Caudill, & Moor2Q01; Harding, Caudill, Moore, & Frissell,
2001). Yet, other studies demonstrated no suehioekhip (Rothschild, Mastin, & Miller,

2006; Timmerman et al., 2003). Higher levels ababl consumption among drinkers with a
DD could not only be dangerous for the drinker, &ab for the DD who faces increased driving
risk (e.g., distractions from passenger roughhaysiomiting, or passing out) as the intoxication
of passengers increases (Rothe & Carroll, 2009%uS&dreas, & de Faria, 2005).

Other research evidence links misestimation of Bp&ticularly underestimation, with
at-risk driving decisions (Beirness, 1987). Adultally, since research consistently
demonstrates physiological impairment begins &ebow a BAC of .05 mL/L (e.g., Filtness,
Rudin-Brown, Mulvihill, & Lenné, 2012; Friedman, Biason, & Yelland, 2011; Greenfield,
1998; Hutt, 1997; Levinthal, 2002; Mann, 2002; Mos#ktz & Burns, 1990), DD sobriety was
examined at a variety of intoxication levels. Thihe current research examined the following
guestions: Do college-student DDs remain soberdaed having a DD encourage higher levels
of intoxication?

Gender

Gender differences in alcohol consumption are dyoa Traditionally, male students

have been shown to consume greater quantitiesolal than their female counterparts (Geller,

Altomari, Russ, & Harwood, 1985; Geller, Clarke K&lsher, 1991; Geller & Lehman, 1988;
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O’Malley & Johnston, 2002; Presley, Meilman, & Ligerl993; Vaisman-Tzachor & Lai, 2008;
Tremblay et al., 2010). However, this phenomenay quickly be changing on college
campuses.

While gender differences in alcohol consumptiana@ significant in high school, these
differences are markedly less in college (Clapm,Mshillington, Reed, & Croff, 2008; Grucza
et al., 2009; Keyes, Li, & Hasin, 2011; Keyes, Mat Blanco, & Hasin, 2010). Recent research
suggests college males and females are both dgrkihigher levels, but rates of drinking
among females are growing faster than those amabgsniGrucza, Norberg, & Bierut, 2009;
National Center on Addiction and Substance AbuB67}

While there are a multitude of studies examinimgrelationship between gender and
alcohol consumption (Schulte, Ramo, & Brown, 20@%e is substantially less research
examining the underlying social and psychologicathanisms for changes in gender-related
trends in alcohol consumption. Essentially, thesaaof research examines either, (a)changes in
gender-related alcohol use patterns over timeh)th¢ determinants of gender differences in
alcohol consumption at a single time point. Raeglythese two research questions combined to
examine changes in the determinants of genderéifées in alcohol consumption over time.
Thus, there is research gap in the examinatioheotihderlying reasons for changing trends in
alcohol consumption as a function of gender.

However, some plausible explanations have emédrgetdthe research literature. One
possible explanation for the decrease in gendéerdiices in alcohol consumption is a merging
of alcohol expectancies prior to adulthood betweates and females (Chen, Grube, & Madden,
1994; Randolph, Gerend, & Miller, 2006). Particlydor underage drinkers, increased

availability of alcohol across both genders mayp gy a role in this phenomenon (Brown et al.,
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2008). Furthermore, changes in parental monitosigch has been demonstrated as a
protective factor for females (Schinke, Fang, &€ @008) may also lead to a lessening of
gender differences in alcohol consumption (BarRestman, Farrell, & Dintcheff, 2000;
Tildsley & Andrews, 2008; Webb, Bray, Getz, & Adargde02).

It is also likely a host of socialization factgesg., norms, peer pressure, and gender
roles) could be attenuating gender differenceddohaml consumption. A variety of studies have
demonstrated the strong relationship between aleghsumption norms and drinking
behaviors (Bates & Labouvie, 1995; Graham, Marksjasen, 1991; Jacobs & Johnston, 2005).
This is especially true for gender-specific normassus gender-nonspecific norms, and a change
in acceptance of female drinking could thusly timo females consuming greater quantities of
alcoholic beverages in relation to males (Lewis &dthbors, 2004). These norms regarding
alcohol consumption have also been shown to trangito gender roles for alcohol
consumption (Perkins, 2003; Maccoby, 1988). Indebdnging perceptions of alcohol-specific
gender roles could also result in increases in kemlaohol consumption (Chomack & Collins,
1987; Landron, Bardwell, & Dean, 1988; Ricciardellonnor, Williams, & Young, 2001;
Wilsnack & Wilsnack, 1978).

The vast majority of alcohol research on gendiertinces relies entirely on self-
reported alcohol consumption. Yet, substantiadgewifferences in the processing of alcohol
make the use of self-reported number of alcohahebages consumed highly misleading as a
measure of intoxication. For example, statisticaktating a male who reports consuming five
alcoholic beverages as consuming a greater amdahtahol than a female who reports
consuming four alcoholic beverages would negleetf#iat that the female may actually achieve

a higher level of intoxication. Analyzing the nuemntof drinks consumed versus the level of
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intoxication in this example would actually prodwagposite results. Thus, field research with
breath alcohol testing is critical for assessingdge differences in alcohol consumption.

In addition to overall gender differences in leg€Intoxication, the interaction of gender
and designated driving has critical applicationifanations. Timmerman and colleagues (2003)
found female DDs had significantly lower BACs ththeir male counterparts in a downtown
field setting. However, this study included onyBDs and only 20 of these DDs were female.
Furthermore, this work was conducted a decade ¥¢jth the changing trends in gender-based
differences in alcohol consumption, questions stithain. Are males still reaching significantly
higher levels of intoxication than females? Do &rDDs still remain more sober than their
male counterparts?
Membership in a Greek-Life Organization

It has been consistently shown that members ofkdfeeorganizations consume more
alcohol than non-members of Greek-life organizatif@ashin, Presley, & Meilman, 1998;
Scott-Sheldon, Carey, & Carey, 2008; Wechsler, KubDavenport, 1996). This relationship
also extends to heightened risk for a variety oblabl-related negative consequences including:
hangovers, driving under the influence of alcolholl unprotected sex (Wechsler, Kuh, &
Davenport, 1996). However, field research thatdlB&C as a dependent variable found no
significant differences between the BACs of Graékdnd non-Greek-life students when
consuming alcohol in the same setting (Fournied.e2004; Glindemann & Geller, 2003).

A field study of fraternity versus non-fraternitgnties adds innovative insight into one
possible reason for this discrepancy between selbit and field research regarding alcohol
consumption among Greek-life students (Glindemar@e8ler, 2003). Across 1,525

participants at 19 separate parties, the effepadiy type (i.e., fraternity vs. non-fraternity)dan



25

Greek-life membership were examined. Results atdit that while BACs were significantly
higher at fraternity parties than non-fraternitytjgs, BACs were not significantly different for
Greek versus non-Greek attendees at either typartf. Thus, members of a Greek-life
organization may face heightened environmentalfastors which result in higher overall rates
of alcohol consumption. However, this does noessarily mean Greek-life individuals drink
more than non-Greek-life individuals within a giveontext or environment. Certain
environmental factors likely influence the amouhélzohol consumption and degree of
intoxication.

Thus, in a specific downtown context, are Gree&4ifudents reaching higher levels of
intoxication than peer, non-Greek-life students?
Drinking Night

Research on college students has demonstratecepeltted patterns of alcohol
consumption change as a function of the day owbek (Dierker et al., 2006; Hoeppner et al.,
2012; Wood, Sher, & Rutledge, 2007). Out of thekeays, Thursday is linked to the highest
rates of alcohol consumption (Del Boca, DarkeseBlbaum, & Goldman, 2004; Tremblay et al.,
2010; Wood et al., 2007). Yet, field research&as demonstrated alcohol consumption among
college students on Thursday night is more popardrextreme than even weekend drinking
(Glindemann, Geller, Clarke, Chevalillier, & Pettngl1998).

This is troubling because weekday drinking is éidko a variety of negative outcomes.
In terms of academics, Thursday drinking is assediavith lower interest in college schoolwork
(Hoeppner et al., 2012). In terms of health aridtgait has been shown college females who
drink on Thursday are significantly more likelydgmperience negative consequences stemming

from alcohol (Ward, Cleveland, & Messman-Moore, 201
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To date, the research in this area remains inceivelu This leaves alcohol researchers
and college administrators wondering which drinkmght produces the most extreme levels of
intoxication? The current multi-year field resdaprovides insight regarding this empirical
guestion.

Intoxication Intentions

The relationship between drinking intentions aatial consumption carries significant
implications for alcohol-related negative consegasnand intervention efforts. If college
students are largely inaccurate in their estim8#®@s, it seems plausible the relationship
between actual intoxication and intended levelswixication may be similarly disparate.

An examination of the relationship between drigkintentions and alcohol intoxication
was conducted by Glindemann, Geller, and Ludwi®@)9 These researchers measured the
intended BAC of partygoers one week prior to aginaity party and again as they entered the
party. Results showed a moderate to strong coiwelaetween both BAC and intended
intoxication one week prior to the party< .54) and between BAC and intended intoxication
when entering the party € .63). It is noteworthy these correlations wexarkedly higher for
males (.63 & .67, respectively) than for femal@8 & .29, respectively). However, while the
correlations indicate the level of association lewintentions and BAC, the researchers do not
provide the average difference between intendecaatdhl BAC. Furthermore, the study only
examined 43 individuals and was conducted more 1®ayears ago.

Research has demonstrated a link between exp@tteitation and self-perceptions of
impairment (Fillmore, Roach, & Rice, 2002; Williami®91). It has been found intoxicated
individuals who intended to have BACs below thealdgmit actually reported feeling safer to

drive compared to individuals at the same BAC blbwtended to have BACs over the legal
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limit (Smith, Geller, & Schry, 2010). Thus, BAC etttions also have implications for alcohol-
impaired driving.
Method

Participants and Setting

In total, 12,432 surveys were collected from 18,88ique participants across 89
separate nights. Data were collected across smagemic semesters between Fall 2009 and
Fall 2012. The sample was 69.5% male (n = 7,0d@panpared to female (n = 3,094).
Furthermore, 20.9% of participants were membes @feek-life organization (n = 2,116) as
compared to non-members of a Greek-life organingino= 7,995). Student classification (e.g.,
freshman, sophomore, etc.) of the sample is proMidéigure 1. Seniors represented the largest
group of participants (n = 3,991; 39.3%).
Procedure

The general procedure described in the overvietwsewas used to collect survey
information and administer breath alcohol testgadicipants. Individuals were limited to
participation once per night, but could participateoss multiple nights of the study.

Results

All analyses only examined an individual’s firshé participating in the study.
Furthermore, only college students were includedifese analyses. This resulted in 8,470
remaining participants for data analysis.
General Epidemiological Assessment

Across all participants, 16.4% (n = 1,391) wermptetely sober (i.e., BAC = 0.00
mL/L). The average BAC of drinking participantssn8998 mL/L (SD = .047). Over 80% of

drinking participants had a BAC over .05 mL/L (ilegal impairment). The legal limit to drive
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(i.e., .08 mL/L) was exceeded by 62.9% of partinipa Greater than 10% of participants were
more than twice the legal limit (i.e., .160 mL/Lyhe maximum BAC was .267 mL/L. A
histogram of BACs is provided in Figure 2, and sk@anearly perfect normal distribution of
BACs.

Demographic Differences in Alcohol Consumption

The relationship between demographic variablesBax@ was examined with a 2
Gender (Female vs. Male) X 2 Greek Status (GreeNwon-Greek) X 5 Class Status (Freshmen
vs. Sophomores vs. Juniors vs. Seniors vs. Gradiatkents) analysis of variance (ANOVA).
The overall ANOVA was significant, F(19, 6990) =.9@, p<.01; =.059. There was a
significant Class by Greek-life membership intei@tt F(4, 6990) = 3.0 = .02; ?=.002.
Significant main effects were observed for Clagd [B990) = 35.85) < .01; *=.02], Gender
[F(1, 6990) = 5.18p = .02; 2=.0007], and Greek-life membership [F(1, 699@9%17,p < .01;

2=.006]. Tukey's posthoc testing showed freshiareth sophomores had lower BACs than
juniors and seniors. Juniors and seniors alscslwguificantly higher BACs than graduate
studentsf’'s < .05). Males and members of Greek-life orgatians had higher BACs than
females and non-members of Greek-life organizatidreble 1 shows average BACs as a
function of demographic group.

The significant interaction between class and &tde membership is depicted in
Figure 3, indicating differences in Greek-life Affiion on BAC did not emerge until sophomore
year. Average BACs are also depicted as a fundiatass and gender in Figure 4. Finally,
average BACs as a function of Greek-life memberahigh gender are depicted in Figure 5.

Environmental Factors and Blood Alcohol Concentraton
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The day, semester, and year of participation wwesessed as environmental factors
potentially contributing to differential levels oftoxication. This was investigated with a 5 Day
(Monday vs. Wednesday vs. Thursday vs. Friday atur8ay) X 2 Semester (Spring vs. Fall) X
4 Year (2009 vs. 2010 vs. 2011 vs. 2012) ANOVA.e Diverall model was significant, F(16,
7062) = 5.58p < .01; %=.012. There was a significant main effect fay,dF(4, 7062) = 7.26,
p<.01; >=.004. No other main effects nor interactioreched significance(s > .05).
However, the interaction between semester and plapached significance,= .0502.

Average BACs as a function of these environmeitetiors are provided in Table 2.

Tukey's posthoc testing was used to examine BAferdinces by day. Results indicated
BACs on Monday were significantly lower than BAGs @very other day except Friday. The
BACs on Thursday were significantly higher than BA@h Friday. No other significant
differences were observed as a function of dayerage BACs on Thursday, Friday, and
Saturday are provided as a function of gendergurfé 6.

Transportation Decisions

Both the selected means of return transportatohtiane this transportation decision was
made were recorded. Analyses focus on DDs antinigetransportation decisions were made.
Overall, 2,320 (32.5%) student participants rembrteaking their transportation decision days in
advance. Most commonly (n = 3,781; 52.9%) studesgerted making their transportation
decision earlier that day. Another 779 (10.9%jletis made their decision after arriving
downtown. Finally, 262 (3.7%) participants werd shdecided about how they were getting
home at the time of participation in the research.

Many of the DDs in this study (37.9%) were comgiesober at the time of participation.

Designated drivers who consumed alcohol also hsgraficantly lower BAC (.0628 mL/L) than
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drinking non-DDs [.0996 mL/L(6651) = 10.03p < .01]. An ANOVA was performed to
examine if DD sobriety changed as a function of mtiee DD was selected. Results were non-
significant, F(3, 164) = 2.39 = .07. Table 3 provides DD sobriety informatianaafunction of
when the transportation decision was made.

Demographics and DDs.Two Chi-Square tests were performed to examine the
relationship between gender, Greek-life membersind,DD sobriety. Designated drivers who
consumed alcohol were classified as non-impairédJB .05) or impaired (BAC .05).
Gender and Greek-life membership were examinedparate, 2 X 2 Chi-Square tables.

The first Chi-Square test examined the relatignsl@tween gender and DD sobriety.
Results indicated male DDs were significantly mideely to be impaired (60.2%) than female
DDs (40.8%; 2= 5.23,p = .02). While a higher percentage of Greek-lil2dY66.7%) were
impaired as compared to non-Greek-life DDs (51.8%@,second Chi-Square test was not
statistically significant,” = 1.83,p = .18. Table 4 shows DD sobriety as a function of
demographics.

Impact of having a DD. Overall, 42.5% of students reported having a @sults
indicated females (49.97%) were significantly midtely than males to have a DD (39.30%),
=63.21,p<.001. Members of a Greek-life organization (8%a} were also significantly more
likely to have a DD than non-members of a Greek4ifganization (34.48%)? = 525.24p
< .001.

A 2 Have DD (Yes vs. No) X 2 Gender (Female vs. 1A 2 Greek-life Status (Greek
vs. Non-Greek) ANOVA was performed on the dependantble of BAC to examine the
impact of having a DD on alcohol consumption asrecfion of gender and Greek-life status.

The overall ANOVA was significant, F(7, 6422) =93,p< .01; *=.016. There was a



31

significant interaction for gender and having a 1, 6422) = 6.79 < .01; *=.001. The
three-way interaction, Greek-life status and hateilteraction, and main effect for having a
DD all failed to reach significancp;s > .10. The interaction between gender and ftpaibD
is depicted in Figure 7, showing males with a Dbdied to have a slightly higher BAC than
males without a DD, while there was no impact &anéles.

Student Drinking Intentions

A moderate correlation was observed between iegathd actual BAC (= .413,p
<.01). On average, the discrepancy between BAlOrdended BAC was .0435 mL/L.
Students averaged a BAC of .0123 mL/L lower thartimtended BAC. Indeed, 57.8% of the
students had BACs lower than their intended BAC.

A 2 Gender (Female vs. Male) X 2 Greek-life Stgtaseek vs. Non-Greek) ANOVA
was performed on the discrepancy between intendeédetual BAC. The overall model was
significant, F(3, 5094) = 6.4%,< .01; %= .004. There was a significant main effect fender,
F(1, 5094) = 15.93 < .01; ?=.003. Results showed females had a signifigamilaller
discrepancy between intended and actual BAC (.0dl/L) than males (.0450 mL/L). Neither
the interaction nor the main effect for Greek-Btatus was significanp’s > .10.

Student Estimation of Intoxication

On average, students were incorrect in estimatiag BAC by .0338 mL/L. However,
the directionality of estimation error varied laiygas a function of current BAC. Individuals
with lower BACs tended to overestimate their leskintoxication, whereas individuals with
higher BACs tended to underestimate their levehtuixication. This relationship is graphically

depicted in Figure 8.
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A 2 Gender (Female vs. Male) X 2 Greek-life Stgtaseek vs. Non-Greek) ANOVA
was performed on the discrepancy between estinBé€tiand actual BAC. The overall model
was significant, F(3, 4988) = 6.06< .01; %= .004. There was a significant main effect for
gender, F(1, 4988) = 7.39< .01; ?=.001. A significant main effect was also obserfor
Greek-life status, F(1, 4988) = 9.}ix .01; ?=.002. The interaction term was not significant,
p > .10. Results indicated males and non-Greekstifieents were slightly more accurate at
estimating their BAC. This is graphically depicted=igure 9.

Discussion
General Epidemiological Assessment

The vast majority of alcohol research relies higaam self-reports of drinking (Clapp et
al., 2009; Gruenewald & Nephew, 1994; Wechslet.e2802). Particularly when assessing
binge drinking, self-reports can create substamtedcuracy in the measurement of alcohol
consumption (NIAAA, 2007). The limited researclingsbreath alcohol testers in a similar field
setting has found BACs around .063 mL/L from 19988 and .087- .090 mL/L from 2005 to
2006. The present research was conducted from 20212 and found an average BAC
of .100 mL/L. Considering these research studieewonducted on the same university
campus, this could accurately represent a 10-5@%ase in average BACs over the past decade
in this particular university context. It is ditfilt to determine if a similar increase in levels o
intoxication in this university setting generalizesother colleges and universities.

In addition to a high mean BAC, a majority of diiimg participants were reaching at-risk
levels of intoxication. Over 80% of the alcoholksoming participants were at a BAC over .05
mL/L and nearly 63% were over the legal limit tovdr Furthermore, it is possible the average

BAC is slightly underestimated because extremelyxicated individuals would not be
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physically capable of participating in the resear@hus, the true upper-end of intoxication in
this setting was not captured by the data. Regssdthe observed levels of intoxication are at
truly dangerous levels, placing many studentsgtt hisk for physical and psychological harm.
Demographic Differences in Alcohol Consumption

There has been a host of inconsistent and cantiititerature regarding demographic
differences in alcohol consumption. Some of thnsistency emerges from how alcohol
consumption is measured (i.e., eBAC, BAC, or stashdainks consumed; NIAAA; 2007). For
example, in consideration of average gender difigge in body mass and alcohol processing, a
finding that males consume greater numbers of arandrinks than females does not necessarily
reflect differences in levels of intoxication osasiated risk. This was a point made my Henry
Wechsler when he defined different numbers of stethdrinks for each gender as qualifying as
binge drinking (Wechsler, Dowdall, Davenport, & Rim1995). This scholarship recognized
females are at greater risk with fewer standanakdtri

Differences in drinking context can also creaféedential drinking outcomes as a
function of drinker demographics. Greek-life dienk reflect one notable example. While many
studies have linked membership in a Greek-life oigtion to higher levels of alcohol
consumption (e.g., Scott-Sheldon et al., 2008; Wleclet al., 1996), it has also been shown
Greek-status did not predict level of intoxicatwsithin a single setting (e.g., Fournier et al.,
2004; Glindemann & Geller, 2003). Thus, the oveatdference in alcohol consumption related
to Greek-life is often a function of members of @€k-life organization more often finding
themselves in at-risk drinking environments (efrgternity parties; Glindemann & Geller, 2003).

The current investigation is the largest fielddgtusing breath alcohol testing to examine

the relationship between demographics and BAC.ef@¢important findings emerged from this



34

study. Statistically, many relationships betweemdgraphic factors and BAC were observed.
Indeed, Table 1 shows a variety of BAC differenatgch are summarized.

Gender differences. Significant gender differences were observed. @mage, males
had a BAC that was .0035 mL/L higher than the ayemAC of females. This lends support to
previous research that found significant genddedi#hces in alcohol consumption (e.g., Geller
et al., 1985, 1991; Vaisman-Tzachor & Lai, 2008&nhblay et al., 2010). Yet, while this
difference is statistically significant across mtran 10,000 BAC readings, the difference may
not have reached practical or clinical significand® add perspective, this BAC difference is
small enough that it falls below the margin of effiar even the highest quality breath alcohol
testers. Thus, these findings may actually be rmonsistent with research that shows an
attenuation of gender differences in BAC (Gruczalgt2009; Keyes et al., 2011).

Greek-life status. Members of a Greek-life organization were notydrdlf as likely to
be sober as compared to non-Greek-life memberslbothad BACs averaging an extra .0132
mL/L. In addition to statistical significance, $iBAC difference also borders on clinical
significance. However, this level of BAC increaseuld not drastically multiply health risk.

While other field studies have not shown a sigaifit difference in BACs based on
Greek-life membership (i.e., Fournier et al., 20G4ndemann & Geller, 2003) it is possible
earlier studies did not have the power to detest@larly small effect. Results align with a
multitude of self-report studies showing signifit&AC differences as a function of Greek-life
membership (e.g., Cashin et al., 1999; Scott-Sinet¢d@l., 2008; Wechsler et al., 1996).
However, the data suggest this difference is smigtiin this specific, college-drinking context.

Class status. Results indicated a separation in the BACs ofucldssmen and

upperclassmen. Indeed, upperclassmen averagedCa@®A7 mL/L higher than the BACs of
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underclassmen. Graduate students and alumni h&sBatween the class extremes. Freshman
and sophomores were also significantly more likeljpe completely sober.

The discussion of class status cannot be sepdratacconsiderations of the legal
drinking age. While the majority of freshmen awoglsomores are under 21, this is not the case
for all other groups. This creates very differénbking experiences and opportunities for
underclassmen versus upperclassman. Indeed, tleeface SO many underclassmen were
intoxicated is noteworthy in itself.

Clearly, both freshmen and sophomores, many ofmvace presumably underage, are
gaining access to alcohol. However, within theskel fcontexts, their access to alcohol and
drinking opportunities are clearly different. Thusderclassmen may be more likely to rely on
pregaming before they enter a public drinking sgtor sneaking limited numbers of alcoholic
beverages downtown. Both of these conditions woold the observed BACs of
underclassmen. Accordingly, it is difficult to demine if these BAC differences would
generalize to an environment without similar legahstraints on alcohol consumption.

Class by Greek-life status interaction. There was a small, but statistically significant,
interaction of class and Greek-life status on n@AG. As can be observed in Figure 3, there is
a strong trend for members of a Greek-life orgaronao have higher BACs across all years of
school with the exception of freshmen year, whieed is no noticeable difference. Thus, main
effects for both class and Greek-life membershguihbe interpreted in consideration of this
significant interaction. However, with only a sséitally small interaction, it would be remiss to
disregard all consideration and discussion of neffects. Thus, these main effects still add

insight into college alcohol consumption.
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It is interesting this impact of Greek-life affition on BAC did not emerge until
sophomore year. However, once this gap in BAC getrit remained present even through
graduate students. This provides evidence fottaral/social explanation for BAC differences
in Greek-life status, as opposed to a more disposit explanation. Freshmen year is when
many individuals are just beginning to join andtjggrate in Greek-life organizations. Thus,
there would be minimal time for membership in tiytse of organization to influence alcohol
consumption behaviors. Yet, the lack of a BACeat#hce between these individuals initially,
suggests members of a Greek-life organization wetalready reaching higher levels of
intoxication than non-members. In other wordseatlity does not bias the differences shown
later. While BACs tend to rise for both groupsnfréreshmen through senior years, this trend is
much greater for members of a Greek-life orgamuati
Environmental Factors and Blood Alcohol Concentraton

Alcohol consumption differences were examined sedays of the week, academic
semester, and calendar year. Across all of thegeommental factors, only day of the week
reached significance. Results indicated Thursadynly had the highest average BAC of the
weekdays, but was also higher than both FridaySatdrday nights. This is consistent with
previous field research conducted by Glindemanncatidagues (1998).

While Thursdays had significantly higher averade®B than both Fridays and
Saturdays, it should be noted the actual BAC diffees were not large (i.e., .0075 mL/L and
.0056 mL/L, respectively). However, these resattsnot troubling simply because Thursday
nights were the most prominent drinking night. Eweespective of other nights of the week,

the high levels of intoxication on Thursday nigate alone concerning because Thursday-night
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drinking is associated with a host of negative acaid and health outcomes (Hoeppner et al.,
2012; Ward et al., 2013).

This finding raises several sets of further reseguestions. One set of research
guestions addresses the motives for engaging iRdageversus weekend drinking. Related to
these questions are potential barriers or protedtietors that inhibit weekday drinking. An
additional set of research questions focuses ohdatipns for academic policy. Future research
could examine the role of Friday classes in redudinursday-night drinking. For example,
does holding fewer Friday morning classes leadd¢osiases in Thursday-night drinking?

College students often refer to Thursday as thefréday when it comes to alcohol
consumptions. Unfortunately, this phrase is evigvnto Wednesday is the new Thursday.
Indeed, several colleges have drinking cultures@ated with days of the week other than
Thursday. Researchers and university adminissateed to quickly find ways to address this
growing problem. Indeed, the issue of weekdaykilnm has the potential to naturally get worse
before it gets better.

Transportation Decisions

Designated driver sobriety. This study examined both the timing of transpootati
decisions and the use of designated drivers. T@sBof nearly 400 designated drivers were
evaluated. A little more than one third of DDs veompletely sober. Unfortunately, DDs
choosing to consume alcohol often had BACs thathperh at significant risk for negative
driving consequences. Impairment often beginsfE8as low as .02 mL/L. More significant
driving impairment is observed at .05 mL/L (FiltseRudin-Brown, Mulvihill, & Lenné, 2012;

Friedman, Robinson, & Yelland, 2011). The peregml limit is currently set at .08 mL/L in all
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50 states. This means .08 mL/L serves only asdeljue for legal enforcement, and drivers
with BACs less than .08 mL/L are still at risk DUI.

Thus, it is troubling the average BAC of DDs wlomsumed alcohol was .061 mL/L.
Over half of these DDs were over .05 mL/L, and lye30% were over the per se legal limit of
.08 mL/L. This indicates DDs who choose to consagehol are frequently becoming
moderately to significantly impaired by alcoholhi§ has significant implications for DDs who
choose to consume alcohol and individuals decidihgther or not to ride with a drinking DD.
Indeed, the findings highlight the need for cautmal care if and when a DD decides to
consume alcohol.

Timing of transportation decision. Only limited field research has been conducted on
the time a student drinker’s transportation decisi@s made (e.g., Timmerman et al., 2003).
Thus, it was surprising the vast majority of studdnmkers made their transportation decision
well in advance of beginning to drink in this studypdeed, less than 15% of student drinkers
made their transportation decision during theireutr drinking session or were still undecided at
the time of participation. Over half of the stuttewho consumed alcohol made their
transportation decision earlier in the day and Iyeare third made their transportation decision
days in advance.

It was hypothesized the timing of transportatiegidions would be particularly
important for the selection of DDs. Specificailywas predicted DDs selected after arriving
downtown would achieve higher BACs than DDs sebkgieor to the initiation of drinking.
Results were not supportive of this hypothesigledd, DDs selected after arriving downtown
had the lowest average BAC (.0589 mL/L). ConverdeDs selected days in advance of

drinking had the highest average BAC (.0860 mL/Chis runs counter to previous studies of
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DD behavior (Demody et al., 2012; Timmerman et2003). However, a higher percentage of
DDs were completely sober (51.2%) when they weoseh days in advance as compared to
after arriving downtown (35.5%).

It is likely an interplay of other factors impadtthe relationship between DD sobriety
and time the DD was chosen. For example, thetaliliselect a DD days in advance may
suggest a pattern or ritual of downtown alcoholstomption. Thus, these individuals may tend
to be heavier drinkers. This may translate inghbr average BACs for DDs selected days in
advance of drinking downtown. Particularly in calesation of research that suggests DDs are
selected as the least intoxicated drinker (DeJoMi&sten, 1999; Ditter et al., 2005; Knight et
al., 1993; Rothe, 1996), this finding should notrderpreted as suggesting it is safer to wait
until drinking has begun to select a DD. Insteéhd,results suggest the selection and drinking
behaviors of a DD are critical decisions with sg@onsequences regardless of time the DD was
selected.

Demographics and designated driving.The sobriety of designated drivers was
examined as a function of gender and Greek-lifeistaSignificant differences were observed as
a function of gender. Among the male DDs who comesti alcohol, 60.2% were impaired (i.e.,
BAC over .05 mL/L), whereas only 40.8% of the feenBIDs who drank were impaired. This
suggests it is safer to have a female versus aDidleHowever, it is still worrisome that two
out of five female DDs were impaired. Thus, theutes from this study showed females were
safer DDs than males, but DDs of both genders a#teo often achieving at-risk levels of

intoxication for driving.
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While DDs who were members of a Greek-life orgatian were more likely to be
impaired in this study (66.7%) than non-Greek DBE.8%), this difference failed to reach
statistical significance.

Considerations for interpreting designated driver results. It is worth noting the DDs
in this study consisted of individuals who wereggasby at various locations near drinking
establishments. Thus, they do not reflect therairlge of DDs on a given night. In particular,
this excludes DDs who pick up riders without exeaving their motor vehicle. This type of DD
usage is associated with additional risks and lsrtégt may not generalize to the DD sample in
this study. Indeed, all conclusions regarding Bbsuld be considered in terms of DDs who are
actively participating in the drinking scene byJe their vehicles. This is true even if they
choose not to take the first sip of alcohol.

This may be particularly impactful when considertageek-life DDs. Many fraternities
and sororities have sober crews who continuously-pp and drop-off members of their
organizations all night. These individuals aradhtel extreme standards of sobriety and are
required to be completely sober. This type of Dauld not be recruited into the current study.
Future research should examine the sobriety of DBs are not drinking at the locations where
they are picking up their friends.

Impact of having a designated driver. The impact of having a DD on sobriety was
examined as a function of both gender and Greekalémbership. The belief that individuals
with DDs achieve greater levels of intoxication kampered enthusiasm and support for DD-
promotion programs and DD usage. Indeed, selfrtepsearch has found a link between
having a DD and increases in self-reported, sioglesion, alcohol consumption (e.g., Caudill

et al., 2000, 2001; Harding et al., 2001).
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Results from this study provided partial supportthe claim individuals with DDs
achieve higher BACs. Specifically, it was foundttinales with a DD were significantly more
intoxicated (.1037 mL/L) than males without a DD986 mL/L). No significant differences
were found based on membership in a Greek-liferozgéion.

When weighing the value of promoting DDs with thésdings several factors should be
considered. Primarily, while males with DDs weoarid to reach higher levels of intoxication,
the difference in BACs was minimal (i.e., .0051 i/ Accordingly, even for males there is
minimal additional risk for having a DD. Convengahot using a DD carries significantly more
risks. In consideration of the minimal BAC diffaes, results strongly promote the usage of
safe, sober DDs for college students.

It should also be noted differences in having adilable were observed across both
gender and Greek-life membership. Indeed, 10% reonales reported having a DD (49.97%)
as compared to males (39.30%). Furthermore, mendber Greek-life organization were nearly
twice as likely to report having a DD availablecasnpared to non-members of a Greek-life
organization (67.21% vs. 34.48%, respectively)isBeems to contradict previous research that
found males were more likely to use a DD than feméHaines et al., 2006). The results of the
present study could suggest a changing trend iru§#or that females may have DDs available
that they do not use.

Student Drinking Intentions

Previously, only one study examined the relatignbletween intended BAC and actual
BAC in a field setting (Glindemann et al., 199@his prior study found a moderate correlation
between BAC and intended BACH between .54 and .63). However, that study askittert

response for intended BAC and could not calculbsolute BAC differences between achieved
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and intended BAC. Thus, results from the currémdysbuild on the findings of Glindemann and
colleagues (1996).

Results from the present study also indicated derate relationship between intended
and actual BACr(= .41). There was an average discrepancy betimgamtions and actual BAC
of .0435 mL/L. Interestingly, the majority of steents (57.8%) achieved BACs lower than they
intended, with an average discrepancy of .0123 mlQih average, females were closer to their
intended BAC than males. No significant differenegere observed as a function of
membership in a Greek-life organization.

While there was a moderate correlation betweernaed and measured BAC, there was
a substantially larger discrepancy between theggets. This may indicate students are largely
inaccurate in consuming alcohol to their intendaeel of impairment. Thus, the disconnect
between student drinking intentions and actual BA&Y be larger than originally thought. This
could be the result of a lack of student awarepnésse’s level of intoxication or the power of
environmental factors on an individual’s alcohohsomption (e.g., peer pressure, drink specials,
peer levels of intoxication).

It is also interesting the majority of studentssum@ably did not reach their intended
BAC. There are a variety of possible explanatimnghis finding. It seems most plausible that
students tend to overestimate the BAC where aindeeel of physiological impairment will be
felt. After all, students are usually basing treaohol consumption intentions on a feeling of
physiological impairment, rather than an actual BAQus, these drinkers may feel they have
reached their intended BAC at a slightly earlieeleof intoxication. It is also possible student
consumers of alcohol are reaching their intende@€B#ut not at the moment their BAC is

assessed at the research table. Students magw®itai drink after participation in the research
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and already consumed alcohol may continue to éméelbloodstream, thus raising BACs slightly
after time of participation.
Student Estimation of Intoxication

Results supported the hypothesis that studerkehsrare largely inaccurate at estimating
their current level of intoxication. On averaganilers were incorrect by .0338 mL/L at
estimating their BAC. The results also showeddinectionality of this error changed as a
function of BAC.

The directionality of gBAC error has been previguskamined across a multitude of
studies (Beirness, 1987; Bullers & Ennis, 2006 p@lat al., 2009; Cox et al., 1995; Grant et al.,
2011; Kraus et al., 2005; Lansky, Nathan, Ersnesskfeeld, & Lipscomb, 1978; Lewis, Merz,
Hays, & Nicholas, 1995; Nicholson, Wang, & Mahon&994; Russ, Harwood, & Geller, 1986;
Thombs, Olds, & Snyder, 2003; Williams, 1991). Yatny of these studies have inconsistent
and contradictory findings. Furthermore, no sttwygate has approximated the sample size used
in this research.

Results from the present study show individualsl tenoverestimate their level of
intoxication at lower BACs and underestimate therel of intoxication at higher BACs. The
effect is linear, with more extreme BACs demonsigat proportionally greater discrepancy in
gBAC and actual BAC. The directionality of thisatonship tends to shift around .09 mL/L.

While this may have the benefit of discouraging angd, yet under the legal limit,
individuals from operating a motor vehicle, thisding also suggests that legally-intoxicated
individuals have a greater tendency to believe dreyunder the legal limit. As BACs increase
beyond the legal limit to drive and the individéahdency to underestimate one’s BAC rises

concomitantly, the stage is set for devastatingeequences. This dangerous discrepancy
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between gBAC and actual BAC demonstrates a streed for BAC-feedback interventions.
These interventions are particularly needed, aadligimore effective, for individuals at BACs
beyond the legal limit of .08 mL/L.

Differences in gBAC accuracy were observed as atioim of both gender and Greek-life
status. It was found both males and non-Greekstiidents were significantly more accurate at
estimating their BAC. However, while these diffieces were statistically significant, they were
quite small (i.e., less than .003 mL/L). This sesfg a BAC-feedback intervention could be

uniformly helpful and needed regardless of gend&reek-life affiliation.
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Study 2: Evaluation of BAC-Feedback Tools at Impaghg Perceptions of Driving Risk

Each year, thousands of intoxicated college stisd®ake decisions that result in
significant harm, injury, and death. One poterfaator in these costly decisions is the
disconnect between an individual’'s perceived andahdevel of intoxication. In fact, there is a
plethora of evidence demonstrating drinkers misgeectheir level of intoxication (e.g., Clapp
et al., 2009; Grant et al., 2011; Russ et al., 198®wus, it has been suggested receiving
personalized feedback about one’s level of intdiacamay reduce the probability of engaging
in an at-risk activity such as alcohol-impairedvirg (Geller et al., 1984; Geller & Lehman,
1988; Geller & Russ, 1986).

Assuming individuals are unaware of their levelrabxication, a variety of feedback
approaches may be suited to providing informatelevant to reducing the discrepancy between
actual and perceived alcohol impairment. Impro&ecuracy in estimating one’s true level of
impairment could then lead to safer attitudes, g@rons, and decisions. These feedback
approaches include nomograms, sobriety testinghbesmthalyzer feedback. Nomograms
provide a cost-effective method of easily estingane’s BAC. Sobriety testing allows an
individual to directly experience their physiologidevel of impairment. Breath alcohol testing
gives individuals a reliable and valid measureheirtlevel of intoxication (i.e., BAC).
Nomogram Development and Efficacy

Calculating estimated BAC. It has been argued no computation is performed more
frequently by forensic toxicologists than Widmarkguation (Gullberg, 2007). This is the
equation derived in the earlyt?@entury by E.M.P. Widmark to estimate amount obhbl in

one’s body (Widmark, 1932). The original equati®aenotedA = C; pr.
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Where A is the amount of alcohol absorbed andiligied throughout the body, & the blood
alcohol concentration at tinep is the body weight, andis reduced body mass.

Several revisions have been made to this clagsiat®n. Widmark’s original equation
calculated BAC in units mass/mass; revised fornth®fequation are often changed to calculate
mass/volume to accommodate changes in how BAQuisllysassessed. Additionally, there
have been two major revisions to Widmark’s equafMatthews & Miller, 1979; Watson,
Watson, & Batt, 1981). These later revisions afta to account for gender differences in the
metabolism of alcohol.

The equation has a variety of uses. It is oftsdby law enforcement and the court
system to back-calculate BACs at the time of amivneident, to calculate alcohol dosing for
research lab studies, for experimental drinking lab part of training courses for law
enforcement and forensic personnel, and for theldpment of nomograms. Despite the
importance of these applications, there is litppraciation for the uncertainty associated with
this equation (Gullberg, 2007).

Indeed, a multitude of factors can influence theuaacy of this equation, including
elimination rates of alcohol (Pavlic, Grubweiseihikeller, & Rabl, 2007; Thieden & Hunding,
1991), carbonation of drinks (Roberts & Robinsdd)2), and drink absorption from one’s
gastrointestinal tract (Posey & Mozayani, 2007)nuinber of studies note the inaccuracy of the
Widmark equation, particularly for non-average widiials (Devgun & Dunbar, 1994; Gullberg,
2007; Gullberg & Jones, 1994, Lewis, 1986). Staté calculations and estimates comparing
predicted BAC to measured BAC in a laboratory sgthiave demonstrated a margin of error for
the Widmark equation around + 20% for a BAC at @ol(@ullberg, 2007; Gullberg & Jones,

1994).
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Yet, these calculated BAC estimates can also bé fis BAC education programs and
large-scale interventions. Blood alcohol concditneeducation is estimated to be a component
in more than seven out of ten alcohol interventi@erey et al., 2007). While these
interventions teach individuals the relationshipnsen alcohol intake and bodily impairment,
the applied significance of these programs couldrideanced if used to educate individuals
while they are consuming alcoholic beverages.

Nomogram effectivenessNomograms are BAC-estimation tables based on the
Widmark equation. They allow an individual to ddicestimate their BAC with the
consideration of gender, weight, number of standairtks consumed, and time spent drinking.
Russ and Geller (1985) concluded these nomogramsmee broad applications for education
and intervention. Similarly, O’Neill, Williams, @rDubowski (1983) argue nomograms may be
especially useful for drinkers making decisionswhitansportation. Thus, the potential
beneficial impact of nomograms may be even greataffield setting.

In a preliminary study of nomogram effectivenégskndemann and Geller (1994)
distributed nomograms to 48 individuals in a ndtdranking environment. They found the
nomograms significantly overestimated BACs, causmaqy individuals to consider not driving.
Thus, while Dubowski (1984) argues nomograms shbalthken out of circulation because of
their inaccuracy, Glindemann and Geller (1994) shuw/inaccuracy (i.e., overestimation of
BAC) may actually lead intoxicated individuals t@kmg safer decisions.

Sobriety Testing

The consumption of alcohol results in significantl &ystematic physiological

impairment (for a review see Carpenter, 1962).0Att consumption results in performance

deficits in reaction time (Jennings, Wood, & Laween1976; Linnoila, Erwin, Cleveland,
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Logue, & Gentry, 1978), standing steadiness (Beggbie, 1966; Modig, Fransson, Magnusson,
& Patel, 2012) and verbal behavior (Nash, 1962pweler, recent research has found the full
effects of imbalance may only be evidenced aftetasned sensory-motor challenges (Modig,
Patel, Magnusson, & Fransson, 2012).

An understanding of these physiological deficits el to the development of a
multitude of sobriety tests to predict and diffdrate various levels of intoxication. Considering
the difficulty of not only judging one’s own levef intoxication (i.e., Grant et al., 2012; Russ et
al., 1986), but also judging the intoxication di@ts (Langenbucher & Nathan, 1983; McKnight
et al., 1997), sobriety tests provide a standarthaakfor determining an individual’s
intoxication. In this capacity, field sobriety tesnay actually be a more accurate way of
assessing performance deficits related to drivivag tactual BAC (Johnson, 1983; Russ &
Geller, 1986, 1991; Valaske, 1985).

Emerging from the legal complexity of taking blo@ehich was necessary to determine
BAC) without probable cause, sobriety tests emeeged method for assessing intoxication by
members of law enforcement. However, this crettecheed for a standard field method for
administering a field sobriety assessment technidtandardized field sobriety tests (SFST)
were first developed by Burns and Moskowitz (19574 later validated by Tharp, Burns, and
Moskowitz (1981) to achieve this purpose.

The SFST battery includes the horizontal gaze gysts test, the one-leg-stand test, and
the walk-and-turn test. Horizontal gaze nystagmusvoluntary eye movement as one’s eyes
gaze to the side. This effect rarely occurs oetsidthe influence of substances of abuse. The
one-leg stand test involves individuals standingoe leg (of their choice) while raising the

other foot directly in front of them six inches tiie ground. Arms must be kept directly at one’s



49

side for the duration of the test. Finally, thdk~vand-turn test involves individuals walking nine
steps heel-to-toe, smoothly turning around, andkwglnine steps back heel-to-toe. Again,
individuals are required to keep their hands at sides.

The original validation tests of SFST were condddteexamine if the battery of tests
could differentiate individuals with BACs over vassbelow .10% (Moskowitz, 1977; Tharp et
al., 1981). While this was the legal limit for nyastates at the time this research was conducted,
states slowly adopted .08% as the new legal stdrfdaDW!I. In fact, all states and the District
of Columbia currently have the per se legal linhit38%. Thus, more recent research has
examined the ability of SFST to differentiate indvals at lower BACSs.

In order to address the need to differentiate |dB&Cs, NHTSA sponsored research to
examine the validity of SFST below 0.10% (StustdB@@rns, 1998). Results demonstrated the
capability of SFST to discriminate BACs at .08% addPo. More specifically, officers using
the SFST were 91% accurate at discriminating BAC8&% and 80% accurate at predicting if
BACs were between .04% and .08%.

Despite being the primary study to support SFSVerse characteristics of this study are
noteworthy. Primarily, the Stuster and Burns ()288dy was conducted by assessing the
accuracy of only seven police officers within agsnpolice department. Furthermore, each of
these police officers received specialized trainm§FST prior to initiation of the study. Thus,
results may not be generalizable across othergofitcers, other police departments, or to the
general public.

Furthermore, while SFST have been judged effeettiein law enforcement (Grossman
et al., 1996), police officers may be relying oned beyond SFST. In addition to SFST, police

offers examine the way a vehicle is driven andpthgsical appearance of drivers after being
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stopped (Compton, 1985; Harris, Howlett, & Ridgewd§79). Police offers also have a variety
of experiences with individuals under the influent@lcohol, enabling them to pull from a
knowledge base beyond simple sobriety testing.sTthe accuracy of law enforcement in
making sobriety judgments with SFST may be paytidile to factors other than SFST results.
While NHTSA studies indicate support for SFST, albtesearch supports the validity of

these field sobriety tests. In fact, a varietgtfdies have shown SFST to be poor predictors of
sobriety (Booker, 2004; Dixon, Clark, & Tiplady, @@ McKnight et al., 2002; Stuster, 1997).
Specifically, Stuster (1997) found no sobriety @aes to predict BACs below .08%, Dixon and
colleagues (2009) found SFST were only 62% accumgteedicting legal intoxication, and
McKnight and colleagues (2002) found only horizbg&ze nystagmus, not the one-leg-stand
test or walk-and-turn test, was effective at ddfdrating low BACs. As noted by Dixon and
colleagues (2009):

Thus, while all tests in the [SFST] battery wereetive at discriminating alcohol

from placebo, combination of measures from theouaritests did not give a clear

demarcation between impaired and non-impaired pedace, even though the

composite measures included a variety of distilhents including measures of

speed and accuracy of performance, and also ditféypes of error score,

including false positives and false negatives (|7)4

However, while horizontal gaze nystagmus is oféerded as a “silver bullet” for law

enforcement (Stuster & Burns, 1998), even thisnegke has come under fire. In his
admonition of SFST, Booker (1994) goes to the lemgtcalling horizontal gaze nystagmus
“fraudulent science.” Regarding horizontal gazetagmus research Booker (1994) claims

“bypassing the usual scientific review process tuted through the good offices of the federal
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agency responsible for traffic safety, it was rusheo use as a law enforcement procedure, and
was soon adopted and protected from scientificcegih by courts throughout the United States
(p. 133).”

Despite mixed evidence for SFST, field sobriestdenay be useful in a social context to
determine a person’s level of alcohol impairmergl(&@ & Russ, 1986). Not only could field
sobriety tests help bystanders more accuratelygjtidg alcohol-related risks facing someone
consuming alcohol, but it could also serve as agrbwphysiological demonstration of alcohol
impairment. In particular, field sobriety testatmbforce an individual under the influence of
alcohol to directly confront the reality of hisloer impairment. This could be especially useful
when an impaired individual feels safe to operateotor vehicle.

The efficacy of field sobriety tests at promotsafer decisions while under the influence
of alcohol was investigated by Russ and Geller §).98n their study, 195 college students were
approached at two outdoor drinking events on elargversity campus. The researchers had
individuals complete three sobriety tests: a rdlep test (a measure of reaction time),
progressive body balance test, and a verbal inflermairment (reciting the last six months of
the calendar year backwards). The ruler-dropitesived a participant catching a ruler between
his or her thumb and forefinger. The distancertter dropped before being caught represented
the score.

Results indicated 33.4% of the variance in BAClddae explained by performance on
these field sobriety tests. However, the effectéss of sobriety tests at changing driving
decisions was inconclusive. At moderate BACs,vimtlial drinkers reported their performance
on the sobriety test would influence their futurevithg decisions. However, as participants’

BAC increased, individuals were significantly l&&ely to be influenced beneficially by poor
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sobriety-test performance. Thus, while some imhligis were dissuaded from driving, the
individuals most at risk were largely uninfluendsgdtheir test performance.

While this study took an innovative approach taraming the efficacy of sobriety tests
at influencing the perceptions of potential drimkvdrs, the current study implemented several
changes to build upon this early research. Spadlyi, at the time of this research, SFST were
not widely implemented. Thus, Russ and Geller @ 28ed their own unique field sobriety
tests. However, the reliability and accuracy @S tests at predicting sobriety remain
undocumented.

Instead, the current research used a differenétyaoif field sobriety tests, derived
primarily from SFEST. Both the one-leg-stand test walk-and-turn test were incorporated and
scored from the SFST battery. The horizontal ggatagmus was omitted because of its
research inconsistency, difficulty in uniform admtration, and a lack of adequate luminescence
in the late-night field setting. A verbal test waso incorporated which asked individuals to
count backwards from 37. This is a test widelydusg police departments across the country. It
is hypothesized the usage of more traditional angdircally-backed field sobriety tests may
improve the effectiveness of these tests at datgai-risk student behaviors.

Breath Alcohol Testing

Breath alcohol testing provides an accurate anckquethod for providing BAC
feedback without calculations, computations, anohnedions (Schechtman & Shinar, 2011).
Instead, breath alcohol testing relies on chenmmgadtions in a portable breath reader. This
creates an efficient and precise means for progi8iAC feedback. Thus, breath alcohol testing

may guide drinkers to safer transportation decsi@uss & Geller, 1985).
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However, mixed empirical results have been fowndHe utility of providing
breathalyzer feedback in a field setting. Sevstadies have shown the provision of
breathalyzer feedback had no effect on transportatecisions among consumers of alcoholic
beverages (Calvert-Boyanowsky & Boyanowsky, 198&s(01974). In contrast, Sobell,
Vanderspek, and Saltman (1980) found individuats/igled with breathalyzers for their cars
reported significant decreases in drunk drivinget,YHarwood (1984) found anecdotal evidence
individuals were consuming more alcohol after reicgj a lower than expected BAC reading.

One of the more comprehensive studies of BAC faeklin a drinking setting was
conducted by Meier, Brigham, and Handel (1984)this study, researchers approached 51 self-
reporting drivers as they left a drinking estabh&mt and guided them through either a
nomogram or provided them with a breath alcohdl t@sventy-four participants registered over
the legal limit. Research assistants then didgrégtowed the intoxicated participants to see if
they still elected to drive themselves home. Altot 83% of these participants were still
observed driving immediately after receiving feedlbthey were legally impaired. This
suggests breathalyzer feedback may help some thaild make safer transportation choices.
However, the percentage of individuals who chartged behaviors was quite small in that
study. The limited number of participants and datature of this study warrant further
investigation of the impact of BAC feedback.

Hypotheses

The following hypotheses were examined:

(H1): Nomograms will be accurate to .02 mL/L imgmarison to BAC.

(H3): The sobriety tests will be reliable.

(H2): Sobriety tests will be 80% accurate at défgrating drinkers above versus
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below .08 mL/L.
(H4): Individuals in the BAC-feedback conditiondlweport greater driving risks as
BAC increases compared tocibrarol condition.
Method
Participants and Setting

Data were collected on three separate nightsotéh, 309 individuals participated and
consisted of 205 males and 103 females. Of th&smdividuals were in a Greek-life
organization and 234 individuals were non-Greek.

Measures

The nomograms used for the study were calculatedyWidmark’s equation. Separate
nomograms were used for each gender to accouavé@age differences in body composition.
The nomograms used in the study are provided ireAgix A.

For sobriety testing, several scoring sheets wsee trom NHTSA and the local police
department where the research was conducted. i®@fHEST check sheets were used from
Stuster and Burns (1998). Scoring for the counbiackwards tests was taken from the local
police department’s official sobriety test scorg.lo

Five statements were read to participants to agbes perceptions of driving risk at
their current level of intoxication. After eachtbke statements was read, the participant was
asked to respond on a Likert scale ranging froi&tio(igly Disagree) to 6 (Strongly Agree).
These five statements are as follows:

(1) My blood alcohol level is below the legal limit dperate a motor vehicle.
(2) I am confident in my ability to operate a motor s in my current state.

(3) My driving would be impaired in my current state.
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(4) 1t would be safe for me to operate a motor vehitley current state.
(5) If I drove, | would be at risk for being arrested Driving Under the Influence (DUI).

Selected Field Sobriety Tests

Three sobriety tests were used in the current tigeggon. Out of the SFST, the walk-
and-turn test and one-leg-stand test were used.thitd procedure was the counting backwards
test. The ordering of tests was the walk-and-test, one-leg stand-test, and counting
backwards test.
Field Sobriety Test Training

A team of six researchers was trained by thd loalice department on standardized
techniques for delivering a variety of sobrietyt¢esThis included intensive training on national
SFST and a variety of related techniques usedélottal police. One of the additional
techniques was the counting backwards test whemedandual counts down from 37 to 0.
These research assistants were trained on bottetivery and scoring of these procedures.
Procedure

The procedure was identical to the data collegiimtedure described in the study
overview with one significant change. Participantse randomly assigned to one of four
conditions. When a participant gave verbal conseparticipate, the data collector examined
the next blank data sheet which contained a numbderating the participant’s experimental
condition. Prior to data collection, the data $b&ere randomly sorted to ensure an even
distribution among the conditions.

The conditions varied based on the experimentaivention administered prior to
completing the safety-perception questions. Inditon 1 (Control group) participants

answered safety-perception questions prior to cetimg any intervention. In Condition 2
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(Nomogram group) participants estimated their BA@a nomogram prior to answering
safety-perception questions. In Condition 3 (SatlgriTest group) individuals completed a
sobriety test prior to answering the safety-peliogpguestions. In Condition 4 (BAC group)
participants were given a breath alcohol test angliged their reading prior to answering the
safety-perception questions.

Research assistants administered all researchianeshe nomogram, and breathalyzer
test. All field sobriety tests were administergdtie trained undergraduate researchers.
Additional trained undergraduate researchers mhadergations for inter-observer reliability.
While the primary sobriety test administrator pa®d verbal instructions and marked
performance on the data sheet, the reliability datiector observed and recorded performance
on a separate data sheet. These researchersl lo¢siteeen tables and intermittently served as
primary versus reliability observers. The primangd reliability observers did not communicate
during the sobriety testing, nor did they compatadheets.

Results
Overall Drinking Epidemiology

Out of 309 participants, 36 participants (11.7%Jeveompletely sober at the time of
participation. The average BAC of drinkers wasl.ffl /L (SD = .045) with a maximum BAC
of .227 mL/L. The intoxication levels of male dkars (.105 mL/L) and female drinkers (.100
mL/L) was not statistically different(270) = .34p = .34. However, members of a Greek-life
organization (.112 mL/L) had significantly higheABs than non-members of a Greek-life
organization [.099 mL/Lt(268) = -2.07p = .04].

Accuracy of Nomograms
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For the purposes of these analyses, non-drinkersBAC = 0.00 mL/L) were excluded
because they do not have a BAC to estimate. Aab&ACs, nomograms were incorrect by an
average of .056mL/L. This was calculated by taklmgabsolute value of the difference
between nomogram-predicted BAC and actual BAC. hdlit taking the absolute value,
nomograms were incorrect by .020 mL/L, indicatimgnograms have a tendency to slightly to
moderately overestimate BAC.

Nomogram effectiveness was also examined at theat BAC ranges of .02- .14 mL/L.
Results closely mirrored the findings for the falhge of BACs. At this range, nomograms were
incorrect by an average of .054 mL/L. Similarlpnmograms overestimated BAC by an average
of .026 mL/L.

Accuracy of Sobriety Testing

The one-leg-stand (OLS) test was evaluated fif$ie reliability of this sobriety test was
assessed using a Kappa statistic. Across 57 ildyadbservations, the Kappa statistic was .60.
This indicates substantial inter-observer agreement

Next, the ability of the OLS to discriminate BA@s.08 mL/L was examined. Only
participants with BACs between .02 and .14 mL/Levesed for this analysis in order to
investigate OLS accuracy at the critical BAC ramgdnere the majority of sobriety decisions are
made. To assess sobriety test performance, mamicBAC was dichotomized into below
versus above the legal limit and sobriety testqrarance was scored as pass versus fail.
Sobriety test scoring was designed to discrimiaat€8 mL/L.

A Chi-Square test demonstrated the OLS performéerittan chance at differentiating
between sober and legally-drunk individuafg(1) = 5.36,p = .02 If an individual was sober,

the OLS predicted correctly 77.3% of the timearifindividual was legally intoxicated, the OLS
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predicted they were intoxicated 38.7% of the tirkell results of OLS accuracy are provided in
Table 5.

Next, the walk-and-turn test (WTT) was examinéaross 68 reliability observations the
Kappa statistic for the WTT was .23, indicatingyofair agreement. The correlation between
primary and reliability scores was .67.

Again, only individuals with BACs ranging betwe®?2 and .14 mL/L were included in
the analysis of WTT discrimination at .08 mL/L. Gkhi-Square test revealed the WTT
discriminated BACs of .08 mL/L better than chané€l) = 6.99p< .01 The WTT was 68.0%
accurate when participants were under the legal &nmd 51.2% accurate when individuals were
over the legal limit. Full results of WTT accuraane provided in Table 5.

Next, the counting backwards test was examinadividuals who incorrectly skipped or
added a number were classified as failing. Thepaagiatistic (.54) demonstrated moderate
agreement across 70 reliability observations.

Similar to the previous analyses, only individuadégween .02 and .14 mL/L were
included in this analysis, and these individualseangichotomously classified on legality to drive
according to their BAC reading and estimated lég&lom the sobriety test. The Chi-Square
test showed the counting backwards test prediabdety significantly better than chancé(1)
=5.51,p=.02 This sobriety test was 67.5% accurate at predicoigiety (i.e., BAC < .08
mL/L) and 49.2% accurate at predicting intoxicatipa., BAC .08). Full results of counting-
backwards test accuracy are shown in Table 5.

Finally, the sobriety results of all three tesey@combined. If any individual failed any
of the three sobriety tests they were given analvdril’ rating. At the critical BAC ranges

of .02 and .14mL/L, this overall rating was foundstgnificantly predict sobriety? (1) = 7.51,p
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<.01. This total score was 39.4% accurate atigiad sobriety and 72.0% accurate at
predicting intoxication.
Effectiveness of BAC-Feedback Interventions

In addition to assessing the accuracy of field Bégtimation techniques, it is also
important to examine the effectiveness of theskerigcies at prompting shifts in perceptions of
safety. Specifically, it is critical to determiifehese techniques promote greater self-awareness
of risks related to intoxication.

Thus, a multivariate analysis of covariance (MANX) was performed with condition
as the grouping variable to examine the effect ACBeedback on the five questions related to
driving-safety perceptions. Blood alcohol conteras mean centered and included as a covariate,
along with the interaction between BAC and conditid his centered variable was used to
create the interaction term. In order to assessethhelationships within critical BAC ranges
where the majority of safety-related decisionsmegle, only participants with BACs
between .03 and .16 mL/L were included in theséyara.

Using Pillai’s Trace, the MANCOVA showed a sigodnt interaction between
participant condition and BAC, F(15, 654) = 3.¢% .01. Additionally, significant main effects
were observed for both condition and BAX3 < .01. This demonstrates both experimental
condition and participant BAC impacted perceptiohsafety.

In order to further examine this effect, five fallaup ANOVAs were performed on each
of the dependent variables. These tests wererpegtbin a regression framework using dummy
coding. The control condition was establishedchasréference group. A Bonferroni correction
was used to control for inflated Type | error rafa initial alpha of .10 was set. Thus, the

critical alpha value for each follow-up test wa2..0
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1) My blood alcohol level is below the legal limito operate a motor vehicle.The
overall model for this question reached statistsigihificance, F(7, 220) = 6.28,< .01. The
dummy code for the sobriety test conditin=(-.88,p = .01) and interaction term between the
breathalyzer condition and BA® € -37.96,p < .01) reached statistical significance. This
indicates that at the mean BAC, individuals ing$bbriety-test condition reported significantly
less confidence their BAC was below the legal lithén individuals in the control condition.
The interaction shows that the relationship betw&G and responses to this item was
significantly stronger in the breathalyzer condittban in the control condition. These results
are graphically depicted in Figure 10.

2) | am confident in my ability to operate a motorvehicle in my current state. The
overall model failed to reach statistical significa for this question, F(7, 220) = 2.p8;7 .04.
Since the model approached significance, it is lvodting the BAC variable reached statistical
significance Ip = -14.40,p = .046). This suggests BAC may be negativelytedl#o confidence
in operating a motor vehicle. However, this canm®supported based on the current analysis.

3) My driving would be impaired in my current state. The overall model failed to
reach statistical significance, F(7, 220) = 2@3,.06. It is worth noting none of the predictors
reached statistical significanqggs > .10.

4) 1t would be safe for me to operate a motor vehle in my current state. The overall
model was statistically significant, F(7, 220) 9@.p < .01. There was a significant main effect
for BAC (b =-18.73,p < .01) indicating individuals at higher BACs weéess likely to feel safe
operating a motor vehicle. There was also a saant interaction between the dummy code for
the sobriety-test condition and BAG £ 19.97p = .04). This showed the relationship between

BAC and item response was significantly weakettliersobriety-test condition compared to the
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control group. Regardless of BAC, individualshie sobriety-test condition had a tendency to
report consistently lower perceptions of safethisTis graphically depicted in Figure 11.

5) If 1 drove, | would be at risk for being arrested for Driving Under the Influence
(DUI). The overall model was significant for this item7F220) = 5.76p < .01. The
interactions for BAC and the dummy code for theatinalyzer conditionl(= 38.12,p < .01) and
BAC and the dummy code for the nomogram conditoa 21.01,p = .03) reached statistical
significance. This indicates the relationship dw BAC and item response was stronger for
the breathalyzer and nomogram conditions as cordgarthe control condition. There was no
significant effect for the sobriety-test conditiomhis is graphically depicted in Figure 12.
Effectiveness of Feedback Techniques at ImprovingAC-Estimation

Two analyses of variance (ANOVAs) were performaéxamine the efficacy of these
feedback techniques at improving BAC-estimatiorite Areceiving BAC feedback, participants
reported their estimated BAC. Both the raw diffexe between actual BAC (i.e., breath alcohol
test reading) and estimated BAC and then the atese@lue of this difference were used as
dependent variables in these ANOVAs. Since brakibhol test readings were used as the
measure of actual BAC, participants in the bregtteal feedback condition were excluded from
these analyses. Additionally, individuals with.a@mL/L BAC were excluded from the
analyses because there was no BAC to estimatdn AYOVAs were non-significanip(s > .05),
indicating BAC feedback did not help individuals m@ccurately estimate their BAC.

Discussion

Overall Levels of Intoxication

The results highlight the at-risk levels of intcadion reached by many college students

in a downtown bar setting. Indeed, the average BAStudents who consumed alcohol was
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over .100 mL/L. Furthermore, nearly ten percendririkers were intoxicated at over twice the
legal limit to drive.

The lack of significant gender differences in BAhbteworthy. Traditionally, male
students have been shown to consume greater geswatitalcohol than their female counterparts
(Geller, Altomari, Russ, & Harwood, 1985; Gellefatke, & Kalsher, 1991; Geller & Lehman,
1988; O’'Malley & Johnston, 2002; Presley, Meilm&n,yerla, 1993; Vaisman-Tzachor & Lali,
2008; Tremblay et al., 2010). However, recentasdesuggests college males and females are
both consuming alcohol at higher levels, but the od drinking among females is growing faster
than the rate of drinking among males (Grucza, Bigyp& Bierut, 2009; National Center on
Addiction and Substance Abuse, 2007). Results tlosstudy suggest this parity may be
realized in a downtown bar setting.

There has also been debate regarding the relatphstween Greek-life membership
and alcohol intoxication (Cashin, Presley, & Meilima998; Fournier et al., 2004; Glindemann
& Geller, 2003; Scott-Sheldon, Carey, & Carey, 200&chsler, Kuh, & Davenport, 1996).
Results from this study suggest Greek-life studarggeaching slightly higher levels of
intoxication in a downtown bar setting than non-€kréfe students. However, the size of this
difference (i.e., 0.010 mL/L) suggests this BACealéntial may be of limited practical
significance. Essentially, both Greek and non-&itde students were, on average, drinking to
excessive levels of intoxication.

Accuracy of BAC-Feedback Techniques

Nomograms were largely inaccurate in predictingBAEven at a restricted BAC range

of .02 to .14 mL/L, nomograms were incorrect atptng BAC by an average of .054 mL/L.

Despite their inaccuracy, nomograms tended to stienate BAC. Thus, they may still be
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useful at deterring at-risk drinking decisions hessof the inflated BAC feedback. In other
words, false positives could be a good result is1 sftuation.

Many factors may lead to the inaccuracy of nomagran this field setting. While it
may be easy to attribute this error to known inaacies in the Widmark equation (Devgun &
Dunbar, 1994; Gullberg, 2007; Gullberg & Jones,49%wis, 1986), it may also be a result of
user error. Primarily, nomogram accuracy depemds drinker’s ability to report precisely the
number of standard drinks s/he has consumed. a¥ayltitude of studies demonstrate large
errors in self-reported number of drinks consumédese reasons include misunderstanding the
definition of a “standard drink” (Kerr & Stockwel011; Lemmens, 1994), ignorance of
standard drink volumes (White et al., 2005; Whttale 2003), poor recall while intoxicated
(Babor, Steinberg, Anton, & Del Boca, 2000; Husg.a@arey, 2005), and environmental factors
that influence self-monitoring of alcohol consunopt{Clapp, Min, & Shillington, 2006). Thus,
drinkers using nomograms may need prior educaggarding standard drink definitions and
techniques to aid memory recall (e.qg., recordingnper of drinks consumed).

While sobriety-test scoring showed moderate to getdbility, sobriety-test scores only
had limited utility at predicting actual sobrietindeed, sobriety-test scores barely predicted
sobriety better than chance. In general, indiVidoariety tests underestimated intoxication
levels. However, combining scores across all thests tended to overestimate level of
intoxication.

Thus, this study failed to replicate researchifigd that supported the ability of SFST to
differentiate BACs at .08 mL/L (e.g., Stuster & Bay 1998). However, many of these studies
use a police sample that allows police to makalgment based on a variety of cues other than

sobriety-test performance. For example, in additoSFSTS, police officers examine the way a
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vehicle is driven and the physical appearanceigeds after being stopped (Compton, 1985;
Harris, Howlett, & Ridgeway, 1979). Thus, sobrigtgting may be most accurate when paired
with subjective judgments of impairment.

These findings could have significant legal raaafions, since SFST serve as the legal
grounds (i.e., probable cause) for search andme(ze., taking breath or blood for alcohol
concentration testing). The high inter-observéabdity, paired with limited validity in the
current study, raises concern for the use of SBSEtimate level of intoxication in
determination of probable cause. When examiniegdhal scores of the sobriety test battery
used in the present study, these scores falsetljgped sober individuals (BACs between .02 and
.08 mL/L) were intoxicated 60.6% of the time. Thasses questions regarding the legality of
using SFST to provide initial evidence of intoxioat Replication of these results is needed to
provide legal and scientific clarification regardithe validity of SFST.

Effectiveness of BAC-Feedback Techniques at ShiftinSafety Perceptions

Aside from the accuracy of BAC-feedback technigsdbe efficacy of these techniques
at shifting perceptions of personal safety. Resnflthe MANCOVA revealed a significant
interaction between type of feedback and BAC atliptang the set of safety-perception
guestions. Several general trends were observibe:ge data.

Most notably, there was a markedly weak relatignbletween BAC and perceptions of
safety. This is particularly evident in relatianthe Control/ No Feedback condition. Thus,
perceptions of safety were relatively unchangethbseasing levels of impairment. This seems
to indicate individuals are not fully aware of f{hleysiological changes that gradually increase

with intoxication and are resistant to changingcpptions of safety accordingly. This observed
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lack of sensitivity to the safety-related conseaasof increasing levels of impairment could
explain the occurrence of a host of at-risk aagsgipeople perform while intoxicated.

In general, BAC feedback tended to be more effedivshifting perceptions of safety in
relation to the legal limit to operate a motor \adhi(i.e., BAC below the legal limit & risk for
DUI). Conversely, this feedback tended to be &fective at shifting safety perceptions related
to personal ability to drive (i.e., confidence lnldy to drive, driving impairment, and safe to
operate a motor vehicle). Thus, while this feedldaaded to help individuals understand their
legal liability, it was much less useful at helpingividuals understand the physiological
impairment resulting from their intoxication. Ither words, BAC feedback tended to help shift
external (i.e., legal), but not internal (i.e., gmal) perceptions of safety.

There was also a trend for individuals in thersaip-test group to have perception shifts
that were stable across BAC. Simply put, there ot a weak interaction between actual
BAC and perceptions of safety in the sobriety-tgsup (i.e., weaker simple slopes). Thus,
while individuals in this condition may not haveelneas accurate at estimating their BAC and
relative safety risk, these individuals typicalgported safer perceptions of driving risk (i.e.,
reported perceiving greater risks at their curtewel of intoxication). For example, examination
of Figure 11 demonstrates individuals in the sap+iest condition reported feeling significantly
less safe to drive across practically the entingeaof BACs. Indeed, while there was no
significant interaction with BAC, individuals inithcondition were consistently reporting safer
perceptions of driving safety.

Some of the strongest relationships between BALCp&nceptions of safety were
observed for the Breathalyzer and Nomogram conmditibhis was particularly true for questions

regarding risk for DUI and BAC below the legal linfi.e., external risk). Thus, feedback in



66

these conditions greatly helped individuals momruegately shift their perceptions of external
risk with increasing levels of intoxication. Hovwerywhile these perceptions were more closely
tied to actual BAC, this feedback also made indigid at lower BACs feel less at-risk for these
types of outcomes. It is possible this may prodoadvertent negative effects (e.g., drink-
driving at low BACS).

Results from this study demonstrated BAC feedlzarkhave substantial impact at
shifting drinkers’ perceptions of at-risk behavioM/hile individuals in the Breathalyzer and
Nomogram condition were more sensitive to actuallef intoxication when estimating
external risk, individuals in the sobriety conditioften reported a set of safer (i.e., greater) at-
risk perceptions regardless of BAC. Despite cent@accuracies, BAC feedback may be a useful
tool for reducing at-risk driving behaviors.

Unfortunately, it is impossible to determine howgh shifts in perceptions directly
related to same-night driving decisions. It wobddvaluable to know if internal versus external
perceptions of safety are more or less valuahilehbiting intoxicated driving or if driving
decisions are made without regard to perceptiorsaifgty at certain levels of intoxication.

While this could not be assessed in the currewlystunderstanding perceptions of safety
provides a reasonable approximation of driving vigthout the ethical and practical constraints

of assessing self-reported or observed drink dygivin
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Study 3: A Field Investigation of Nomogram and BACEstimation Phone Application
Accuracy and Efficacy at Promoting Driving-Risk Awareness

Informing alcohol consumers of their level of ixitwation offers a promising intervention
strategy for reducing alcohol-related harm. A gdapwcost-effective method for providing this
information is nomograms. However, the accuraay effectiveness of nomograms is mixed
(Devgun & Dunbar 1994; Dubowski, 1984; GlindemaniG&ller, 1994; O'Neill et al., 1983;
Russ & Geller, 1985).

Technological advancements have created innovpassibilities for improving the
social validity of the standardized nomogram apgphnoaSpecifically, BAC-estimation smart
phone applications provide a technology-based alis@appealing, widespread, and free method
of calculating one’s BAC. Yet, many questions ranragarding the accuracy and effectiveness
of these applications, particularly, in relatiorthe classic nomogram.
BAC-Estimation Phone Applications

The rapid development of phone technology (hardyvand related phone applications
(software) provide significant research opport@siti Phone technology has lead to several
alcohol-related advancements primarily in the domaif data collection (Collins, Kashdan, &
Gollnisch, 2003; Kauer, Reid, Sanci, & Patton, 2a@&trick, Griswold, Raab, & Intille, 2008)
and the delivery of health-related interventionsa(klin, Waller, Pagliari, & Greene, 2007,
Patrick, Griwsold, Raab, & Intille, 2008; Rodgetsak, 2005). Moreover, this technology
provides potential intervention tools to prevemoalol-impaired driving.

A multitude of phone applications have been degwediofor the iPhone and Android smart
phone platforms. These phone applications carolidaded directly onto a personal phone

and run at the convenience of the phone user.ufility of these applications has grown with
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increased smartphone saturation. In fact, ittisneded half of mobile subscribers currently use
a smartphone with these app capabilities (Niel20t2). Currently, smartphone users have an
average of 41 phone applications downloaded om peine, on which they spend an average of
39 minutes each day (Nielsen, 2012). The Applesapge alone reports the download of more
than 46 million phone applications daily (Meekdéd12). These numbers are growing
exponentially.

Dozens of phone applications have been designéd@nnloaded to estimate BAC.
Using at least some semblance of the Widmark eguaiese phone applications allow a
drinker to enter a variety of demographic and abt@oensumption variables and receive an
estimate of their BAC. Millions of downloads haveen reported by these phone applications,
creating tremendous opportunities for beneficiavention intervention, but also tremendous
concerns.

No empirical research has yet to be published examthe accuracy or behavioral
impact of these phone applications. While theldnig and transportation decisions of
potentially millions of people are being shapedhmse devices and their applications, the
efficacy of these applications remains unknownisTéha developing and critical area for
research investigation. Such was the purposeofidid study.

Hypotheses

The following hypotheses were examined in theentrstudy:

(H1): Phone applications will be accurate at preg BACs to .02 mL/L in comparison

to BAC.

(H2): Individuals receiving BAC feedback will reppdower perceptions of safety as BAC

increases compared to thérobgroup.
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(H3): Safety perception shifts will be greater fioe Phone Application condition as
compared to the Nomogram doord
Method
Participants and Setting

The sample includes 583 participants across theights (three consecutive Thursdays
and Fridays) the study was conducted. The samadermade up of more males (n = 438) than
females (n = 136). The sample was mostly non-Ggeek454) compared to Greek (n = 107).
Phone Application Selection

Phone applications were selected to capture theargest platforms: the Android and
Apple marketplace. The four most-downloaded, &pglications were selected from each of
these platforms. For the Android platform, Alcoi2r¢D1), Blood Alcohol Calculator (D2), R-
U-Buzzed (D3), and SoberApp (D4) were evaluateok. the Apple platform, BAC-Calculator
(11), Blood Alcohol Calculator (12), Mr. Dui- BAC &eculator (13), and R-U-Buzzed (14) were
evaluated.

The following information was collected for eaclople application: D1 (body weight,
gender, type of drink consumed), D2 (number ofldrjrweight, hours spent drinking), D3
(number of drinks, weight, gender, hours spentkiin), D4 (number of drinks, weight, gender,
hours spent drinking), 11 (number of drinks, wejglgnder, hours spent drinking, drinking
tolerance), 12 (number of drinks, weight, gendeuyrs spent drinking), 13 (number of drinks,
weight, gender, hours spent drinking), and 14 (nendj drinks, weight, gender, hours spent
drinking). Screenshots of these eight phone agipios are included in Appendix C.

Phone Application Administration
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Six researchers were specially trained to admineseh of the BAC-estimation phone
applications. Each of these researchers had att@ie device capable of running either
Android or Apple BAC-estimation applications. Téelected platform applications were
downloaded onto each device. These trained rdsaarélled in participant demographic and
alcohol consumption information into phone applmas for participants. These were the only
individuals who administered BAC-estimation phopelaations to participants.

Measures

In addition to demographic information, questiarese also asked regarding estimated
BAC and drinking intentions. A variety of addit@nguestions were also asked to estimate an
individual's BAC on the phone applications and ngmaons. This included questions about
height, weight, number of alcoholic drinks consursiatation of alcohol consumption, drinking
tolerance, drinking history, and food intake. induals were also asked “How accurate do you
think your predicted BAC is?” from “1” too low, t@” accurate, to “7” too high.

Five statements were read to participants reggrdiiiving safety perceptions.
Responses to all questions were assessed witlombhikert scale, from 1 (Strongly Disagree)
to 6 (Strongly Agree). The questions are as fadlow

(1) My blood alcohol level is below the legal limit dperate a motor vehicle.

(2) I am confident in my ability to operate a motor s in my current state.

(3) My driving would be impaired in my current state.

(4) 1t would be safe for me to operate a motor vehitley current state.

(5) If 1 drove, I would be at risk for being arrestent Driving Under the Influence (DUI).

Procedure
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The procedures in this investigation were sintibtethe overall procedure. After
individuals were recruited, they were randomly gissd into one of three conditions.
Participants were sorted based on a number inghpertright-hand corner of the data sheet.
Data sheets were layered by condition to ensuadaquate and random sampling of each
condition.

The three conditions varied according to the ongeof the study procedures. After
recruitment, all individuals answered a brief senédemographic questions. At this point,
procedures changed based on study condition. hadi@on 1, participants were sent to the
trained research assistant to enter their infoonatto a phone application. Participants then
answered the five questions regarding their sgfetgeptions and were administered a breath
alcohol test. In Condition 2, participants useatbenogram to estimate their BAC. Participants
then answered the five safety-perception questiwad their information entered into a BAC
phone application, and were administered a brdatihal test. In Condition 3, individuals
answered the five safety-perception questions, wenanistered a breath alcohol test, and then
had their information into a BAC phone application.

The administration of BAC-estimation phone apglmas was only performed by the
specially trained research assistants. When &ipant was at the appropriate part of the study
to use the phone application, the original datéectdr signaled one of the phone application
administrators. The phone application administragked the participant the necessary
information to produce a BAC estimate for the gieg@plication. Participants watched as their
information was entered and were then informedheirtestimated BAC. Upon completion of
using the phone application, the research assisitar sent the participant back to the original

data collector or passed them on to the BAC adinaicy.
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Results
Overall Drinking Epidemiology

Out of 553 patrticipants who received a breathladttest, 78 (14.1%) were completely
sober. Of drinking participants, the average BA&w102 mL/L with a maximum BAC of .242
mL/L. In this sample, males (.104 mL/L) had sigzahtly higher BACs than females (.093
mL/L; t(472) = -2.09p = .04). Additionally, members of a Greek-life angzation (.112 mL/L)
had higher BACs than individuals who were not mersloé a Greek-life organization (.100
mL/L; t(462) = -2.13p = .03).

Accuracy of Phone Applications

The average phone application was incorrect inmeging BAC by .083 mL/L$D
=.024). Table 6 shows BAC accuracy broken dowspmscific phone application. This
includes average BAC discrepancy and the absoaltee\of this discrepancy. Estimated BACs
over .300 mL/L were considered “erroneous” and rezddrom calculations of accuracy. This
was done because it is likely individuals receivesimated BACs over this number would
disregard the feedback. The percentage of erranBAISs per phone application (ranging from
0.0% to 28.0%)) is also provided in Table 6. FiglBeshows the average discrepancy between
phone-application-predicted BAC and actual BAC asnation of phone application.

The estimation of BAC near the legal limit was mxaed to determine if phone
applications tend to over versus underestimatd-ldgang status. If an individual was between
the BAC range of .02 through .079, then the ph@pieations predicted the individual was over
the legal limit 55.3% of the time. If an individuzad a BAC in the range of .08 through .14,
then the phone applications predicted the indiigiass under the legal limit 14.2% of the time.

Accuracy of Nomograms
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The accuracy of nomograms was assessed by catguiaé difference between actual
BAC and the BAC estimated by the nomograms. Omame homograms were inaccurate
by .052 mL/L at estimating drinker BACs. Nomograt®sded to overestimate BAC by an
average of .020 mL/L.

Effectiveness of BAC-Feedback Interventions

In addition to understanding the accuracy of BA€dfgack interventions, the efficacy of
these interventions at promoting safer driving pptions was investigted. This was examined
using a multivariate analysis of covariance (MANC&)With the five safety-perception
guestions as the dependent variables. Conditiag;,Bnd the interaction term were examined
as predictors of these dependent variables. lerdcdexamine these relationships at the critical
BAC range where many driving decisions are madg paiticipants with BACs ranging
between .030 and .160 mL/L were included in the NCAWA.

Using Pillai’s Trace, neither condition, [F(5, 37).43,p = .16] nor the interaction term
[F(10,760) = 1.53p = .12] were statistically significant. There wasignificant effect for BAC,
F(5, 379) = 7.30p < .01. Follow-up ANOVAs demonstrated BAC was angigant predictor of
all five dependent variablep's < .01.

Effectiveness of Feedback at Improving BAC-Estimatin

An ANOVA was performed to examine if BAC feedbaclkproved participant
estimation of BAC. The dependent variable wasatheolute difference between participant’s
actual and estimated BAC. Feedback condition skeagethe grouping variable. The results of
the ANOVA approached, but did not achieve, statsignificance, F(2, 469) = 2.60= .076.

Discussion

Overall Levels of Intoxication
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Results for overall levels of alcohol consumptioerevconsistent with the larger dataset
presented in Study 1. The average BAC of partidgavas well over the legal limit to drive
of .08 mL/L. Additionally, a significant percen&g@f participants were over twice the legal
limit. In this study, there were significant BA@fdrences as a function of both gender and
Greek-life status.
Accuracy of BAC-Feedback Techniques

Phone applications. The average phone application was incorrect immeding BAC
by .083 mL/L. Even after removing erroneous BAEdxctions (i.e., BACs > .300 mL/L), the
majority of phone applications were inaccurateraticting BAC by an average of .05 mL/L.
Indeed, the frequency of erroneous BAC predictisradso of concern. While Study 1 showed
students are poor estimators of their own levehtaixication, it is surprising phone applications
were nearly twice as inaccurate as these self asans.

The inaccuracy of these phone applications coale imany troubling implications.
This inaccuracy likely reduces the utility and efity of these phone applications at promoting
safer decisions while consuming alcohol. Thisargély because many individuals may not trust
BAC estimations that deviate markedly from percéilevels of impairment, even though these
perceptions of intoxication are inaccurate thenmeslv

However, if individuals do trust an inaccurate riegdthere is also the potential for poor
decisions to be reached. Fortunately, BAC-estmngphone applications had a strong tendency
to overestimate BAC. For example, only 14.2% dividuals with BACs between .08 mL/L
and .14 mL/L had an estimated BAC below the leigait to drive. Yet, for these individuals the
potential for alcohol-related harm may potentiatigrease. The impact of this type of incorrect

phone application estimation is worthy of futursaarch.
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Despite the significant discrepancy between BA@regtons from phone applications
and actual BAC in this study, this discrepancy rbayeven larger beyond a research context. In
this study, researchers entered all informatioa the phone application for the participant.
Researchers were specifically trained in the comeage of each phone application and entered
all information while sober. Intoxicated individeaising phone applications for the first time
may have great difficulty entering information ceetly. Additionally, all researchers are highly
educated regarding standard drink volumes. Ppatnts may have benefited from data
collectors research knowledge while estimatingldrifor the phone application. These factors
make it likely phone applications would be lessuaate estimators of BAC when users enter the
relevant information.

Differences in quality of BAC estimations were ebh&d across phone applications.
Most notably, Sober App (D4) made erroneous prexist28.0% of the time. There also was a
tendency for the iPhone apps to outperform the giddolatform apps. The most accurate phone
application was Blood Alcohol Calculator (12). Hewer, even this application was inaccurate
by an average of .044 mL/L. Thus, even the bedopeing phone application on the current
market may be of little practical use in estimatomg’s BAC.

Nomograms. On average, nomograms were inaccurate in pradi&@AC by .052 mL/L.
Thus, they performed similarly to the accuracy lobpe applications. Much like phone
applications, nomograms also had a tendency tcestiarate BAC. Despite the general
inaccuracy of nomograms, the tendency to overesiBAC may potentially promote safer
decisions.

Effectiveness of BAC-Feedback Techniques at ShiftinSafety Perceptions
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The effectiveness of BAC-feedback techniques watuated in terms of risk perceptions
and the promotion of more accurate estimationsAx€ B The MANCOVA indicated BAC-
feedback techniques were not effective in shiftimg safety-related perceptions of participants in
this study. However, safety-related perceptionseweoderately related to participant BAC.

There are many possible explanations for the ¢dignificant findings. Paired with
study findings regarding the inaccuracy of both ngrams and BAC-estimation phone
applications, it seems almost inevitable this B&A€dback would have no additive effect beyond
a drinker’'s own perceptions of intoxication. Indethis would match the reality that BAC
feedback was almost twice as inaccurate as anidudiVs own perception of his or her level of
intoxication. Additionally, as individuals becom®re intoxicated, they may become less open
to receiving feedback regarding physiological innpeant. Ultimately, drinkers may also place a
strong level of confidence in their perception8aiC with little room for adjustment based on
BAC feedback.

The effect of BAC feedback on estimated intoximatievels was similarly non-
significant. However, while these findings did meach statistical significance, they did
approach significance. Mean differences betwe@emxental conditions on estimated BAC
were practically meaningful (Phone Application 398 mL/L; Nomogram = .0342 mL/L;
Control =.0570 mL/L). While it cannot be conclddbese mean values are significantly
different, it would be remiss to fully preclude thessibility of meaningful differences in a future
study or with a larger n-size.

Summary
Both phone applications and nomograms were fourte targely inaccurate at

estimating BACs. This is troubling because hung@thousands of individuals use these
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feedback devices to estimate their level of intatian. This widespread inaccuracy is a
potential reason the BAC feedback in this study iwafective at promoting safer perceptions of
driving risk.

While there were substantial differences in thégeeance of phone applications, no
phone application emerged as a standout. Indeerk tvas not a single phone application that
estimated better on average than individuals’ g#iges of their own intoxication. Thus, no
particular phone application can be recommendedderas a result of this study. The actuality
is that significant effort needs to be undertaleaxamine the BAC-estimation programming of
these phone applications, and new phone applicaicnwarranted.

Nomograms were found to offer several advantages BAC-estimation phone
applications. Phone applications are not onlyigantly more complex to use, but also take
much longer to use. The complexity of navigating phone applications and need for dexterity
make many of the existing phone applications imjprakfor intoxicated individuals. Another
advantage to nomograms is the lack of extreme @reneous) predictions. Indeed, the phone
applications often provided profoundly unrealiggtimates of BAC. Since homograms only
calculate BACs to reasonable ranges, extreme earersot observed or possible through the
estimation tables. Even considering these advastdfe lack of nomogram accuracy makes it
difficult and unreasonable to recommend their widead usage as an effective intervention or

education tool to prevent harm from excessive alcobnsumption and intoxication.
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Study 4: The Longitudinal Impact of Breathalyzer Feedback on Self-Estimations of BAC

Blood alcohol concentration education is a widedgdiand supported technique that is
incorporated into many college programs to preagedhol abuse. In fact, it has been estimated
73% of college alcohol intervention programs in@sgte some component of BAC education
(Carey et al., 2007). This includes such programBASICS (Dimeff et al., 1999), AlcoholEdu
(Outside the Classroom, 2010), and Heads UP (LaB@#0). While there has been some
support for this education-based approach (Vandsuet al., 2010), other studies have shown
alcohol education approaches are ineffective wisea @lone (Larimer & Cronce, 2007). This
may be because they are often removed from th&idgrtontext and lack true personalization.

The most direct and accurate method of providiAgcEducation and feedback is at the
time the individual is consuming alcoholic bevemg&his allows the person to directly
associate a BAC with a state of impairment. Thaklfintervention method creates an individual,
face-to-face approach which has consistently beews to be the most efficacious alcohol
intervention strategy (e.g., Carey et al., 200IMe approach is also consistent with Russ and
Geller (1985) who argue more emphasis should b=egdlan interventions that exert their impact
after an individual consumes alcohol, but befor@hghe makes critical decisions (e.qg.,
operating a motor vehicle).

Yet, only a few studies have examined the impabreathalyzer feedback as an
intervention. Mixed results have been observedHese studies. Some research has indicated
breathalyzer feedback has no effect on the tratesjomm decisions of alcohol consumers
(Calvert-Boyanowsky & Boyanowsky, 1980; Oats, 197H) contrast, Sobell and colleagues

(1980) found individuals provided with breathalyzéor their cars self-reported significant
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decreases in drunk driving. Harwood (1984) repbaieecdotal evidence individuals may
actually consume more alcohol if they were disaptaal by their BAC reading.

Aside from the immediate impact on transportatienisions, breath-alcohol feedback
may also help individuals reduce the discrepantyéen their actual and perceived BAC over
multiple BAC administrations. However, only onady has examined the longitudinal
relationship of BAC feedback and accuracy of edtiimgeone’s BAC (Bullers & Ennis, 2006).
That study provided individual breathalyzers topheticipants and asked them to record a daily
drinking log, including self-reported drinking befars, estimated BAC, and their breathalyzer
reading. The researchers showed that at lower BA&Gwiduals became more accurate at
estimating their BAC over the first four drinkingaasions.

While the Bullers and Ennis (2006) study providgsresting preliminary results, the
study has significant limitations. In additionttee small sample size, the study had very limited
experimental control. The study relied heavilyumsupervised self-reports and drinking logs,
and no information was provided on the accuradyeforeath alcohol testers. Additionally,
there were some problems with the statistical a®aslyincluding running categorical variables as
continuous predictors in a regression framework.

Thus, further research is necessary to fully exeplbe effects of breath alcohol testing
feedback over time. The current study examinesighenomenon across multiple years, with
law-enforcement quality breathalyzers, and grestteerimental control, albeit in a field setting.
This will build on previous research while contnod for the limitations of these previous
investigations.

Hypotheses

The following hypotheses were tested:
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(H1): Female drinkers will be more accurate anesting their BAC than male drinkers.
(H2): Greek students will be more accurate atresting their BAC than non-Greek
students.
(H3): Accuracy of BAC estimation will increase tviyear in school.
(H4): Repeated breathalyzer feedback will resumaller discrepancies between gBAC
and actual BAC.
Method

Participants and Setting

The full sample was used as described in the eeserof dataset section. This included
12,432 times individuals participated in the stagdyoss 89 separate nights. A total of 10,225
unique individuals participated in the study. Amgmately, 18% these of individuals
participated in the research on at least two séparghts. The most an individual participated
was on 14 separate nights. Table 7 reports thé&égluency of repeat participation.
Procedure

The protocol was identical to that described ingbeeral procedure section. As a part of
the demographic information, surveyors collectedigpant information to create an
anonymous study code. For this code, participarte asked to provide the first two letters of
the city in which they were born, the first twotést of their mother’s maiden name, and the first
two numbers of the month in which they were bdfor example, an individual born in
Richmond in April with a mother's maiden name ohds would have the subject code “R1JO04.”

This code allowed for individuals to be trackedossrnights of participation.
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After providing the demographic information anddst code, participants were also
asked questions regarding their estimated anddeteBAC. After completing the survey,
individuals were administered a breath alcohol &est shown the results of this BAC assessment.

Results
Accuracy of Student Perceptions of Intoxication

Descriptive statistics were calculated for the dipancy between BAC and both gBAC
and intended BAC. This included both the raw dipancies and the absolute values of these
discrepancies. Additionally, the correlation beewgBAC and BAC was calculated, along with
the correlation between intended BAC and BAC. &abteports these statistics for both the
total sample and broken down as a function of nurab&mes participated.

The accuracy of gBAC was further examined as atfon of several demographic
variables. A 2 Gender (Male vs. Female) X 2 Gigtgtus (Greek vs. Non-Greek) X 5 Class
Status (Freshmen vs. Sophomores vs. Juniors vearSens. Graduate Students) ANOVA was
performed on the absolute value of the differeretevben gBAC and BAC. The overall model
was significant, F(19, 4972) = 3.89< .01; %= .015. The only significant result was a main
effect for class, F(4, 4972) = 9.08< .01. Tukey’s posthoc tests revealed freshmen an
sophomores were less accurate at estimating ti#gdsBhan juniors and seniors. Additionally,
juniors and seniors were better at estimating tRAC than graduate studenfsq < .01).

A similar analysis was performed to examine potmiemographic differences in the
relationship between intended and actual BAC. @eader (Male vs. Female) X 2 Greek Status
(Greek vs. Non-Greek) X 5 Class Status (FreshmeBmshomores vs. Juniors vs. Seniors vs.

Graduate Students) ANOVA was performed on the als®alue of the difference between
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intended BAC and actual BAC. The overall model wigsificant, F(19, 5078) = 2.4B,< .01;
?=.009.

There was a significant main effect for gender, BA78) = 12.68p < .01, showing
males were significantly further from their intedd®AC (.0450 mL/L) than females (.0401
mL/L). Both the main effect for class and the #ireay interaction approached statistical
significance j’s < .10).

Effect of Breath-Alcohol Feedback Over Time

A mixed-effects model was used to evaluate thecetitrepeated breathalyzer feedback
on BAC-estimation accuracy via longitudinal pagation in the study. This approach was
chosen because it is robust in handling missing (Baayen, Davidson, & Bates, 2008; Pinheiro
& Bates, 2000). Additionally, this approach allaier an examination of individual change
across repeated breathalyzer administrations.vitheals who participated in the study at least
five times were used to maximize exposure to reqaehteathalyzer feedback while maintaining
a sufficient sample size. Estimation accuracy @asnined for individual time points with
BACs between .001 mL/L and .200 mL/L.

The first mixed-effects model examined the effdaepeated study participation on the
dependent variable of the absolute value of tHermihce between gBAC and BAC. The fixed
effect for number of times participated reachediicance, F(4, 162) = 2.6 p,= .03. An
examination of the specific parameters found aedifice between BAC-estimation accuracy at
Time 1 versus Time S(=.0171, SE = .005&(162) = 2.93p < .01. Thus, participants at
Participation Time 1 were estimated to be .0171lniégs accurate at estimating their BAC as

compared to their accuracy at Participation Timé-ljures 14 and 15 show participant gBAC
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discrepancies as a function of number of times@pated in the study. Additionally, Figure 16
shows the mean gBAC discrepancy as a function wflaau of participation times.

A second mixed-effects model was run to examinestfext of repeated study
participation on the dependent variable of the kitewalue of the difference between intended
BAC and actual BAC. This model failed to reachngigance, F(4, 171) = .43, =.78. This
indicates repeated breathalyzer feedback was festtiee at reducing the discrepancy between
intended and achieved BAC.

Longitudinal Consistency of BAC

In addition to investigating the discrepancy betperceptions of intoxication and
drinking intentions over time, this study also aléxl for the examination of trends in level of
intoxication over time. Table 8 shows the corielabetween BACs at different times of
participation. All correlations with an n-size oten were statistically significant with
correlations ranging between .374 and .853. Figudrehows individual BACs over five times of
participation. This shows the consistency of pgréint BAC over repeated times of
participation. Only individuals who participateti@ast five times were included in the graph.

Discussion

To the knowledge of the author, this is the fatstdy to track individual drinking over
time using breath alcohol testing in a field seftiThe use of subject codes was an effective
mechanism for providing anonymous subject trackingr time. Accordingly, the results
provide unique insight into drinking patterns otiere and the effects of repeated breath alcohol
test feedback. Additionally, the large amount atiedprovided a unique opportunity to explore

the relationship between estimated BAC, intendeB#&nd actual BAC.
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Results supported the initial hypothesis that et were inaccurate at estimating their
level of intoxication. Indeed, the average drinkes incorrect in estimating their BAC by .034
mL/L. This difference varied significantly by ckwith upperclassman achieving higher levels
of accuracy than underclassman.

There are several potential explanations for thecebf class on BAC-estimation
accuracy. One possible explanation is a link betwgrinking experience and BAC-estimation
accuracy. However, it seems unlikely experienoea@Wwould improve estimation accuracy
without BAC education or feedback. Class diffeesncould also occur because the drinking
experience is likely very different for underclagsn{many of whom are underage) and
upperclassman (who are typically 21 or older). M/bpperclassman are potentially buying
traditional (i.e., standard) drinks, underclassmavwntown may rely largely on pregaming (i.e.,
frontloading) and getting random drinks from over&gends. This may make it more
challenging to estimate level of intoxication.

The study also found a large discrepancy betweended BAC and actual BAC (.0429
mL/L). In many ways this discrepancy is actuakgnbficial because students reached a BAC
that was, on average, .0118 mL/L lower than thegnded BAC. Indeed, while many students
are already reaching dangerously high levels oixicttion, the average intended BAC of
students was even greater still. This effect Mightsy smaller for females who had a
significantly smaller discrepancy between intenBéd€C and actual BAC as compared to males.
However, it remains possible participants reachghlér BACs after participating in the
research.

Several interesting results emerged from the repdaacking of participants throughout

the four years of the study. The consistency wikérs in this setting was noteworthy. This
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occurred in terms of repeat participation, but alisailar patterns of intoxication across this
repeated participation. Approximately, 18% of m#pants completed the study at least two
times. The BACs of these participants across plaltnights were strikingly similar. In fact,
correlations between BACs across multiple nighteraged over .500 mL/L. While several self-
report and diary studies (e.g., Kuntsche & Coopet,0) have shown similar levels of
intoxication consistency (i.e., drinking habitsistls the first study to the author’s knowledge to
examine these patterns using breath alcohol testiadield setting. The study results provide
strong support for the habitual nature of collelgel@l consumption.

A mixed-effects model demonstrated BAC feedback heaxe a beneficial impact by
reducing the discrepancy between gBAC and actu&@ .BAhus, results supported the general
conclusion of Bullers and Ennis (2006), but withicontrolled field setting. However, unlike
Bullers and Ennis, a significant reduction in gBAfor was not observed until the fifth
assessment of BAC.

These findings may indicate learning to estimate'©kevel of intoxication is a longer
process than receiving a one-time BAC readingfadh it may take up to four or more sessions
of feedback on separate drinking occasions to hatieeable accuracy gains in estimating
intoxication. Many reasons for this delayed leagrare possible. Most likely it takes several
breathalyzer feedback sessions to “calibrate” dividual's internal perceptions of impairment
with a physiological measure of BAC. While reswtghis study showed students tend to have
similar BACs across multiple nights of drinkingetk is clearly significant room for individual-
night variation in intoxication levels. Thus, dters may need to have several BAC readings
taken at these differing levels of impairment tgibeo achieve accuracy at guessing one’s level

of intoxication within a given BAC range.
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It is also worth noting that repeated breathalyeedback was useful in decreasing the
discrepancy between estimated BAC and actual BAEnbt the discrepancy between intended
BAC and actual BAC. Indeed, even at the fifth tiaigoarticipation where participants were
significantly more accurate at estimating their BAliey were not significantly more accurate in
reaching their intended BAC. Thus, there seeni®ta disconnect between drinking intentions
and behaviors that is independent from misperceptod intoxication. While many theories
(e.g., the theory of planned behavior; Ajzen, 198891; Ajzen & Fishbein, 1973, 1980) and
interventions focus on drinker intentions, resuitficate focusing entirely on the intention to
behavior relationship may only provide limited b&iseto reducing high-risk alcohol
consumption. After all, the average drinker adyuebnsumed less than their intentions.

There is a definite need for further research is domain and continued tracking of
participant BACs in the field. Unfortunately, wilimited numbers of individuals participating
in the study more than five separate times, it wgsossible to fully investigate the full extent of
repeated breathalyzer feedback. Future investigaiand further population of the database
should examine if improvements in BAC estimationtaaue, level off, or deteriorate beyond

five breathalyzer feedback sessions.
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General Discussion

This multi-year research project was designe&pboee a field research methodology
via breath alcohol testing while examining potdmi@vention intervention strategies in this
setting. Thus, the aim was to intervene on ataiskhol consumption among university
students at the critical moment of drinking whilecaattempting to achieve accuracy gains in the
measurement of alcohol consumption through brdatihal testing.

This enabled progress beyond self-report invesstiga of alcohol consumption,
providing for a more accurate examination of derapgic and environmental risk factors for
high-risk alcohol consumption. An additional aifrtlee research was to investigate
psychological mechanisms for at-risk drinking bebes: Both BAC-estimation error and
intended intoxication levels were targeted as ssiaf at-risk behavior and poor decision
making because of the observed gap between estimiatended, and actual BAC.

The field research also evaluated BAC-feedbackvetdions as a technique for
influencing perceptions of driving safety among#ling participants. Toward this end,
nomograms, sobriety tests, BAC-estimation phondiggmns, and breath alcohol tests were
used to heighten intoxication awareness and, uléiiyafacilitate safer driving decisions.
Beyond Self-Reported Alcohol Consumption

Across the globe and on our nation’s college amdeusity campuses, alcohol
consumption is the cause of substantial psychadbgied physical harm (Hingson et al., 2009;
World Health Organization, 2009). Despite the sigant financial costs and numbers of young
lives lost, the vast majority of alcohol researehes exclusively on self-reports of alcohol

consumption (Clapp et al., 2009; Wechsler et @I02). Yet, these self-report measures are
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notoriously inaccurate (Grant et al., 2012; Rusd.etl986; Shillington, et al., 2011; Whitford et
al., 2009).

The present research extended beyond existingegaift studies of alcohol
consumption. Furthermore, it aimed to build upwisteng field breathalyzer research (e.g.,
Grant et al., 2012; Glindemann et al., 1998) byattng a multi-year dataset of thousands of
student drinkers. To the author’s knowledge thihe most extensive field dataset of university-
student BACs.

Overall levels of student intoxication. One of the most revealing findings across all
studies was the extreme average BAC among uniyestsitlents. The mean BAC of drinking
participants was .100 mL/L. Over 60% of particifsanvere over the legal limit to drive.
Furthermore, multiple participants had BACs ové&0.2nL/L. Astoundingly, these averages
only included individuals who were sober enougbkuocessfully complete the survey and
breathalyzer process. Thus, this average BAGedylian underestimate of student intoxication.

These results are cause for significant conc@ffter all, this study found the average
university-student drinker is consuming alcohadbiaige-drinking levels. Additionally, this
magnitude of alcohol consumption is indicative dfiage-drinking culture. Based on the
current research findings, there is a clear neetddam-reduction interventions on a university
campus, particularly those targeting transportatiecisions.

Demographic differences in intoxication. Demographics related to alcohol
consumption have been widely investigated, butranittory findings have resulted. A possible
source of such contradiction is the method of assgwlcohol consumption (i.e., through self-

reported number of drinks consumed or eBAC). Tésearch provides some clarity to this
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research domain by studying these demographicdifées through a physiological measure of
alcohol intoxication among a large sample of ursitgrstudents.

Within this particular drinking context, severamographic differences were observed.
Most notably, males, members of a Greek-life orgation, and upperclassmen reached higher
BACs than comparable other groups. A significatgraction between Greek-life membership
and class status indicated members of a Greekiiifanization consistently had higher BACs
from sophomore year to graduate school, but tififsrdnce was not observed for freshmen.
This suggests the culture of Greek-life organizetioould promote alcohol consumption and
intoxication.

Given the large sample size of this study, itassurprising many of these demographic
differences reached statistical significance. Heveresults must be examined for both
statistical and practical significance. In thigagd, it is useful to examine the actual difference
in BACs across particular demographic groups. @lggeup differences in BAC ranged from
small to moderate. All demographic group differehavere less than .02 mL/L, and the
difference between genders was .0035 mL/L. Pdatilyufor gender differences, the small BAC
differential between males and females is notewarthtself. This would seem to support
previous research showing an attenuation of gediifferences in alcohol consumption among
university/college students (Grucza et al., 2008yéds et al., 2011).

At the individual level, these BAC differencesdiit have limited impact on risk and
aversive outcomes for different demographic groupswever, at a broader level, even this
small to moderate difference in mean intoxicationld have substantial effects and

consequences across hundreds of thousands ofe&aliedent drinkers. Thus, even slight
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demographic differences in levels of intoxicatithwsld be taken seriously at a school and
societal level.

The small effect sizes observed may also playeainahe often contradictory past
research of demographic differences in alcohol gonion. Many studies of these differences
would simply lack the sample size or measuremesttipion to find statistically significant
demographic differences in alcohol consumptionuslhhis research adds insight into the nature
of these demographic differences through a larggkasize and precision in assessing alcohol
consumption.

Alcohol consumption by day of the week.The day of the week was significantly
related to mean BACs. Results indicated the higleegsls of intoxication were observed on
Thursday nights, followed by Saturday nights. Trhesy be surprising to many readers;
however, the findings are consistent with previfielsl investigations at this university (i.e.,
Glindemann et al., 1998). It is risky to genemlikese findings to other colleges and
universities, albeit, research from other college/ersity campuses has demonstrated similar
results (e.g., Tremblay et al., 2010; Wood et241Q7).

The high prevalence and magnitude of alcohol caomgion on Thursday night is
troubling given weekday alcohol consumption is agged with unique and serious negative
consequences (Hoeppner et al., 2012; Ward et(l3)2 Thus, future research should examine
the motives for Thursday night drinking and thatieinship between academic class scheduling
and weekday drinking. Results from these investiga could inform academic policy at
colleges/universities and, perhaps, the implememtatf contingencies to reduce this problem

(e.g., scheduling more classes on Friday mornings).
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Designated drivers. Very limited field research has been conductedesighated
drivers. The current research extended the petit fesearch of Timmerman and colleagues
(2003) by studying a substantially larger sampler@/four-year period. The results added
insight into DD behaviors among university studenta setting where decisions about driving
are made.

Overall levels of DD intoxication.Perhaps the most startling finding is the overalél
of intoxication among DDs. Indeed, over half of thDs who consumed alcohol were over .05
mL/L, and almost one third were over .08 mL/L.sltvorrisome so many self-reporting DDs
reached levels of intoxication that put themsebksed others at heightened risk on community
roadways.

Demographic differences in DD sobrietyBoth the percentage of impaired DDs (i.e.,
BACs .05 mL/L) and the mean BAC of DDs were compareossgender and Greek-life
membership. Large DD-sobriety differences weresoled as a function of gender.
Specifically, 8% more of the female DDs were cortgllesober as compared to male DDs.
Among the DDs who consumed alcohol, 60.2% of mdls Bere impaired, whereas 40.8% of
female DDs were impaired. Furthermore, the avedsper BAC of male DDs was .067
mL/L, compared to .054 mL/L for females. Whileslsiuggests females tend to make safer DDs
than males, it does not suggest female DDs are $afieed, it is troubling the average female
DD who consumed alcohol was impaired.

No significant differences in DD sobriety were ebhg&d as a function of Greek-life
membership. This is likely a result of the smaiinber of Greek-life DDs patrticipating in the
study. Many Greek organizations have sober crevgsloer individuals selected as DDs on a

given night. These DDs are required to remain detaly sober and spend much of the night
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shuttling members of their Greek organization. §lthese individuals would be unlikely to
enter this study as a pedestrian.

Timing of transportation decisionsBased on the limited prior research regarding tgnin
of transportation decisions in a drinking setting.( Timmerman et al., 2003), it was surprising
the vast majority of students made their transpiortadecisions well in advance of initiating
their alcohol consumption. Indeed, less than 15#adicipants had not already made their
transportation decision by the time they began womsg alcohol. Nearly one third had made
their transportation plans days in advance. Tasdignificant implications for the timing and
the nature of interventions to reduce the intoxicabf DDs.

Previous self-report research has indicated theee&Ds are chosen, the more likely
they will remain sober (Demody et al., 2012; Timman et al., 2003). However, this was not
entirely supported by the current research. Haliose DDs chosen days in advance were
completely sober as compared to only 35% of the Elfiasen after arriving downtown. Yet,
among the DDs consuming alcohol, those chosen & days in advance had the highest
average BAC (.086 mL/L) as compared to DDs seleaftd arriving downtown (average BAC
=.059 mL/L).

These findings suggest selecting the least inttedtcandividual after a group begins
consuming alcohol is a harm-reduction strategy.indlividual selected as the DD days in
advance is committed to serving as the DD regasdiéhis or her sobriety or the sobriety of the
others in the drinking group. This could stifleesaevaluation of DD sobriety or a change in DD
if the original DD consumes too much alcohol. T$uggests selecting a DD days in advance
without a zero-drinking agreement, may be more dengg than selecting a DD at the time of

alcohol consumption according to the lowest peexievel of intoxication.
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Regardless of demographics and the time of DD s8efe¢hose DDs who consumed
alcohol were frequently reaching at-risk levelsmbxication for operating a motor vehicle.
Results suggest a harm-reduction approach to DBedplfi.e., encouraging DDs to consume
fewer drinkers) may potentially cause more harnmh@od. Indeed, these results suggest a
greater need to promote complete sobriety among DDs

Having a DD. Resistance to promoting DD programs is often basef@ar individuals
with a DD will consume larger quantities of alcoltimhn those without a DD. While the present
research found males with a DD reached slightlyéidevels of intoxication (.005 mL/L), the
risk caused by this slight increase in BAC is miaimompared to the risk of not having a DD.
Results from this research strongly support theofisesober DD.

Significant differences in reported DD availabilitxere observed for gender and Greek-
life membership. While 10% more females had a BR@@npared to males, members of a
Greek-life organization were nearly twice as likelyhave a DD as compared to non-Greek-life
members. This seems to contradict previous resd¢hat found males were more likely to use a
DD than females (Haines et al., 2006). The resiltee present study could suggest a changing
trend in DD use or that females may be less likelyse the DDs they have available.
Identification and Assessment of Student Alcohol Gusumption Risk Factors

Paramount to the creation of successful intervestis the identification of risk factors
for alcohol misuse. A critical risk factor is a&kaof self-awareness regarding current levels of
alcohol intoxication. In fact, BAC education isvadely used intervention designed to heighten
this awareness (Carey et al., 2007; Van Beurdah,£2010). Furthermore, a number of studies

have documented the significant gap between driekBmated levels of intoxication and actual
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BAC (e.g., Grant et al., 2011; Russ et al., 198&nbs et al., 2003). Yet, the magnitude and
even the direction of this estimation error ark Bighly debated.

As the largest investigation of gBAC, the currergearch added insight into this
relationship and explored the potential for gBAM#a determinant of safe versus at-risk,
alcohol-related decisions. Indeed, it was founaisconers of alcohol were incorrect in
estimating their BAC by an average of .034 mL/LhisTis a significant discrepancy that would
likely create errors in judgment and taking alceimppaired risks (e.g., operating a motor
vehicle).

Interestingly, results from the present reseaocimdl the direction and magnitude of
gBAC discrepancy varied substantially as a functibane’s current level of intoxication. As
demonstrated in Figure 8, individuals at lower BAGs., less than .08 mL/L) tended to
overestimate their BAC, whereas individuals at BigBACs (i.e., greater than .08 mL/L) tended
to underestimate their BAC. Most troubling was dlhservation that the average magnitude of
BAC underestimation grew steadily as BAC levelsa@ased.

Thus, participants were not only inaccurate atregtng their BAC, but the individuals
most at risk for impaired driving showed a stroagdency to underestimate their BAC. This
presents a clear and substantial risk for indivslwdno perceive they are safe to drive while they
are, in fact, over the legal limit. It appearsderit lack of intoxication awareness is strongly
present among university students, and this emrestimation could produce serious health and
safety consequences. Interventions designed txeetthis error appear to have significant
potential for reducing alcohol-related harm in thepulation.

Blood Alcohol Concentration Feedback Interventions
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After identifying the magnitude of error assoctht@th BAC estimation, several
interventions were implemented to promote awareae#® risk associated with one’s
inaccuracy at estimating BAC. The interventionslstd are practical and widely used. Indeed,
hundreds of thousands of individuals use these Bfgdback methods to estimate levels of
intoxication for personal, recreational, and leg@aplications. Thus, the efficacy of these
interventions carries significant implications fodividual and societal alcohol-related safety.
Sobriety tests, nomograms, BAC-estimation phondiegmns, and breath alcohol testing were
all investigated in the current research.

Accuracy of BAC-feedback interventions. The validity of current BAC-feedback
techniques is critical to understanding the abdityhese interventions to promote safer
perceptions of alcohol-related risk. Researchraditional, older techniques (i.e., sobriety
testing and nomograms) has often demonstrated mesedts for the accuracy of these
techniques at predicting BAC. For the newer teghaiof BAC-feedback phone applications, no
previous systematic, empirical study had been coiediuto examine the accuracy of this
estimation method. Thus, an assessment of BAMhBexdaccuracy was a critical component of
the present research

Accuracy of sobriety testsThe accuracy of three sobriety tests (the walk+amad-test,
one-leg-stand test, and counting-backwards test)axamined. Scoring for SFSTs followed
NHTSA guidelines, and scoring reliability was asses While sobriety-test scores were highly
reliable across multiple observers, these testg parformed slightly above chance at
differentiating BACs at .08 mL/L. This is countermuch of the official literature on sobriety-

test accuracy (i.e., Stuster & Burns, 1998).



96

All three of the sobriety tests had a strong tewcgido overestimate sobriety. That is,
these tests individually tended to estimate arviddal was less than .08 mL/L when this was
not the case. However, if the scores of all tegie examined collectively, the total score highly
overestimated intoxication. More specifically, whadividuals had a BAC less than .08 mL/L,
they were estimated to be over the legal limit $9af the time.

This could have substantial legal consequendbgsde results generalize to law-
enforcement situations. Indeed, this seems qlaigsgple considering the high reliability of
sobriety-test scoring in the current study. Thederiety tests are being used to demonstrate
probable cause for further blood or breath testingicohol intoxication. Yet, taken as a whole
in this study, the results of these tests falsabeled non-legally-impaired drinkers as over the
legal limit to drive more than half of the time.

Accuracy of nomogramsNomograms were investigated across both Study Saundly
2, with similar accuracy results. In both studie®mograms were inaccurate by slightly more
than .05 mL/L as compared to actual BAC. Constsigtin previous research findings (i.e.,
Glindemann & Geller, 1994) there was a tendenayoshograms to overestimate BAC. In the
current studies, estimated BAC averaged .02 mLghdr than actual BAC.

Accuracy of BAC-estimation phone application3he phone applications selected for
this research were the four most popular, free B&@mation phone applications on each the
Android and Apple marketplace. Yet, all of theb@me applications performed poorly in
comparison to actual BAC. Indeed, the average efrBAC estimation was .083 mL/L. Even
when ignoring erroneous BAC estimations (i.e.,reated BACs > .300 mL/L), the average
application was still inaccurate by an averagddbfmL/L. Fortunately, phone applications had

a tendency to overestimate BAC. Thus, while ttegsg#ications were largely inaccurate, there
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was a tendency for the applications to err on ithe af caution. No single phone application
emerged as particularly worthy of special consitienaimplying a need to develop more
accurate phone applications for BAC estimation.

Overall accuracy conclusionsThe accuracy of these widely-used BAC-feedback
techniques was disappointing. Indeed, these tgaksiwere less accurate than individuals’
estimations of their own intoxication — completelyunter to the intended purpose of these
techniques. This inaccuracy could have emergéaisitype of field setting for a variety of
reasons. However, the common poor performancembgrams and BAC-estimation phone
applications may support research regarding inacoes in the underlying Widmark equation
(Devgun & Dunbar, 1994; Gullberg, 2007; Gullberglénes, 1994; Lewis, 1986).

Another plausible source of error comes from tbexr's awareness/knowledge of alcohol
consumed. Research has demonstrated most consoinaézehol misunderstand the definition
of a standard drink (Kerr & Stockwell, 2011; Lemmaeh994), are unaware of standard drink
volumes (White et al., 2005; White et al., 2003)] dave poor recall of number of drinks
consumed (Babor et al., 2000; Hustad & Carey, 2005us, traditional studies of the Widmark
equation where alcohol consumptions is carefullyticdled and dosed in a lab setting may
inadequately reflect application of the equatioreréhnumber of drinks consumed is
retroactively estimated and recalled in a naturakihg environment.

It should be noted, error due to the above reasmoutd be greatly minimized in this
controlled research context. Our research asssstegre trained on standard drink volumes, and
they entered all information into the nomograms BA®€-estimation phone applications. This

would reduce error due to user ignorance or unfanty with the nomogram or phone
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application. Thus, the performance of these BA€dback techniques may be even worse in
other settings.

Effectiveness of BAC-feedback interventions at shihg safety perceptions. Aside
from the effectiveness of various BAC-feedback teghes at shifting safety perceptions,
several broad results emerged. In general, thaseansurprisingly weak relationship between
current level of intoxication and perceptions af/org safety. Specifically, perceptions of
increased risk and lower safety did not stronglgerge with increased intoxication. This seems
to indicate individuals are not fully aware of thewn changing levels of impairment and
corresponding increases in risk.

Furthermore, it seemed BAC-feedback was mostyliteekhift safety perceptions in
relation to risk for DUI, or having a BAC below thegal limit, as opposed to internal
perceptions of impairment, confidence, and safetglation to operating a motor vehicle. Thus,
the shifts in perception were other-directed (ea&ternal) rather than self-directed (i.e., inté€rna
This is defining external risk as one’s perceptbgetting caught or becoming legally at risk,
whereas internal risk perceptions relate to onleistyaor confidence in safely engaging in a
behavior.

The external (i.e., other-directed) shifts werdipalarly pronounced for the breathalyzer
condition. Under this condition, it appears papants believed their BAC reading and, perhaps,
re-evaluated what this number could mean for tiletihood of facing legal risk. However,
even this type of feedback did not seem to impaividuals’ internal perceptions of safety.
Specifically, even in the breathalyzer conditiosBAC increased, participants did not appear to
interpret this feedback as information requiringrthto re-evaluate their safety, confidence, or

ability to drive. A similar effect was also obsedvfor nomograms in Study 2.
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Sobriety-test results were notably different froomograms and breath-alcohol testing.
In the sobriety-feedback condition, there was oftenuch smaller interaction between
participant BAC and risk perceptions. Thus, winiéividuals in this condition were not more
sensitive to shifting risks with increasing BACsete was a more universal awareness of risk.
This is particularly true for perceptions of safeydrive. Indeed, individuals across virtually all
BACs in the sobriety-test condition, on averagppreed feeling less safe driving at their current
level of intoxication. Indeed, this was the onbndition to influence an internal perception of
safety versus the control group.

These results provide several advantages to $pbesting as a feedback mechanism.
While individuals in the nomogram and breathalyzandition were more sensitive to their
particular level of intoxication, this may encoueatsk-taking at lower BACs. For example, an
individual who receives feedback from a breathalykat their BAC is .070 mL/L, will likely
feel much more confident they are not at risk f@#l as compared to an individual who does
not have BAC feedback. This could actually pldent at greater risk for following through
with at-risk decisions (e.g., operating a motoriekf). Thus, at low BACs, sobriety testing may
provide a more useful demonstration of physiologitgairment that would also discourage
impaired (albeit, not legally intoxicated) driving.

Receiving BAC feedback from a phone applicatiod ha statistically significant effect
on perceptions of risk. This is likely the resaflforoad inaccuracies in BAC estimation across
all phone applications tested. Thus, this typgeetiback not only gave a poor estimation of
intoxication, it also had no beneficial effect dnfsng perceptions of driving risk.

Effectiveness of BAC-feedback interventions at imeasing gBAC accuracy.Across

Study 2 and 3, none of the BAC-feedback conditemseared to help individuals estimate their
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current level of intoxication. This makes sensesidering the observed inaccuracy of these
feedback techniques. Indeed, while individuals.@8d mL/L incorrect in estimating their BAC
without feedback, many of the feedback techniqueeweven less accurate.

Study 4 took this research question a step futitheaxamining the one feedback
mechanism that is accurate (i.e., breath alcolstéts) across multiple trials. This provided
participants with a reasonable and accurate assessihtheir BAC and allowed for learning
over time. Results from this study showed repebtedthalyzer feedback did help participants
estimate their BAC more accurately. This accuiagyrovement was not immediate, requiring
five trials to see a statistically significant inogement in accuracy at estimating BAC. While
these results demonstrate the potential learningflie of breathalyzer feedback, it is unclear if
this accuracy translated into more safe versuskidecisions.

Overall Conclusions

This research sought to improve upon the tradiiomeasurements of alcohol
consumption and impairment and investigate praadttarventions for reducing alcohol-related
harm. With over 12,000 recorded BACSs, this islttigest field investigation conducted to date
of alcohol consumption among university studemesults showed extreme levels of
intoxication in this university setting. High ldseof intoxication were reached across nights of
the week and demographic groups.

Several popular BAC-feedback techniques were at@tlifor accuracy and efficacy at
improving drinkers’ perceptions of risk. Thesedkack techniques (i.e., sobriety tests,
nomograms, and BAC-estimation phone applicatioresewvidely inaccurate at estimating
BAC. Thus, they had limited ability to improve gdividual’s accuracy at estimating his or her

BAC or risk-related perceptions. However, thesslback techniques were effective at shifting
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some types of risk perceptions, particularly thiedated to external risk (i.e., risk for a DUI or
being over the legal limit to drive).

It should be considered this research was conductene particular setting at one
university. Results may not generalize to oth@ygaphic areas, school types, or student bodies.
Yet, the results do provide a glimpse of the curoatiege-drinking culture.

The present research should encourage future igaests to conduct research using
breath alcohol testing in a field setting. Theser# field studies and others have demonstrated
the error associated with self-reported and esathBAC. Furthermore, this research should
spawn additional BAC-feedback intervention teche&and applications. Each year over one
thousand college and university students are kdked result of excessive alcohol consumption.
Innovative measurement and intervention strategyiesmperative to reduce the widespread
harm resulting from the misuse and abuse of alcohol

Future Directions

The current studies were designed to explore thgnitude of alcohol consumption
among university students and the efficacy of BA&€dback interventions to promote healthier
driving perceptions while intoxicated. The reswaitshese four field studies over four years and
12,432 BAC assessments confirmed the premise tinagnsity students reach extreme levels of
intoxication and are largely unaware of their BAGnfortunately, the effectiveness of current
BAC-feedback mechanisms was limited in this settifbis creates several future directions for
this line of research.

First, the accuracy of BAC-estimation techniquesdsefurther investigation. Overall,
the performance of nomograms, phone applications sabriety tests was remarkably poor.

Indeed, these tools were incorrect by an averageooé than .05 mL/L. The development of
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more accurate estimation techniques requires focattempts to identify the sources of
estimation error. It is unclear if estimation inaacy was due to flaws in the Widmark equation
or the accuracy of information used for these caiatpons.

Investigations of the sources of estimation ereguire more rigorous experimental
testing in a controlled environment. This coulddlve either bar labs or dosing studies where
the intake of alcohol is carefully measured ancetimprecisely tracked. While the Widmark
equation only accounts for amount of alcohol corstinime spent drinking, and body mass, a
multitude of additional factors have been linked®C. The impact of factors omitted from the
Widmark equation should be thoroughly examineddieanine if these factors could account
for the lack of BAC-estimation accuracy. If BACHesation techniques are more accurate
within these controlled settings, a consumer abladd’'s memory and knowledge deficits would
emerge as a significant portion of estimation erfbhis type of investigation could direct efforts
toward a more complete Widmark equation or towheddevelopment of education and
memory-retrieval efforts to help alcohol consumter input drinking information into BAC-
feedback tools.

In addition to developing more accurate BAC-estioratools, innovative strategies are
needed to more profoundly increase alcohol conssmrareness of risk from intoxication
based on BAC feedback. The results of this rebedemonstrated it was easier to shift an
individual's perception of external versus interngk. Specifically, BAC feedback that
produced a numerical estimate of BAC (i.e., nomogrand breath alcohol testing) often made
individuals feel more at risk for a DUI or moredil to be over the legal limit to drive.

However, it was less likely to shift an individuainternal feelings regarding their ability or
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safety to drive at their current level of intoxicat Sobriety testing, on the other hand, did seem
to facilitate slight shifts in internal perceptioofsdriving safety.

Indeed, BAC-feedback techniques that shift botarimal and external perceptions are
necessary to maximize the effectiveness of thidifaek. In many ways, this dichotomy of risk
processing is related to cognitive versus emotiengbathy. These are the two types of empathy
related to inferring a mental state (i.e., cogeitampathy) versus having true empathic concern
(i.e., emotional empathy; Davis, 1980; Davis, H¥lbung, & Warren, 1987; Dziobek, Rogers,
Fleck, Bahnemann, Heekeren, Wolf, & Convit, 2008hese two empathy pathways have even
been related to different biological/neural pathsv@yummenmaa, Hirvonen, Parkkola, &
Hietanen, 2008; Rankin, Kramer, & Miller, 2005; &fay-Tsoory, Aharon-Peretz, & Perry,
2009). Similarly, individuals may understand tlogmitive (i.e., external) risk of driving at a
certain level of alcohol intoxication, but not pess the emotional or personal (i.e., internal). risk

Thus, BAC-feedback methods need to incorporateingrgomponents to engage both
types of risk processing. For example, futureassdeshould incorporate both numerical BAC-
estimation methods (e.g., nomograms and breathall¢esting) and physiological impairment
indicators (e.g., sobriety performance tests). uRe$rom the current investigation indicate these
sobriety performance tests should be expanded bigyaditional standardized field sobriety
tests (SFST).

There are many possibilities for creating new sigrperformance tests and novel
methods should be fully explored. One possibletemidis the ruler-drop test. This involves
dropping a ruler between one’s index finger andiithu The score for the test is represented by
the distance the ruler drops before being caugindsn the two fingers. Also, advancements in

eye-tracking technology offer significant opporties for sobriety testing. Horizontal gaze
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nystagmus and eye-tracking latency could both Ipéoead as potential indicators of
impairment.

The current investigation revealed a critical nedempirically-driven prevention
intervention efforts. These results also showedBAlucation could be an effective target area
for intervention. However, future research ne@dsxamine the accuracy of existing BAC-
feedback tools and develop more efficacious metlhaddelivering this feedback to consumers
of alcohol.

Recommendations for Virginia Tech Policy

The results of the current investigation build2ényears of field research targeting
university-student alcohol consumption in Blackgbu©Over these decades the average levels of
intoxication have steadily risen, accentuatingrtbed for widespread university and student-led
action. Given the magnitude of alcohol intoxicatithe solution to this problem may require
nothing less than a total culture shift on the Wiig Tech campus. This is undoubtedly the case
on many other college/university campuses througtimU.S. and beyond. The following
research-driven recommendations represent argagtaitial improvement in this particular
university setting.

Mandatory First Year Experience (FYE) Course

For several years, Virginia Tech has considerednipiementation of a standardized
first year experience (FYE) course for freshmen taadsfer students. This course could educate
students on a variety of topics related to edunatiealth, and wellness. Specifically, this
course could be used to teach students about sthddak volumes, BAC-estimation, and at-

risk behaviors while intoxicated. Topics on sexasgault and victimization should be included,
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as well as the need to take personal responsilitintervening on behalf of the health, safety,
and well-being of others.

Currently, all entering students are requirechteta brief, online alcohol class called
Alcohol-Wise. Many students report not taking thasirse seriously. Furthermore, the online
administration of this course does not allow fardent dialogue around issues of alcohol misuse
and abuse. A FYE class could provide a uniquebemeficial medium for alcohol-related
education and discussion with peers and allowHersharing of motivational emotions. At a
minimum, providing students with the educationallsdo protect themselves and others in
particularly high-risk drinking environments coyddbvide substantial benefit. Social skills
training regarding how to intervene on behalf & welfare of others in specific situations could
be included and would be invaluable.

Learning Living Communities

Learning living communities provide another oppaity to reduce alcohol misuse and
abuse by facilitating strong peer relationships asgénse of community. Historically, Virginia
Tech has supported several of these communitiesdrihe broad themes of academic major,
enhanced-learning, and themed housing. The rao@iementation of residential colleges
offers incremental potential for creating healtimg @ositive social networks for students. Thus,
with residential colleges students may not feeltbed to build a social network through alcohol
consumption and venues conducive to at-risk drgpkin

Residential colleges could be particularly usdfthiey are implemented university wide
alongside a comprehensive FYE course as detail@gkabr his would create a solid network of

peers who are continually engaged in healthy disddgrough a guided course experience. The
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additional of an in-house faculty advisor wouldoadgld significant benefit within the residential
college philosophy.
Late Night Programming

In recent years, Virginia Tech has made some gaisponsoring late night social
programming. However, significant room for impravent remains. The absence of university-
sponsored late night activities often leaves a Woad alcohol consumption is left to fill. These
activities could include late-night pancake dinnecdfee houses, alcohol-free dances, video
game tournaments, and sports tournaments.

Extended Facility Hours

Unlike the vast majority of students, most univigrbuildings shut down well before
midnight. Indeed, until recently, even the univigrBbrary also closed early in the night. The
lack of open academic and recreational facilitiast pnidnight pushes students into places that
remain open. This often includes bar establishmand parties.

While there are non-negligible financial costsoasated with the staffing and utilities of
university buildings, extending the hours of operatvould provide students with healthier
alternatives to late-night alcohol consumption.pédmticular, McComas Hall could provide a
high-impact facility for extended hours of operatioThis facility includes several basketball
courts, treadmills, weight room, spin room, andbimdtrack. Incentives could be provided to
encourage late night attendance including tourngsnenize raffles, free sports drinks, and free
weight training. Not only could this discouragéinduals from consuming alcohol, but it could
also promote a set of healthy alternative actisitie

Squires serves as another prime example of atyatalkeep open well into the night.

This would allow students the opportunity to engageecreational activities such bowling, ping
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pong, and pool. It would also provide an ideallitycfor late night movies and meeting
locations.
Course Scheduling and Attendance Policies

The results from the present research indicatmzhal consumption on Thursday night
surpassed drinking across all other nights. Trag be a result of many students navigating
their course schedules to avoid early and/or Fridagses. Furthermore, a lack of mandatory
attendance policies enables students to feel coafilerskipping classes in favor of late-night
alcohol consumption. In the latter example, stislane not only facing risks related to alcohol
consumption, but also placing their academic peréorce at risk.

Creative academic scheduling and policies cowddterenvironmental deterrents to
heavy weeknight alcohol consumption. In many waysyersities need to reclaim Fridays.
This includes course scheduling and attendancsrulctors, particularly those teaching on
Friday, should consider creative techniques fordasing course attendance. As an example,
many instructors have incorporated electronic eisknto their instruction. During the course
of a lecture, students interact via a personaketiby answering questions or selecting a topic
for further clarification. These “clicker pointsan be incorporated into student grades, thus
promoting attendance.

Resource Allocation from Student Budget Board

At Virginia Tech, the student budget board is cledrwith distributing thousands of
dollars spawning from student activity fees. Wlaleents where alcohol is served are not
eligible for budget-board funding, a creative inbem system could be created to reward events
designed to reduce alcohol consumption among stsidéior example, a certain amount of

funding could be set aside to specifically fun@{atght programming by student organizations.
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This would be even more effective if it were reselvor Thursday, Friday, or Saturday late-
night programming. Additionally, this type of pmagnming could receive special consideration
for funding during the general allotment phase.

In coordination with the university-led initiatiseletailed above, this process would
encourage students and student organizationsdamalsk towards creating healthy alternatives
during traditional alcohol consumption times. ladea combined effort is necessary to provide
sufficient non-drinking alternatives to engage #gigant portions of the student body. Creating
incentives to facilitate the development of creatiexciting, and well-attended late night events
could play a significant role in reducing at-ridkahol consumption.

General Recommendation Strategy

The strategies detailed above serve as sevenaies for cultivating a comprehensive
culture change on Virginia Tech’s campus. Thefatsfmust incorporate university
administration, faculty, and students. While fioiahconsiderations could serve as a barrier to
the initiation of many of these programs, the @dstot acting must also be considered. Nearly
2,000 student deaths occur each year as a reslttafol consumption, and the impact of such
harm has not escaped Virginia Tech’s student body.

Since the 1980’s the Center for Applied Behavigst&ms has studied alcohol
consumption on Virginia Tech’s campus. The curieméstigations represent the most recent
and comprehensive snapshot of student alcohol agptsen. The results provide clear evidence
of the need to develop and implement significaneéléomative measures and the risk of not
acting. Hopefully, the present field studies \eiticourage major university stakeholders to come
together and initiate a culture shift away fromdardrinking and towards student health and

wellness.
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Table 1

Average BACs as a Function of Demographic Grou®92@012)
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Group Sample Size Percent Sober Mean BAC (SD) 95% C
LL UL
Gender
Female 3,094 19.7% .0965 (.0475) .0945 .0985
Male 7,046 15.0% .1000 (.0475) .0987 1013
Greek Status
Greek 2,116 8.5% .1090 (.0477) .1067 1112
Non-Greek 7,995 18.7% .0958 (.0470) .0945 .0970
Class Status
Non-Student 934 8.5% .0949 (.0492) .0916 .0983
Freshman 1,908 36.4% .0816 (.0398) .0793 0838
Sophomorg 697 40.9% .0884 (.0454) .0840 299
Juniog 1,363 15.7% .1034 (.0488) .1005 1062
Seniof 3,991 3.8% .1060 (.0480) .1045 076
Grad Studept 683 10.5% .0879 (.0452) .0842 199
Alumni 580 5.3% .0974 (.0464) .0935 1013
Total 10,225 16.4% .0998 (.0470) .0988 .1008

Note.Variables in the Group column that share subscdpteot differ significantly.



Table 2

Average BACs as a Function of Environmental Fac(a@99-2012)
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Group Sample Size Percent Sétser Mean BAC (SD)* 95% ClI
LL UL
Day
Thursday 4,072 5.4% .1063 (.0478) .1048 .1078
Friday 4,747 6.4% .0988 (.0467) .0974 .1002
Saturday 1,099 6.4% .1007 (.0528) .0975 .1039
Semester
Fally 6,605 6.4% .1028 (.0476) 1016 .1040
Spring 3,620 7.1% .1000 (.0489) .0984 1017
Year
2009 1,348 6.5% 1032 (.0484) .1005 .1059
201Q 2,606 4.2% 1019 (.0473) .1000 .1038
2011 2,994 7.5% .1008 (.0470) .0991 .1026
2012 3,277 7.6% 1021 (.0496) .1003 .1039

Note.Variables in the Group column that share subscdptaot differ significantly.

*BAC = 0.00 mL/L

"Analyses only include university students



Table 3
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Designated Driver (DD) Sobriety as a Function ofemiTransportation Decision was Made

Transportation Sample  Percent

% > .08 Mean Std. Dev.

Decision Size Sober BAC

Days in advance 43 51.2% 47.6% .0860 .0575

Earlier Today 196 39.3% 24.1% .0590 .0423

After arriving 31 35.5% 40.0% .0589 .0380
downtown

Currently 12 33.3% 37.5% .0684 .0272
undecided

Total 372 37.9% 29.0% .0613 .0413




Table 4

Designated Driver (DD) Sobriety as a Function oinegraphics
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Group Sample Percent % >.05 % > .08 Mean Std. Dev
Size Sobef BAC
Gender*
Female 90 45.6% 41.8% 18.4% .0538 .0433
Male 188 37.2% 60.2% 36.5% .0669 .0440
Greek Status*
Greek 50 38.4% 66.7% 45.8% .0787 .0512
Non-Greek 229 52.0% 51.8% 27.7% .0602 .0425
Class Status
Non-Student 56 32.1% 60.5% 27.3% .0647 .0320
Freshman 33 78.8% 71.4% 42.9% .0637 .0320
Sophomore 30 70.0% 66.7% 44.4% .0614 .0329
Junior 54 50.0% 59.3% 44.4% .0748 .0542
Senior 117 23.1% 63.3% 30.0% .0639 .0471
Grad Student 48 27.1% 45.7% 17.1% .0508 .0278
Alumni 30 30.0% 28.6% 23.7% .0465 .0338
Total 372 37.9% 52.8% 27.7% .0613 .0413
4BAC = 0.00 mL/L

* Analyses only include university students
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Table 5

Sobriety Test Accuracy as a Function of Test-Esachand Actual BAC

Sobriety Test BAC .08 PassTest Fail Test Totals Percent Accurate
Walk and Turn Test No 51 24 75 68.0%
Yes 60 63 123 51.2%
One Leg Stand No 58 17 75 77.3%
Yes 73 46 119 38.7%
Counting Test No 52 25 77 67.5%
Yes 65 63 128 49.2%
Total Test Score No 45 64 109 41.3%

Yes 27 137 164 83.5%
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Table 6

Estimation Accuracy of Individual Phone Applicason

Phone Application  PhoneApp- |[Phone App- Percent Erroneous

Actual BAC  Actual BAC| BACS
Android
(D1) Alco-Droid .051 .078 14.6%
(D2) Blood Alcohol .019 .050 0.0%

Calculator
(D3) R-U- Buzzed .025 .048 2.8%
(D4) Sober App .037 .060 28.0%
iPhone
(11) BAC-Calculator -.007 .050 3.1%
(12) Blood Alcohol .009 .044 0.0%
Calculator

(13) Mr. DUI .010 .059 0.0%

(14) R-U-Buzzed .022 .048 5.3%
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Table 7

Blood Alcohol Concentration Estimation and Intensas a Function of Participation Trials

Correlation Intended |Intended Correlation
gBAC- |[gBAC between gBAC BAC - BAC —  between intended

Times n-size BAC -BAC| and BAC BAC BAC| BAC and BAC
1 10,225 -.0050 .0338 .553 .0126 .0437 413
2 1,511 -.0078 .0325 .589 .0106 .0414 457
3 441 -.0119 .0308 .658 .0051 .0365 551
4 146 -.0101 .0313 .637 .0047 .0345 .631
5 53 -.0087 .0230 831 .0146 .0389 .560
6 26 -.0139 .0336 .705 .0023 .0447 .360
7 12 -.0289 .0386 .624 -.0053 .0463 519
8 7 -.0074 .0318 .697 .0168 .0508 -.105
9 4 .0203  .0317 .646 .0565 .0565 1.000
10 2 -.0085 .0085 1.000 .0640 .0640 1.000
11 2 -.0025 .0055 1.000 .0100 .0100 1.000
12 2 -.0140 .0200 1.000 -.0110 .0170 1.000
13 1 -.1870 .1870 - -.1650 1650 -

14 1 -.0050 .0050 - -.0020 .0020 -

Total 12,432 -.0058 .0334 567 .0118 .0429 430

Note.Formulas with BAC only include non-sober (i.e., 84 0.00 mL/L) participants.



Table 8

Correlation Between BACs across Participation Tsialith Sample Size
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Timel Time2 Time3 Time4 Time5 Time6 Time7 Time8 méP Timel0 Timell Timel2
Timel 1
(1482)
Time 2 433" 1
(1440) (1489)
Time3 374 423** 1
(415) (423) (434)
Time4 457 617* 527 1
(134) (138) (137) (141)
Time5 T748* .662** .602** 716* 1
(49) (49) (49) (48) (51)
Time6 559%*  722**  B54**  5Q3*  5Q92** 1
(26) (26) (25) (25) (24) (26)
Time7 748**  775** 673* .694* .853* 841** 1
(12) (12) (11) (12) (12) 12) 12)
Time8 .170 .603 .532 .629 417 .816* .509 1
(7) (7) (7) (7) (7) (7) (7) (7)
Time9 .725 .961* .868 .640 732 .990*  .939 .880 1
(4) (4) (4) (4) (4) (4) (4) (4) (4)
Timel0 1.00** 1.00** 1.00** 1.00** 1.00** 1.00** 1.00** 1.00** 1.00** 1
2 2 2 2 2 2 2 2 2 2
Timell 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* 1.00** 1.00* 1
(2 (2 (2 (2 (2 (2 (2 (2 (2 (2 (2
Timel2 1.00** 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* 1.00** 1.00* 1.00~* 1
(2 (2 (2 (2) (2 (2 (2 (2) (2) (2 (2) (2)

Note*p<.0l p<.05
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Appendix B: Sobriety Test Scoring Sheet

Clues

2. ONE LEG STAND Test (seconds) 0-10 11-20 21-30

Sways while balancing

Uses arms for balance

Hops to maintain balance

Puts foot down

Cannot perform test (4 clues -- maximum)

Total One Leg Stand Clues

2 or more = 0.08

3. WaLk anp Turn Test O
Loses balance while listening to instructions

Starts before instructions are finished

Stops while walking
Does not touch heel to toe
Steps off the line

Raises arms for balance
Incorrect number of steps

Trouble with turn (explain)

Cannot perform the test (8 clues -- maximum)

Total Walk and Turn Clues
2 or more = 0.08

Counting Test: Not yfered ]

(ol skapped or fumbled numbars)

Clues

1s19

2nd 9

50 ] 4 7] ) e ] o3 ) ) e ] o ol o 5
3] 52 51 ) 5] o8 27 ) o 2 2 ) e ) )
Fe) 78] 1) 22 il 2 0l 1 ) (7 (&) (B (2 ) @ )

Completed sz nstricted [
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Appendix C: BAC-Estimation Phone Applications

(D1) AlcoDroid:

L CTREL

™ View, £dit
'!' Aid a Drink rh
Adid Shet Al Bhent
(E-EAR LY 150 oo, s,
Aok Reguiar Beer ki Wine
IR % 400 1N

(D2) Blood Alcohol Calculator:

EE®E 1o [

\-

=t

J

2 Beer (12 a2

1 ni!’?ﬂﬂlllﬂl

2 Blaody Mary

t 2 Spauwt [pint)

1 Beer (16 61)

e M 25T

R B 235 rm

5 40 punces |5.7%)

O

Add Drink
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&dd Drink
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] E. E i ol @ ==
Seberfipp 1

B vour location - United States.

Add Drink
Can | Drive

L
Bud Light

a Absolut

i

?

=

(D3) R-U-Buzzed:

(D4) Sober App:

Bud Light

Bud Light Lime
Drink More
Budweiser f Share It

= Find Taxi

Budweiser Select % Find Pub
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(11): BAC-Calculator:

S -
oo DARRRRH s

(12) Blood Alcohol Calculator:
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(13) Mr. DUI:

(14) R-U-Buzzed:



