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Abstract
Information technology represents an excellent medium to deliver contingencies of reinforcement
to change behavior. Recently, we have linked the Internet with a science-based, behavioral
treatment for cigarette smoking: abstinence reinforcement therapy. Under abstinence
reinforcement interventions, incentives are provided for objective evidence of abstinence. Several
studies suggest that the intervention is effective in initiating abstinence. The intervention addresses
limitations (access, cost, sustainability, dissemination potential) inherent in traditional abstinence
reinforcement delivery models. It can also be applied to vulnerable, at-risk populations, and to
other behavior to promote health. Information technologies offer unprecedented and rapidly
expanding opportunities to facilitate behavior change.
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Cigarette smoking is the largest preventable risk factor for morbidity and mortality in
developed countries. Smoking related diseases cost over $96 billion in medical expenses per
year and over $97 billion in loss of productivity (CDC, 2008). Although the United States
Public Health Service endorses various pharmacotherapies and counseling for smoking
cessation, the majority of patients relapse within six months, even when both treatments are
used together (Ahluwalia, Harris, Catley, Okuyemi, and Mayo; 2002; Eisenberg, Stitzer, and
Henningfield, 1999; Fiore, Smith, Jorenby, and Baker, 1994; Hurt, Offord, Johnston, Dale,
Khayrallah, Schroeder, et al., 1997). Several researchers have argued that innovative and
more intensive smoking cessation programs are necessary (e.g., Fagerstrom, Kunze,
Schoberberger, Breslau, Hughes, Hurt, et al., 1996; Stitzer, 1999). Over the past several
years, we have developed and tested an innovative and intensive intervention: Internet-based
abstinence reinforcement therapy. In this paper we will discuss the background and
development of the intervention, and we will highlight potential future directions to promote
smoking cessation and other health-related behavior.

Internet-based treatments for cigarette smoking
The Internet has emerged as a promising medium to deliver a range of treatments to promote
health, including smoking cessation (e.g., Cobb, Graham, Bock, Papandonatos, and Abrams,
2005; Etter, 2006; Mallen, Blalock, and Cinciripini, 2006; Stoddard, Delucchi, Muñoz,
Collins, Pérez, Augustson, and Lenert, 2005; Woodruff, Edwards, Conway, and Elliot
2007). Currently, over 212 million people report Internet use in the United States, which
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represents about 72% of the population (http://www.Internetworldstats.com/am/us.htm).
Worldwide, there are over 1.5 billion Internet users, and the growth rate in users since 2000
has exceeded 340%. Estimates suggest that there are anywhere between 3.6 to 10 million
active Internet searches per year for smoking cessation information in the United States
(Cobb and Graham, 2006; data not available in other countries). Internet-based interventions
can reduce or eliminate significant barriers to treatment. For example, they can they can
narrow the “access gap” to treatment, and provide education and social support in
asynchronous and synchronous formats (see McDaniel and Stratton, 2006 for a review).

A number of Internet based treatments for smoking cessation have been developed (e.g.,
Cobb et al., 2005; Etter, 2006; Mallen et al., 2006; Stoddard et al., 2005; Woodruff et al.,
2007). The design of these Internet treatments has varied from chat rooms, to tailored
feedback based on questionnaire answers, to behavioral strategies to cope with cravings. A
recent review of Internet-based smoking cessation treatments suggested that 9 out of the 19
(47%) interventions showed improvements in smoking cessation compared to control at
follow-up (Walters, Wright, and Shegog 2006). The magnitude of the difference in rates of
abstinence among Internet and control treatments ranged from 4 to 13%. However, even in
absolute terms, a rate of 13% could still result in a substantial quit rate. In an application to
International Business Machines (IBM) employees, Graham et al. (2007) argued that their
Internet-based program could result in about 2000 quitters in one year. This number assumes
a 13% success rate and about 16,000 potential smokers at IBM.

Although the studies cited above indicate the formidable reach and convenience of the
Internet, there may be ways to increase the efficacy of Internet-based treatment delivery.
One method would be to deliver a “high dose” behavioral treatment such as abstinence
reinforcement. Indeed, a large and growing number of studies indicate that contingent
reinforcement of smoking abstinence can exert powerful and precise control over smoking1

(Alessi, Badger, Higgins, 2004; Crowley, MacDonald, Zerbe, Petty, 1991; Dallery and
Glenn, 2005; Dallery, Glenn, and Raiff, 2007; Higgins, Heil, Solomon, Bernstein, Lussier,
Abel, Lynch, Badger, 2004; Lamb, Kirby, Morral, Galbicka, Iguchi, 2004; Rand, Stitzer,
Bigelow, Mead, 1989; Roll and Higgins, 2000; Roll, Higgins, Badger, 1996; Shoptaw,
Jarvik, Ling, Rawson, 1996; Shoptaw, Rotheram-Fuller, Yang, Frosch, Nahom, Jarvick,
Rawson, Ling., 2002; Stitzer and Bigelow, 1984, 1985; Tidey, O’Neill, and Higgins, 2002).
Under abstinence reinforcement procedures, it is necessary to obtain objective evidence of
smoking status. Such evidence provides the basis for reinforcement, which usually entails a
monetary voucher that can be exchanged for goods and services. In most studies, positive
consequences were contingent on specified reductions in breath carbon monoxide (CO). For
example, Corby, Roll, Ledgerwood and Schuster (2000) applied a brief, one-week
abstinence reinforcement intervention with adolescent smokers. In a within-subject reversal
design, money was made contingent on COs of less than 8 parts per million (ppm). Large
increases in the mean number of CO samples that were at or below 8 ppm were noted when
contingent monetary payments were introduced.

There is also emerging evidence that abstinence reinforcement may produce higher rates of
smoking reductions and abstinence than the nicotine patch (Glenn and Dallery, 2007; Tidey
et al., 2002; Wiseman, Williams, and McMillan, 2005). Wiseman et al. (2005) found that a
voucher-based reinforcement intervention alone produced greater decrements than a nicotine
patch (21 mg) in a two-week intervention study with cocaine-abusing outpatients. Relative
to placebo, the patch only produced small decreases in CO levels.

1When applied to smoking, the goal of such behavioral interventions is abstinence from smoking. It may be possible, however, to
apply contingency management to reduce the frequency and/or intensity of some target behavior (e.g., alcohol use). As such,
contingency management could be used as a harm reduction strategy (Kellogg & Kreek 2005).
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Intensive behavioral treatment may be particularly effective during the initial, critical weeks
of a quit attempt. Abstinence during the first two weeks of a quit attempt predicts long-term
treatment success (Garvey, Bliss, Hitchcock, Heinold, Rosner, 1992; Gourlay, Forbes,
Marriner, Pethica, McNeil, 1994; Kenford, Fiore, Jorenby, Smith, Wetter, Baker, 1994;
Yudkin, Jones, Lancaster, Fowler, 1996), and at least 75% of smokers relapse within 2–3
days following an initial unsupported quit attempt (Hughes, Gulliver, Fenwick, Valliere,
Cruser, Pepper, Shea, Solomon, Flynn, 1992). When smoking status during this key period
is manipulated experimentally, the long-term effects can still be predicted based on initial
outcomes (Heil, Alessi, Plebani, Badger, Higgins, 2004; Higgins, Heil, Dumeer, Thomas,
Solomon, Bernstein, 2006). Of course, Internet-based programs can be extended beyond
these initial weeks, but the evidence about the importance of initial success encourages use
of a combination of intensive monitoring and frequent reinforcement to help maximize
continuous smoking abstinence during the initial weeks of the cessation effort.

Potential obstacles in applying abstinence reinforcement
A significant obstacle in applying abstinence reinforcement therapy to smokers is measuring
CO on a daily basis for a sustained period. In several studies, COs were assessed for
approximately one to two weeks (e.g., Corby et al., 2000; Roll et al., 1996; Stitzer and
Bigelow, 1985; Tidey et al., 2002; cf. Alessi et al., 2004). Other studies have used rather
laborious methods, which were also limited in terms of the frequency and duration of
monitoring. For example, CO samples have been: (a) collected by research technicians who
made evening visits to each participant’s home seven days per week (Crowley et al., 1991),
(b) provided by adolescents who visited a clinic twice per day for one week (Corby et al.,
2000), (c) delivered twice per week to a clinic by participants (Rand et al., 1989), and (d)
delivered to a clinic by participants once per day (Lamb et al., 2004). Because breath CO has
a half-life of about 6–8 hours (Crowley et al., 1991; Middleton and Morice, 2000), samples
should be collected at least twice per day to accurately measure smoking status (Javors,
Hatch, Lamb, 2005). In one case CO samples were collected three times per day (Alessi et
al., 2004).

Although these methods have some limitations, using breath CO as a basis for reinforcement
also entails some advantages. Breath CO can be measured using a small, hand-held,
lightweight, battery powered monitor. The measurement procedure requires participants to
hold their breath for about 15 seconds, and then exhale into the mouthpiece. Thus, the
procedure is non-invasive, relatively inexpensive, and provides immediate feedback. The
monitor measures breath CO in parts per million based on the conversion of CO to a
catalytically active electrode. After inhalation, CO displaces oxygen in red blood cells and
forms carboxyhemoglobin (Middleton and Morice, 2000). It may remain in the blood for up
to 24 hours, and may vary with gender and physical activity (Middleton and Morice, 2000).
Schuh and Stitzer (1995) described the time course of changes in CO with abstinence. Ten
participants smoked ad lib for 15 minutes before the session. After smoking, their average
CO output was 30 ppm. After six hours of abstinence, their average CO was 13.8 ppm.
Thus, breath CO is an easy to use and sensitive measure of recent smoking.

Nevertheless, CO-based measurement procedures may be too burdensome and infrequent for
clinically practical and effective implementation of voucher reinforcement in an outpatient
setting. The staffing required to make home visits, even for a small sample of patients, could
become expensive and onerous. Although requiring patients to make visits to the clinic on a
daily basis may be more practical, the requirement represents a substantial response effort.
Such a response effort may limit the success of and access to the treatment. Also, because
most clinics are only open during workdays, such visits could occur only five days a week.
It would also be desirable if a potentially effective intervention could be available to
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smokers who live a considerable distance from a treatment provider, such as rural smokers
(Aloise-Young, Wayman and Edwards, 2002; Epstein, Botvin and Spoth, 2003).

There are several potential solutions to these problems. One possibility would be to use
abstinence reinforcement for a relatively brief period to initiate abstinence and then
transition to an alternative biomarker of nicotine: cotinine (e.g., Higgins et al., 2004).
Cotinine is a metabolite of nicotine that can be detected in urine or saliva and can provide a
highly specific and sensitive assay for smoking status (Ahijevych, Tyndale, Dhatt, Weed,
Browning, 2002; Hughes, Keely, Niaura, Ossip-Klein, Richmond, and Swan, 2003).
Currently, cotinine analysis is relatively expensive but it could be collected just once per
week to minimize costs (Ahijevych et al., 2002), which may have advantages in certain
settings. New low-cost urinary dipstick techniques may prove to be useful (Parker, Lasater,
Windsor, Wilkins, Upegui, Heimdal, 2002). One limitation of using cotinine is that, for
obvious reasons, it cannot be used to measure smoking status in conjunction with nicotine
replacement therapy (but see Jacob, Hatsukami, Severson, Hall, Yu, Benowitz, 2002 for
techniques to distinguish cotinine derived from nicotine in tobacco). Another possibility
would be to use remote, Internet-based technology to monitor smoking status (Dallery and
Glenn, 2005; Dallery et al., 2007; Glenn and Dallery, 2007).

Internet-based abstinence reinforcement to promote smoking cessation
In several studies, we verified smoking status by employing user-friendly Internet
technology to observe participants providing CO samples via a web camera. The results,
discussed below, indicate that the voucher program produced high rates of abstinence. We
were able to collect objective evidence of smoking status on a frequent and sustained basis.
After the system was in place, there was excellent compliance with a two sample per day
breath CO collection schedule. In one study, out of 1120 total samples scheduled in the
study, over 97% were provided (Dallery et al., 2007). Thus, the Internet-based system
obviated many of the logistical problems entailed by frequent CO monitoring. In addition,
our study website provided access to cessation techniques, an individualized home page for
each participant (which included a graph of the participant’s progress), and other cessation
resources.

Dallery et al. (2007) used a home-based computer system was used to verify breath CO
measurements. Twenty heavy smokers were loaned a laptop, web camera, and CO monitor.
Samples were collected twice per day, with a minimum inter-sample interval of 8 hr. Ten
CO samples were collected during the first baseline phase of the study (which lasted five
days). Next, during the four-day “shaping” phase participants were provided with a $3.00
voucher each time they met a progressively decreasing CO criterion. The specific CO
criteria were calculated based on the participants’ mean baseline CO, and on the requirement
that at the end of four days the criterion had to be a CO level of 7 ppm. Shaping could be a
crucial step in initiating abstinence (Lamb et al., 2004; Lamb, Morral, Galbicka, Kirby,
Iguchi, 2005), but this remains an empirical question.

The main treatment phase was called the abstinence induction phase. This phase lasted 10
days (20 samples). To earn a voucher, the participant had to provide a negative CO sample,
which was defined as a reading less than or equal to 7 ppm. The initial voucher value was
$3.00, and this amount was increased by $.25 if a negative CO sample was provided. A
$5.00 bonus voucher was earned for every third consecutive negative sample. The escalating
schedule of reinforcement and the reset contingency appear to be critical in the success of
voucher reinforcement procedures (e.g., Roll and Higgins, 2000; Roll et al., 1996), and such
schedules are considered the standard in applications of abstinence reinforcement. If a
participant’s CO level was positive, no voucher was earned for that session, and the voucher
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value was reset to $3.00. If the participant provided three consecutive negative CO samples,
the voucher value resumed at whatever the value had been when the reset occurred.

After the main treatment phase, for four days, only the fourth and eighth samples were
eligible for reinforcement (a $5.00 voucher). This was called the thinning phase. The last
condition was a second baseline phase, which was identical to the first baseline phase.
Participants could earn a total of $171.50 in vouchers during the study. As a point of
comparison, the rate of voucher earnings in the study just described was slightly lower than
other standard schedules that have produced high rates of drug abstinence (e.g., Higgins,
Budney, Bickel, Foerg, Donham, Badger, 1994; Roll and Higgins, 2000; Roll et al., 1996;
Silverman, Higgins, Brooner, Montoya, Cone, Schuster, Preston, 1996; Silverman, Wong,
Umbricht-Schneiter, Montoya, Schuster, Preston, 1998). For example, in most standard
schedules of voucher earnings for cocaine and heroin abstinence, a participant could earn
$1155.00 for 12 weeks of abstinence. In other words, the earnings rate was $288.75 every
three weeks for evidence of continued abstinence in these studies.

Figure 1 displays the percentage of CO samples that met criterion for abstinence. All
participants continued to smoke during baseline conditions. As can be seen, the number of
negative samples increased when the vouchers were introduced, and the abstinence
induction phase promoted high levels of abstinence. Over 65% of the 400 CO samples were
negative during treatment. It is interesting to note that smoking did not resume for ten
participants in the return-to-baseline phase – no vouchers were available during this phase.
Of course, a randomized, controlled study with follow up will be necessary to evaluate long
term effects of abstinence reinforcement. Overall, however, the study suggests that Internet-
based voucher programs can be highly effective in initiating smoking abstinence in a sample
of heavy smokers.

During the course of the study, we identified two ways to improve the system. First, we
observed that three participants self-reported smoking a few cigarettes and yet were still able
to meet the CO criterion of ≤ 7 ppm. To our knowledge our 7 ppm cutpoint was the lowest
CO cutpoint used to verify abstinence at the time. Research was published during data
collection indicating that lower CO thresholds may be necessary in contingency
management programs (Alessi et al., 2004; Javors et al., 2005). Second, we developed a
secure system so that participants could use their own computers. In the Dallery et al. (2007)
study, we administratively locked access to the laptop so participants could not alter the date
and time properties of the computer or video file. (Presumably, if participants had access to
these features, they could falsify a sample by creating and then saving a number of video
samples after a period of abstinence, and then send them to the clinic at the appointed
times).

Thus, in the next phase of the research, we lowered the CO criterion to ≤ 4 ppm. Also, rather
than locking and loaning laptops, we created a secure system by using a dedicated server.
Participants logged onto the server when they were ready to leave a sample. A simple
software application, housed on the server, generated a random string of numbers and
letters, and saved the date and time associated with each string. The string was also
displayed clearly on the participant’s computer screen (Figure 2 shows an example of a
screen shot). The string was shown in the video sample the participant created at the time of
the recording. We were able to easily compare the string in the video sample to the string
generated in the server database, as well as the date and time when the sample was sent to
the server. There was clear, visible evidence of who created each sample and when it was
created. These innovations were incorporated and evaluated in a small study that also sought
to decrease the cost associated with voucher reinforcement.
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Methods to decrease cost
The most common concern with abstinence reinforcement is cost (Kirby, Benishek, Leggett,
Dugosh, Kerwin, 2006). There are several funding strategies that could be employed to
offset costs (Amass and Kamien, 2004; Petry, Martin, Cooney, Kranzler, 2000; Petry,
Martin, Simcic, 2005; Silverman, Svikis, Robles, Stitzer, Bigelow, 2001), such as collecting
community donations (Amass and Kamien, 2004). Another possibility would be to use a
deposit contract model. Under such a model, participants earn back their monetary deposit
based on evidence of abstinence. Such a model might be particularly appealing from a
public health perspective, as another concern about abstinence reinforcement is that it
provides incentives only to those who engage in some problem behavior. In a deposit
contract model, participants pay a nominal amount for the opportunity to receive treatment,
just like they do for most health care.

There is a long history of using deposit contracting to motivate weight loss, drug and alcohol
reductions, and cigarette smoking cessation (Paxton, 1980, 1981, 1983; Winett, 1973). For
example, Winett (1973) assessed the effects of reimbursing a $55 deposit for smoking
reductions and then abstinence over a relatively brief period (two to four weeks). During a
two-week maintenance phase, 24 out of 25 participants (excluding three dropouts) initiated
and maintained smoking abstinence during the study. These participants recouped their
deposit contingent on self-reported reductions and abstinence, which were also compared to
reports by significant others. In contrast, only seven of seventeen in a non-contingent control
group maintained abstinence over the same period. After six months, 50% of the participants
in the contingent group reported not smoking, compared to 23.5% in the non-contingent
group. Although several studies have provided evidence of the feasibility and effectiveness
of using monetary deposits to promote cessation, the return of the deposits was typically
contingent upon self-reports of smoking abstinence (with corroborations from significant
others), rather than biochemical verification of abstinence.

In a small feasibility study, Dallery, Meredith and Glenn (2008) demonstrated that the
deposit contract method can be used with abstinence reinforcement. Eight smokers were
randomly assigned to a deposit contract ($50) or to a no-deposit group. Participants in the
deposit group could recoup their deposit or earn vouchers for smoking reductions and
abstinence (breath CO ≤ 4 ppm) during treatment phases. Treatment was delivered via the
Internet-based method, as described above. Sixty-five percent of the samples were negative
in the deposit group, while 63% of the samples were negative in the no-deposit group
(missing samples were considered positive). The total amount distributed in voucher
earnings in the deposit and no-deposit groups was $156.90 and $178.50, respectively.
However, because $200 was paid to researchers by participants in the deposit group, a
$43.10 surplus remained in this group. The surplus was used to supplement experimental
costs in the no-deposit group (e.g. vouchers). By assigning individuals to groups after the
informed consent process, we attempted to equate the groups in terms of willingness to
provide a deposit (and possibly in terms of motivation to quit and financial means).

It is rather striking that despite no clinically meaningful difference in abstinence rates
between groups, a small surplus remained in the deposit group after voucher distributions.
Thus, use of deposit contracts could result in a more sustainable intervention with
potentially substantial (depending on amount of the deposit and amount paid out in
abstinence reinforcement) cost-offsets. There are several practical issues that would have to
be addressed before a deposit contract method could be promoted to community providers.
For instance, it will be necessary to find a balance between the amount of the deposit,
treatment acceptability, and treatment effectiveness (Paxton, 1981, 1983). The most cost-
effective approach may require larger incentives (Sindelar, Elbel, and Petry, 2007). It would
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not be desirable, however, if the cost of the treatment unduly discouraged participation for
lower income smokers. One solution would be to use a sliding deposit scale, and
corresponding earnings rate, based on income. We should emphasize, however, that the $50
deposit used in the feasibility study was less than a typical smoker would pay for cigarettes
during the same period in the U.S. (i.e., approximately a three-week supply of cigarettes).

There may be sufficient demand for a deposit contract treatment model to support its
widespread use. There is evidence that smokers would pay for an effective treatment (Busch,
Falba, Duchovny, Jofre-Bonet, O'Malley, Sindelar, 2004). The authors assessed willingness
to pay for new, hypothetical treatment products. Most (84%) smokers reported that they
would pay $50 per week for a treatment yielding a “modestly” effective, 50% success rate.
The authors concluded that there would be a substantial market for more effective
treatments, which could include Internet-based voucher reinforcement therapy. Because an
Internet-based therapy has a potentially broad reach at a population level, this could
represent a significant addition to the available treatment array and an important public
health benefit, whether offered with or without a deposit contract feature. More work is
necessary to evaluate the acceptability and effectiveness of a deposit contract.

Methods to increase access
To further increase accessibility of the Internet-based intervention for smokers we recently
developed a user-friendly, secure, and encrypted website: Mōtiv8 (Dallery, 2008; Wong,
Martin, Dallery, Helmbrecht, Guenthner, Nuzzo, et al., 2008). Participants can login to the
website from any computer with Internet access. The participant’s homepage is accessed
over a secure, encrypted connection. It consists of a real-time graph of the participant's
sample results (showing cumulative smoking abstinence), their earnings history, a box
showing messages from the system administrator, a "Post Video" button, and a display
showing their previous sample's date/time and the earliest date/time at which they can
provide their next sample according to the intervention's required time interval between
samples (see panel A in Figure 3).

When the participant clicks the "Post Video" button the program directs them to the
bandwidth selector interface. The participant selects whether they are using a high-speed
connection (e.g., DSL, cable modem, or satellite), or a low-speed connection (e.g., dialup
over a phone line). Selecting the low-speed connection steps down the bandwidth
requirement for the video upload. The video post interface walks the participant through the
process of uploading a video sample and posting a result (see panel B in Figure 3). After the
video recording, the participant enters the numerical result indicated on the CO meter into a
text box. The result is fed into the automated voucher program where it is processed and the
appropriate voucher amount, graphs, and cumulative earnings are immediately updated.

Prior to the development of Mōtiv8, participants recorded a video, saved the file to their
computer, and then emailed the file to research assistants who verified the video and
provided feedback regarding voucher earnings. This approach required measures to ensure
the validity of the video file (e.g., initially loaning administratively locked laptops and later
developing a server that generated a random alphanumeric string). Although these measures
are relatively easy to implement, they would be relatively impractical for widespread
dissemination. Furthermore, the method imposed inevitable delays to feedback regarding
voucher earnings, ranging anywhere from a few hours to an entire day.

With Mōtiv8, not only is the video file saved directly to the server, making it virtually
impossible for the participant to tamper with the authenticity of the video, but the website
also provides immediate feedback regarding smoking status and voucher earnings. Indeed,
reinforcer immediacy is known to be an important factor in behavior change (Skinner,
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1938), and delay to voucher earnings has been shown to influence behavior in analog
contingency management interventions (Roll, Reilly, Johanson, 2000). Research personnel
are still required to view and verify the submitted videos, which is a simple process.
Voucher earnings can be adjusted if a discrepancy exists between the CO value in the video
and the value reported by the participant. This video-based method will remain, in all
likelihood, an integral feature of any such monitoring program. Simply put, there are no
remote methods to verify who is leaving a sample - clinicians must watch the procedure. It
should be possible to integrate the CO output directly into the Mōtiv8 software which would
obviate the need for user input.

Maintaining abstinence
Internet-based methods could be expanded to address another potential limitation of
abstinence reinforcement therapy: maintenance of treatment gains (see Sigmon, Lamb, and
Dallery, 2007 for a discussion). A number of participants will inevitably lapse or relapse
following the intervention. There are several ways to develop lapse responsive and relapse
prevention modifications to the intervention. For example, the study website represents a
convenient way to access therapeutic support, either through the use of counselors or peer
support. The website could incorporate additional features, such as access to message
boards, moderated chat groups, and other smoking resources. Once enrolled, access to these
features could be maintained indefinitely. Even the abstinence reinforcement component
could be offered if it were integrated with the deposit contract model. For example, lapsers
could make a deposit and recoup the deposit based on evidence of abstinence. This would
serve as a “commitment response” and provide salient motivation to help them re-establish
abstinence. Other methods to maintain abstinence could be considered as well, such as the
use intermittent schedules of reinforcement (e.g., Petry, Martin, Cooney, and Kranzler,
2000) and the use of pharmacotherapy.

Applications to special populations
Internet-based abstinence reinforcement can be applied to vulnerable and hard to reach
smokers. For example, reaching adolescent smokers has been a particularly challenging, yet
critically important, task for cessation programs. Most adult smokers begin smoking during
their adolescence (e.g., Chassin, Presson, Rose, and Sherman, 1996; Corby et al., 2000;
Jefferis, Graham, Manor, and Power, 2003). Reynolds and associates have applied Internet-
based abstinence reinforcement to a small group of adolescent smokers (Reynolds, Dallery,
Shroff, Patak, and Leraas; 2008). In several respects, the methods were similar to the study
described above (Dallery et al., 2007). It differed in three ways: three breath samples were
collected per day instead of two, the CO target criterion was ≤ 5ppm instead of ≤ 7ppm, and
cash instead of vouchers was used as the reinforcer (which was accumulated and delivered
weekly). Of the possible 360 total CO samples to be collected in the study, 350 were
actually obtained (97.2%). Relative to baseline periods, CO levels were substantially
reduced during treatment, and in some cases prolonged periods of abstinence were observed.
Given the relatively high rate of Internet and related technology use by adolescents,
delivering abstinence reinforcement through such media may be particularly appealing and
effective.

Another population that may benefit from a remote-based treatment is rural smokers. A
disproportionate number of smokers reside in rural areas, where smoking cessation
programs may be at considerable distance (Aloise-Young, Wayman, and Edwards, 2002;
Epstein, Botvin, and Spoth, 2003). In 2002, current smoking rates in this region were as high
as 40%, compared to 23.2% for the United States, and Kentucky has the highest lung cancer
mortality rate in the United States: 78.3 per 100,000. This rate is 35% higher than the rate of
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58 per 100,000 in the United States. Stoops and colleagues applied Internet-based abstinence
reinforcement to smokers in the rural Appalachian region of Kentucky (Stoops, Dallery,
Fields, Nuzzo, Schoenberg, Martin, et al., 2009). The retention rate was high, with 85% of
participants in this difficult to reach population completing the entire 6-week intervention.
Sixty-eight participants were randomly assigned to one of two groups. Those assigned to the
experimental group earned vouchers contingent on meeting breath CO cutpoints
(CO≤4ppm), and those assigned to the control group received an equivalent amount in
vouchers but independent, or non-contingent, of smoking status. Participants in the
experimental group submitted three times more negative samples, and were significantly
more likely to exhibit sustained periods of abstinence, compared to participants in the
control group. Overall, the results suggest that the Internet-based intervention has significant
promise with this special population.

Applications to other behavior
Internet-based methodologies can also be used to increase the accessibility and feasibility of
contingency management interventions for behavior other than smoking (Kosten, 2007;
Carroll and Rounsaville, 2007). For example, contingency management has been used to
reinforce adherence to prescription and non-prescription medication protocols, such as the
complicated HIV antiretroviral protocol (Rosen, Dieckhaus, McMahon, Valdes, Petry,
Cramer, Rounsaville, 2007; Sorenson, Haug, Delucchi, Gruber, Kletter, Batki, Tulskey,
Barnett, Hall, 2007) and nicotine replacement therapy for smoking cessation (Hanson, Allen,
Jensen, Hatsukami, 2003; Mooney, Babb, Jensen, Hatsukami, 2005). Furthermore,
contingency management has also been applied to behavior associated with promoting
general health, such as increasing engagement in exercise regimens (Epstein, McKenzie,
Valoski, Klein, Wing, 1994; Dapcich-Miura and Hovell, 1979), facilitating adherence with
prescribed diets (Epstein et al., 1994; Dapcich-Miura and Hovell, 1979), encouraging
behavior necessary to control diabetes (Duvinsky, Jacobs, Foy, 1987; Lowe and Lutzker,
1979), and establishing consistent monitoring of lung capacity by asthmatic children and
adolescents (Burkhart, Rayens, Oakley, Abshire, and Zhang, 2007). In many of the studies
mentioned, the contingencies were either applied to self-reports (Lowe and Lutzker, 1979;
Mooney et al., 2005), by-products of the behavior (e.g., chewed pieces of nicotine gum;
Mooney et al., 2005), or continuous monitoring via inpatient housing (Dapcich-Miura and
Hovell, 1979; Duvinsky, Jacobs, and Foy, 1987). In a few cases the contingencies were
applied to information collected on automated devices that the participant took home (e.g., a
pill container that tracked the date and time it was opened, Rosen et al., 2007, Sorenson et
al., 2007; an electronic peak flow meter, Burkhart et al., 2007). Although such automated
devices offer advantages over self-reports, concerns still exist regarding fidelity because the
person who used the device is not observed.

A simple extension of the interventions just described would involve participants creating a
video recording while using the automated device or while engaging in the target behavior.
For instance, rather than relying on an automated pill dispenser that tracks the date and time
that the container was opened, the participant could video record themselves taking the pill
at the assigned times. This would be an improvement over the automated pill dispenser; the
procedure would verify that the person of interest opened the container and consumed the
pill. Not only would incorporating Internet-based technologies increase the fidelity of
treatment, it might also increase accessibility and acceptability, as participants would not be
required to attend a clinic and would not have to maintain logs or rely on recall for self-
reports.

We recently extended the Internet-based monitoring system to improve adherence to blood
glucose monitoring recommendations with four teenagers (aged 12–17) diagnosed with
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Type 1 diabetes (Raiff and Dallery, under review). Blood glucose testing is a critical aspect
of effective diabetes management, providing the information necessary to adjust insulin
dose, diet and exercise (American Diabetes Association, 2008). Teenagers are supposed to
test their blood glucose at least 4–6 times per day (Silverstein et al., 2005). Prior to the
Internet-based contingency management intervention, participants in the study tested their
blood glucose an average of 1.7 times per day (range 0–4). During the intervention teens
could earn $1.00 for every video they submitted showing them test their blood glucose, or
showing stored glucose tests if Internet access was not available. Participants could only
earn money if they submitted at least 4 videos per day, and they could submit up to 8 videos
per day, as long as the tests were separated by at least one hour. During the intervention all
participants increased their frequency of testing to an average of 5.7 per day (range 4–8).
When the intervention was removed, testing decreased to an average of 3.1 tests per day
(range 2–5) suggesting some carry-over effects. This preliminary study shows the feasibility
and efficacy of extending Internet-based contingency management procedures to novel
populations and problems. More research will be necessary to initiate and maintain long-
term adherence to self-management regimens.

Ethical issues in Internet-based contingency management
The use of the Internet poses special ethical considerations regarding treatment accessibility
and bias, confidentiality of electronic information, obtaining informed consent, identity
verification, and risk assessment. Although Internet-based interventions can reduce the
“access gap” by making it available to special populations such as those living in rural
environments, it also limits the intervention to those who have Internet access in their
homes. This potential for bias of Internet access in the home could be addressed by
implementing the intervention in a workplace or other setting such as a library where the
Internet could be accessed (e.g., Graham et al., 2007). As Internet use increases, and as
Internet capabilities are integrated into cellular phone technology, we expect these inequities
will decrease. Also, in countries other than the United States, different inequities certainly
exist in Internet access, and these will have to be considered on a case-by-case basis. As in
all research studies, the potential for bias should be considered in terms of recruitment
procedures, study design, and data interpretation.

Another concern with Internet data collection is ensuring the confidentiality and security of
the electronic files. We have taken a number of precautions to ensure the confidentiality and
security of electronic information. In particular, electronic information never contained the
name of the participant – instead a study username was used and all electronic information
was identified by the username. The server was protected from outside intrusion by multiple
firewalls. Administrative access to the server only occurred using Secure Shell (SSH), a
secure, encrypted protocol for remotely connecting to a machine. Security was periodically
monitored using network mapping tools, like nmap which probe machines for vulnerabilities
and report the results to the system administrator. A software Port Scan Attack Detector
(PSAD) monitored the servers and notified administrators if they came under attack. An
Advanced Intrusion Detection Environment (AIDE) detected if any unauthorized changes
were made to the machine. Servers were also backed up nightly to external hard drives using
an encrypted file system. These precautions did not and would not guarantee security, and
researcher should enlist all tools to minimize the risks associated with a breach of data-
security, and participants should be informed about the potential risks of electronic data
collection.

Internet-based research may pose special problems for obtaining informed consent and
ensuring the identity and age of participants (Kraut et al., 2004). The studies described in
this review involved in-person consent, therefore verification of participants’ identity and
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age was obtained via driver’s license or comparable identification card. However, future
studies may be conducted entirely online and will require additional measures. A video-
based consent process could take place, using video conferencing sites such as Skype or
Google Chat, where participants can be given the opportunity to ask questions based on the
consent form before signing and faxing the form, as well as show their drivers licenses to the
camera for age and identity verification. In some cases it might be possible to waive the
written signature for informed consent. In this case, participants could provide informed
consent online by clicking a button agreeing to the terms of the study. It may be necessary to
take additional steps to ensure that participants understand the consent form, such as
including a brief quiz (Kraut et al., 2004).

Finally, risk assessment may be more difficult when experiments are conducted remotely
rather than in person (Kraut et al., 2004). If an adverse event related to the experiment
arises, researchers may not be aware of it because of limited contact between the researcher
and participant. Participants should receive clear instructions on how to contact research
staff if an adverse event should arise. Additional steps should be considered by researchers
to increase the likelihood that such information is obtained. For instance, participants could
be queried periodically about the occurrence of adverse events while they are in the study.

Using the Internet to conduct research and implement treatment interventions requires
special ethical considerations like those described in this section; however, the present
discussion is far from exhaustive. When conducting such research there may be additional
concerns specific to the study design that warrant consideration, and these issues and steps
to minimize risk should be discussed and approved by the researcher’s Institutional Review
Board or other regulatory agency.

Conclusion
The Internet provides unprecedented reach, convenience, and accessibility. Although
disparities still exist in access to Internet-based health care, there is some evidence that the
“access gap” can be reduced through Internet based methods (McDaniel and Stratton, 2006).
The developments discussed in this paper address the majority of limitations (cost,
dissemination, sustainability) inherent in traditional abstinence reinforcement interventions.
Other technologies could further increase accessibility to abstinence reinforcement
treatment, such as cellular phones or pocket PCs. Admittedly, much of the work described in
this paper is still in its infancy, and more research is necessary before we can evaluate the
cost effectiveness of the intervention. Nevertheless, technological innovations hold
considerable promise as a way to increase the accessibility and effectiveness of abstinence
reinforcement for smoking cessation and other health-related behavior.
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Figure 1.
Percent negative CO samples across all study conditions. Each point represents an average
value for each individual participant, and shaded bars represent condition means. Reprinted
from Drug and Alcohol Dependence, 86, Dallery, J., Glenn, I. M., and Raiff, B. R., An
Internet-based abstinence reinforcement treatment for cigarette smoking, pp. 230–238,
Copyright 2007, with permission from Elsevier.
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Figure 2.
Screenshot of what appeared when a participant logged onto the server. Each time a
participant logged in a randomly determined, unique alphanumeric code was displayed on
the screen. As verification, the server stored the time of the log in and the randomly
generated code to match that shown by the participant in the video.
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Figure 3.
The top panel (A) is an example of a participant homepage, displaying the CO quantitative
progress at the top, the voucher account balance, and the “Post Video” button. After a video
is posted, the button becomes deactivated until the minimum inter-sample interval was met.
The bottom panel (B) shows the video submission screen. Instructions for submitting videos
appear below the web cam image. Participants are required to input their final CO result in
the text box in order to earn a voucher.
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