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Abstract Drug addiction is a chronic, relapsing health prob-
lem that is associated with the degree to which individuals
choose small, immediate monetary outcomes over larger, de-
layed outcomes. This study was a secondary analysis explor-
ing the relation between financial choices and drug use in
opioid-dependent adults in a therapeutic workplace interven-
tion. Sixty-seven participants were randomly assigned to a
condition in which access to paid job training was contingent
upon naltrexone adherence (N = 35) or independent of nal-
trexone adherence (N = 32). Participants could earn approxi-
mately $10 per hour for 4 hours every weekday and could
exchange earnings for gift cards or bill payments each week-
day. Urine was collected and tested for opiates and cocaine
thrice weekly. Participants’ earning, spending, and drug use
were not related to measures of delay discounting obtained
prior to the intervention. When financial choices were catego-
rized based on drug use during the intervention, however,
those with less frequent drug use or frequent use of one drug
spent a smaller proportion of their daily earnings and main-
tained a higher daily balance than those who frequently tested
positive for both drugs (i.e., opiates and cocaine). Several
patterns described the relation between cumulative earning
and spending including no saving, periods of saving, and
sustained saving. One destructive effect of drug use may be
that it creates a perpetual zero-balance situation in the lives of

users, which in turn prevents them from gaining materials that
could help to break the cycle of addiction.

Keywords Delay discounting . Impulsivity . Money
management . Drug dependence

Drug addiction is a chronic health condition characterized by
persistent drug use in the face of undesirable physical, social,
or economic consequences. This impaired decision making is
reflected in other maladaptive choices like financial misman-
agement (Hamilton & Potenza, 2012). In one study, individ-
uals with substance dependence were twice as likely to carry
financial debt than individuals who did not have substance
dependence, despite similar incomes between groups
(Jenkins et al., 2008). Descriptive studies on drug use in
substance-dependent populations (Satel, Reuter, Hartley,
Rosenheck, & Mintz, 1997; Swartz, Hsieh, & Baumohl,
2003) reported that drug use was elevated when paychecks
or disability payments were scheduled and that financial gains
predicted noncompliance with standard drug-abuse treatment
(see Rosen, 2012, for a review).

Financial mismanagement and drug use involve choices
between rewards varying in quality, delay, and magnitude.
An individual might choose to spend a small amount of mon-
ey immediately rather than saving for a larger amount in the
future. Likewise, an individual might choose to use drugs
immediately rather than abstain to avoid health problems in
the future. Delay discounting is the extent to which individ-
uals forgo those large, delayed rewards for immediate, small
rewards (Rachlin & Green, 1972). Studies described a contin-
uum of elevated discounting (i.e., a tendency to choose the
smaller, immediate reward) to low discounting (i.e., a tenden-
cy to choose the larger, later reward); found similar
discounting across real, potentially real, and hypothetical
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rewards; and validated the discounting task across several
populations (see Bickel & Marsch, 2001, for a review).

Delay discounting differs as a function of drug use and
financial mismanagement (Carroll, Anker, Mach, Newman,
& Perry, 2010; Hamilton & Potenza, 2012). Drug abusing
populations have been shown to discount monetary outcomes
more than populations who do not abuse those drugs (Bickel,
Odum, & Madden, 1999; Kirby, Petry, & Bickel, 1999;
MacKillop et al., 2011; Madden, Petry, Badger, & Bickel,
1997) and risky drug-seeking behavior, such as a willingness
to share needles, is associated with elevated delay discounting
(Odum, Madden, Badger, & Bickel, 2000). Delay discounting
is associated with financial mismanagement, although the re-
lation is relatively underexplored in comparison to drug use.
In studies assessing delay discounting with large samples of
non-drug-dependent adults, those with elevated discounting
of monetary rewards were more likely to have credit card debt
and less likely to pay credit card bills in full than those with
lower discounting rates (Chabris, Laibson, Morris, Schuldt, &
Taubinsky, 2008; Meier & Sprenger, 2010).

A better understanding of the relation between drug use
and financial choices may inform the design of substance
abuse treatment. Tucker and colleagues (Tucker, Foushee, &
Black, 2008; Tucker, Roth, Vignolo, & Westfall, 2009;
Tucker, Vuchinich, Black, & Rippens, 2006; Tucker,
Vuchinich, & Rippens, 2002) found that financial choices
are a consistent predictor of treatment success. Specifically,
allocating a greater amount of money to savings relative to
alcohol expenditures predicted alcohol moderation at 1- and
2-year follow ups after participants made a resolution to mod-
erate their drinking (Tucker et al., 2002). In an intervention
targeting financial behavior (Rosen, Carroll, Stafanoivics, &
Rosenheck, 2009), veterans with recent alcohol or cocaine use
were randomly assigned to a money management intervention
or a control group. Those participants receiving the interven-
tion were invited to attend sessions with a money manager
who stored funds, trained appropriate financial choices, and
helped develop treatment goals to improve money manage-
ment and encourage abstinence. Participants in the control
group were given a workbook, were asked to construct a bud-
get and track expenses, and were invited to attend sessions
with a counselor to support the use of the workbook.
Participants receiving the intervention were more likely to
engage with counselors and complete money management
activities than control participants. Incidentally, participants
completing the money management intervention decreased
in addiction severity on self-reported measures but did not
differ from the control group in rates of cocaine and alcohol
abstinence. Black and Rosen (2011) used the same money
management intervention with psychiatric patients with histo-
ries of drug use and found that the intervention was associated
with decreases in delay discounting and drug use compared to
patients in a control condition.

Drug use and financial mismanagement are clearly interre-
lated, as demonstrated by the correlation between the two
variables (e.g., Jenkins et al., 2008), the relation of each var-
iable to delay discounting (e.g., Meier & Springer, 2010;
MacKillop et al., 2011), and the relation of each variable to
treatment outcomes (e.g., Black & Rosen, 2011). However,
studies have yet to investigate the relation between financial
choices and drug use within the same individuals over time.
Employment-based reinforcement interventions for drug ab-
stinence (e.g., Silverman et al., 2007) or treatment adherence
(e.g., Dunn et al., 2013) measure drug use over an extended
period and provide individuals with opportunities to earn
money for job-skills training and education. As such, they
offer an abundance of data on day-to-day financial choices
and drug use in drug-dependent adults.

In an employment-based treatment intervention called the
therapeutic workplace, participants receive financial incen-
tives based on performance in job-skills training programs or
work and objective evidence of drug abstinence or treatment
adherence (see Silverman, DeFulio, & Sigurdsson, 2012;
Silverman, Holtyn, & Morrison, 2016, for reviews). In one
study of the therapeutic workplace intervention (Dunn et al.,
2013), earnings were deposited in an electronic account, and
participants could exchange money in their accounts for gift
cards or bill payments each weekday. Gift cards and direct
payment to vendors were used instead of cash to reduce the
likelihood that earnings could be used to purchase drugs.
Saving money allowed participants to buy high-value items
or pay relatively large expenses. Thus, maintaining a high
average daily account balance may have indicated a pattern
of sound financial choices and were hypothesized to
positively correlate with abstinence outcomes. The present
secondary analysis was conducted to describe the relation
between financial choices and drug use in injection drug
users who participated in the Dunn et al. (2013) evaluation
of the therapeutic workplace. To accomplish this goal, the
study explored relations between participant characteristics,
delay discounting, and frequency of drug use; determined
whether drug use was related to financial choices as hypothe-
sized; and illustrated patterns of earning and spending.

Method

Setting and Participants

This study is a secondary analysis of data obtained during a
randomized trial of employment-based reinforcement of nal-
trexone adherence in opioid-dependent injection drug users in
a therapeutic workplace intervention (Dunn et al., 2013).
Participants were adults recruited from opiate detoxification
programs in Baltimore, Maryland, and through street out-
reach. Individuals were eligible for the clinical trial if they
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were between the ages of 18 and 65 years old, were unem-
ployed within the last 30 days, reported injection drug use
with visible evidence of track marks, provided a urine sample
that tested positive for opiates and cocaine, met diagnostic
criteria for opioid dependence, were medically approved by
the study physician, and lived in Baltimore City or the sur-
rounding area. Participants were mostly male, middle-aged,
and Black. The median self-reported income during the month
prior to study intake was $654.00 (interquartile range
$185.00–$1,240.00). Average grade levels in reading, spell-
ing, and arithmetic were between the sixth and ninth grades,
but a majority of participants reported having a high school
diploma or GED. Most participants reported injection to be
the primary route of heroin administration.

Procedure

Intake Interested volunteers completed intake procedures
consisting of surveys, interviews, and behavioral tasks.
Those assessments pertinent to the present analysis are listed
below.

Surveys and Interviews Several surveys and interviews were
used to assess psychosocial variables related to financial
choices and drug use. Participants completed the Addiction
Severity Index–Lite (McLellan et al., 1985), which provided
measures of self-reported substance abuse (e.g., number of
days of cocaine use in the past month and number of days of
heroin use in the past month), income, employment, and edu-
cation histories. The Composite International Diagnostic
Interview, Second Edition (Cottler, 1991) screened for psychi-
atric disorders such as substance abuse and dependence.
Participants completed the Wide Range Achievement Test,
Fourth Edition (WRAT-4; Wilkinson, 1993), which provided
grade levels in reading, spelling, and math skills. The Beck
Depression Inventory-II (BDI-II; Beck, Steer, & Brown,
1996) was administered to evaluate psychosocial functioning.

Delay Discounting During intake, participants completed a
delay discounting task on a desktop computer (see Johnson
& Bickel, 2002, for task details). The computer presented
repeated choices between gaining a relatively small amount
of money immediately, or gaining $1,000 after a delay. The
computer determined the level at which the subjective value of
the smaller-sooner reward was equal to the $1,000 reward
(i.e., indifference point) across seven delays: 1 day, 1 week,
1 month, 6 months, 1 year, 5 years, and 25 years. Participants
were presented with a series of questions using a single delay,
with an adjusting smaller, immediate amount. The computer
program adjusted the monetary value of the smaller, more
immediate option using a double-limit procedure employed
by Johnson and Bickel (2002). This procedure determined
an indifference point for each delay based on the reliability

of participants’ choices for the smaller, immediate option.
Indifference points were the proportion of the monetary value
of the immediate option to $1,000. Once the indifference point
was determined, then the computer moved on to the next
delay, progressing through all seven delays in an ascending
order.

Therapeutic Workplace This section describes the general
procedures of the 30-week therapeutic workplace interven-
tion, which can be found in more detail elsewhere (e.g.,
Dunn et al., 2013; Silverman et al., 2007).

Following intake, eligible participants were invited to attend
the therapeutic workplace for 4 hours per day, 5 days per
week. Upon arrival at the workplace on Mondays,
Wednesdays, and Fridays, urine samples were collected under
direct staff observation and tested for opiates and cocaine. At
the start of each workday, participants reported to an assigned
workroom and workstation. A therapeutic workplace staff
member swiped the participant’s ID card through a card read-
er, which clocked the participant in or out of the workroom.
Participants earned an average of $10 per hour ($8.00 per hour
in base pay and approximately $2.00 per hour in productivity
pay for engaging with and progressing through training pro-
grams) and earned a paid, 5-min break for every 55 min
worked. If participants requested money from their accounts,
payment was delivered in the form of gift cards or checks paid
to specific vendors (e.g., landlord, utility company) and was
available at the end of each workday.

Participants were inducted onto oral naltrexone prior to
randomization into the 26-week main study. In the main study,
participants were randomly assigned to two groups.
Participants randomly assigned to the prescription group (N
= 32) were provided with a supply of oral naltrexone every 30
days and could attend the workplace independent of naltrex-
one ingestion. Participants randomly assigned to the contin-
gency group (N = 35) were required to ingest naltrexone under
staff observation to continue attending the workplace and
maintain maximum pay.

Dependent Variables and Data Analysis Two dependent
measures were derived from delay discounting. First, area
under the curve (AUC) of the seven indifference points was
c a l cu l a t ed ac co rd i ng to Mye r son , G r een , and
Warusawitharana (2001). AUC values ranged from zero to
one, with values close to zero representing more discounting
(i.e., frequent choices for the small, immediate outcome) and
higher values representing less discounting. Second, the de-
gree of discounting was quantified using a hyperbolic equa-
tion (Bickel et al., 1999; Mazur, 1987):

V ¼ A=1þ kD ð1Þ
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where V is the subjective value (i.e., indifference point), A is
the amount of the delayed reward, k is an empirically derived
constant representing the degree of discounting as a function
of delay, and D is the delay to the larger reward. We log-
transformed k prior to parametric analyses due to its typical
positive skew.

Nonsystematic delay discounting data were screened and
removed from analyses using an algorithm established by
Johnson and Bickel (2008). Data were considered nonsystem-
atic if one or both of the following criteria from Johnson and
Bickel were met: (1) if any indifference point (starting with the
second delay) was greater than the preceding indifference
point by a magnitude greater than 20% of the larger later
reward (i.e., $200); (2) if the last (i.e., 25-yr) indifference point
was not less than the first (1 day) indifference point by at least
a magnitude equal to 10% of the larger later reward (i.e.,
$100). (p. 267)

Following data screening, 17 participants were found to have
nonsystematic delay discounting andAUCvalues were interpret-
able from a total of 50 participants (23 contingency, 27 prescrip-
tion). Equation 1 failed to account for variance in the distribution
of indifference points for seven other participants. The distribu-
tion of variance accounted for by Equation 1 (VAC) for the
remaining participants was skewed, with a median VAC of
0.90 (interquartile range 0.83–0.95). Values of kwere interpreted
for the 43 participants (19 contingency, 24 prescription) for
whom Equation 1 accounted for variance in indifference points.

The measures of earning, spending, and saving analyzed in
the present study were collected across the 4-week induction
period and the 26-week main study. The primary measures of
saving and spending were derived from participants’ daily
earnings in the therapeutic workplace and from the dollar val-
ue of gift cards or checks that participants requested each
weekday. Average daily balance (earnings – spending) was
used as a summary measure of reserved money. Percentage
of daily balance spent (average daily balance/average daily
spending × 100) normalized spending across participants
who earned various amounts of money. The amount of money
participants earned and spent was cumulated each day to ex-
amine patterns of spending across the study.

Thrice-weekly urine samples provided measures of drug
use during induction and following randomization. Urine
samples were considered positive for opiates or cocaine if
the urinary morphine or benzoylecgonine concentration, re-
spectively, exceeded 300 ng/ml or if the participant missed a
scheduled urinalysis (i.e., a missing-positive approach). Drug
abstinence was expressed as the percentage of urine samples
negative for a drug (negative samples/total possible samples ×
100) and was calculated separately for cocaine and opiates.
Overall percentage of negative urine samples was used to
categorize participants by relative frequency of drug use.
Infrequent users (N = 31) were those participants with more
than 50% of urine samples negative for cocaine and opiates.

On average, infrequent users had 82% (SE = 2.44%) and 85%
(SE = 2.27%) of samples negative for cocaine and opiates,
respectively. Frequent users of one drug (N = 16) were those
participants with more than 50% of samples negative for co-
caine or opiates and less than 50% of samples negative for the
other drug. On average, frequent users of one drug had 41%
(SE = 8.28%) and 51% (SE = 7.68%) of samples negative for
cocaine and opiates, respectively. Frequent users of two drugs
(N = 20) were those participants with less than 50% of samples
negative for cocaine and opiates. On average, frequent users
of two drugs had 19% (SE = 3.52%) and 24% (SE = 3.45%) of
samples negative for cocaine and opiates, respectively.

Another approach to calculating the frequency of drug use is
to disregard missing urinalysis data and calculate the percentage
of negative samples using the total samples participants provided
as the denominator (i.e., negative samples/total samples provided
× 100). When drug-frequency groups were based on this
missing-missing approach, the group sizes were more unequal,
and within-group variability was greater than when groups were
based on a missing-positive approach. On average, infrequent
users (N = 31) had 89% (SE = 2.63%) and 92% (SE = 2.23%)
of samples negative for cocaine and opiates, respectively.
Frequent users of one drug (N = 22) had a mean of 38% (SE =
7.33%) and 68% (SE = 7.25%) of samples negative for cocaine
and opiates, respectively. On average, frequent users of two drugs
(N = 7) had 19% (SE = 6.66%) and 18% (SE = 6.44%) of
samples negative for cocaine and opiates, respectively.

One criticism of the missing-positive approach is that it is
confounded with attendance, which may have affected spend-
ing and saving. A one-way analysis of variance (ANOVA)
with the total number of hours worked as the dependent var-
iable and frequency of drug use as the independent variable
confirmed that drug use categories differed on the basis of
workplace attendance when a missing-positive approach was
used, F(2, 64) = 6.24, p < .05, ηP

2 = 0.16. Tukey honest
significant difference (HSD) post hoc tests indicated that par-
ticipants with a relatively low frequency of drug use (M =
316.31 hours, SE = 22.38 hours) and frequent use of one drug
(M = 339.25 hours, SE = 31.15 hours) worked more hours
than those who used two drugs with high frequency (M =
208.21 hours, SE = 27.86 hours). The total number of hours
worked was entered into another ANOVAwith drug use fre-
quency determined by the missing-missing approach as the
independent variable; there was no significant difference in
attendance between groups, F(2, 64) = 0.55, p > .05, ηP

2 =
0.02. Infrequent users (M = 293.43 hours, SE = 21.91 hours),
frequent users of one drug (M = 270.03 hours, SE = 28.80
hours), and frequent users of two drugs (M = 329.53 hours, SE
= 51.05 hours) worked roughly the same number of hours
when a missing-missing approach was used.

The missing-missing approach assumes that urinalysis data
are missing completely at random and can lead to biases to-
ward negative urinalysis results; the missing-positive
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approach assumes that participants miss urinalysis because of
drug use, leading to biases toward positive urinalysis results
based on attendance (McPherson, Barbosa-Leiker, Burns,
Howell, & Roll, 2012). Although those biases may have been
confirmed in this sample, drug-use frequency group assign-
ment was relatively consistent across procedures. Fifty-two
participants (78% of sample) had the same drug-use frequency
category by the missing-missing and missing-positive ap-
proaches. Of the participants whose category switched, eight
were categorized as frequent users of one drug with the
missing-missing approach but were categorized as frequent
users of two drugs with the missing-positive approach; five
were categorized as infrequent users with the missing-missing
approach but were categorized as frequent users of two drugs
with the missing-positive approach; finally, two were catego-
rized as infrequent users with the missing-missing approach,
but were categorized as frequent users of one drug with the
missing-positive approach. In general the pattern of results
was similar across drug use frequency groups categorized
using the missing-positive and missing-missing approaches.
Therefore, the results are displayed graphically for the
missing-positive approach and described in text and graphed
for the missing-missing approach if the results of statistical
tests differed across approaches.

Results

Summary measures of earning and spending (i.e., average
daily balance and percentage of daily balance spent) and drug
use (i.e., percentage of drug-free urine samples) averaged
across the entire study are listed in Table 1. The only statisti-
cally significant difference between contingency and

prescription groups was in the percentage of negative opiate
samples calculated using a missing-positive (Mann Whitney
U = 278.50, p < .001) and missing-missing (MannWhitneyU
= 263.00, p < .001) approach. Thus, the remaining analyses
collapse across contingency and prescription groups.

One objective of the present study was to determine wheth-
er participant characteristics or behaviors were related to fi-
nancial choices. Average daily balance, percentage of daily
balance spent, and percentage of cocaine- and opiate-
negative samples were not statistically significantly related
to age, sex, years of education, income, self-reported drug
use on the ASI delivered at intake (i.e., the number of days
in the past month that the participant reported to use heroin or
cocaine), performance on the WRAT, or depression scores
obtained from the BDI. Delay discounting area under the
curve and log-transformed k values were negatively correlated
with each other (r = -0.86, p < .05) but were not statistically
significantly correlated with average daily balance, percentage
of daily balance spent, or percentage of drug-free samples.
There were no differences between participants with system-
atic (N = 50) and nonsystematic (N = 17) discounting results
(per Johnson & Bickel, 2008) on age, sex, education, WRAT
performance, income, BDI scores, average daily balance, per-
centage of daily balance spent, or self-reported and urinalysis-
determined drug use.

Although summary measures of delay discounting did not
relate to measures of earning, spending, and drug use, the
shape of discounting functions may have differed based on
participants’ financial choices and frequency of drug use. To
compare entire discounting functions based on those factors,
we divided participants into two groups based on median av-
erage daily balance (high and low balance) and two groups
based onmedian percentage of daily balance spent (savers and

Table 1 Summary measures of
earning, spending, drug use, and
delay discounting between
contingency and prescription
groups

Contingency Prescription Total Sample U test
(p)

Average daily balance (USD) 88.47
(38.05–195.35)

74.92
(53.36–112.15)

79.94
(45.25–140.60)

.49

Average daily spending (%) 32.40
(17.22–54.01)

42.17
(27.60–67.70)

38.19
(23.75–63.34)

.10

Cocaine-negative samples
(%M-P)

60.00
(24.44–93.33)

55.00
(18.33–18.55)

60.00
(21.11–87.78)

.63

Opiate-negative samples
(%M-P)

75.56
(55.56–94.44)*

45.56
(11.11–75.76)*

67.78
(31.11–90.00)

<.001

Cocaine-negative samples
(%M-M)

87.50
(33.80–100.00)

69.65
(31.22–100.00)

72.62
(33.80–53.57)

.79

Opiate-negative samples
(%M-M)

97.01
(87.50–100.00)*

56.91
(11.44–97.88)*

88.89
(53.57–100.00)

<.001

Delay discounting (AUC) 0.07 (0.05–0.21) 0.08 (0.05–0.31) 0.07 (0.05–0.27) 1.00

Delay discounting (k) 4.03 (0.48–23.75) 4.23(0.37–21.46) 4.03 (0.48–23.75) .82

Note. Medians (and interquartile range) are reported for each group and the total sample for all measures. Values of
p were obtained fromMannWhitneyU tests comparing measures between contingency and prescription groups;
significant differences are marked by asterisks. Percentage of cocaine and opiate-negative samples were calcu-
lated using missing-positive (M-P) and missing-missing (M-M) approaches
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spenders). To categorize discounting according to drug use,
we divided participants into three categories of drug use fre-
quency (infrequent, frequent use of one drug, and frequent use
of cocaine and opiates) based on results of cocaine and opiate
urinalysis tests. Figure 1 shows discounting functions, indif-
ference points as a function of delay to the larger outcome, for
the full sample, high and low daily balance, spenders and
savers, and by frequency of drug use. Delay discounting func-
tions were overlapping and not significantly different (p > .05)
for each measure of earning, spending, and drug use.

Similar measures of delay discounting were obtained re-
gardless of earning, saving, and drug use, but drug use and
saving were related. Figure 2 shows average daily balance and
percentage of daily balance spent as a function of drug use
frequency categories based on missing-positive (left) and
missing-missing (right) approaches. Average daily balance
was entered into anANOVAwith drug use frequency category
per the missing-positive approach as the factor. Average daily
balance differed across category, F(2, 64) = 3.24, p < .05, ηP

2

= 0.09. Because there were unequal variances in average daily
balance between groups (Levene’s test p = 0.046), Dunnett
post hoc tests were used and revealed that average daily bal-
ance was significantly higher for participants with a low fre-
quency of drug use (M = $189.57, SE = $34.20) than those
who used two drugs with high frequency (M = $50.69, SE =
$42.58). Participants who used one drug with high frequency
did not statistically significantly differ from the other groups
in average daily balance (M = $126.76, SE = $47.61).
Percentage of daily balance spent was entered into an

ANOVA with drug-use frequency category per the missing-
positive approach as the factor. Percentage of daily balance
spent differed across category, F(2, 64) = 3.44, p < .05, ηP

2 =
0.10. Tukey HSD post hoc tests indicated that participants
with a relatively low frequency of drug use spent a smaller
percentage of their daily balance (M = 35.18%, SE = 4.99%)
than those who used two drugs with high frequency (M =
55.67%, SE = 6.21%). Participants who used one drug with
high frequency did not statistically significantly differ from
the other groups in percentage of daily balance spent (M =
47.30%, SE = 6.94%). The ANOVA comparing average daily
balance and percentage of balance spent were repeated using
drug-use frequency groups based on a missing-missing ap-
proach. Results of the ANOVAs were not statistically signif-
icant (ps > .05), but Fig. 2 shows that the trends between
groups determined by the missing-missing approach (right)
were similar to the results based on the missing-positive ap-
proach (left).

Another objective of this study was to identify patterns of
earning and spending money in opioid-dependent adults.
Figures 3, 4 and 5 illustrate spending patterns for participants
with infrequent drug use, frequent use of one drug, and fre-
quent use of both drugs determined by a missing-positive
approach, respectively, up to the first $1000 earned in the
therapeutic workplace. Each graph in Figs. 3, 4 and 5 shows
cumulative spending plotted as a function of cumulative earn-
ing for a single participant. The solid line with a slope of one
represents the cumulative record if participants spent 100% of
their earnings. Figures are collapsed across contingency and
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Fig. 1 Median indifference
points are plotted as a function of
delay in years to larger, later
monetary gain for the total
sample; infrequent or frequent
users of one or two drugs;
participants with a relatively low
or high average daily balance; and
participants with relatively low or
high percentage of daily balance
spent. Dashed, dotted, and solid
curves are hyperbolic discounting
functions (Equation 1) fit to group
medians, where k is the degree of
discounting and VAC is variance
accounted for by Equation 1

278 Psychol Rec (2017) 67:273–283



prescription groups, but group assignment is coded (i.e., “C”
for contingency or a “P” for prescription) in participant num-
bers. The figures show spending patterns up to the first $1,000
earned in the therapeutic workplace because most participants
earned at least $1,000 and because there were contingencies to
spend earnings toward the end of the study (i.e., participants
were required to spend all their earnings within a short period
of time after the end of the study). On average, participants
earned their first $1,000 in 27.44 workdays (SE = 2.23 work-
days). An independent-samples t test found no significant dif-
ference between contingency and prescription group partici-
pants in the number of workdays to earn $1,000 (p > .05), and
the number of workdays to earn $1,000 was not significantly
correlated with average daily balance or percentage of balance
spent (ps > .05).

Visual inspection of graphs within Figs. 3, 4 and 5 was
used to identify patterns of spending money. Some partici-
pants (e.g., C14, C24, P17, P18) spent most of their money
as soon as they earned it; spending functions tracked the iden-
tity line. Some participants (e.g., C6, C34, P12, P19) alternat-
ed between spending and saving and have scalloped or step-
wise spending functions. Other participants (e.g., C8, C35, P2,
P7) saved most of their earnings and have nearly horizontal
spending functions. On average, participants spent 69.62% of
their first $1,000 earnings (range: 9.34%–96.38%).
Participants in the contingency group spent 70.64% of their
first $1,000 (SE = 0.61%), while those in the prescription

group spent 66.42% of their first $1000 (SE = 0.52%), a dif-
ference that was not statistically significant according to an
independent samples t test (p > .05). ANOVA revealed that
there were no statistically significant differences between in-
frequent drug users (M = 66.56%, SE = 3.07%), frequent users
of one drug (M = 74.18%, SE = 4.04%), and frequent users of
two drugs (M = 62.37%, SE = 7.16%) on the percentage of the
first $1,000 spent (ps > .05).

Discussion

This study measured earning, spending, and drug use in
opioid-dependent adults who participated in a therapeutic
workplace intervention for 30 weeks. Frequency of drug use
was related to participants’ financial choices to save or spend
their money. Namely, those participants who used opiates and
cocaine infrequently maintained a higher daily balance and
spent a relatively smaller percentage of their daily balance
than those participants who frequently used cocaine and opi-
ates. This result is consistent with prior studies demonstrating
that financial choices are related to substance abuse treatment
outcomes (Black & Rosen 2011; Tucker et al., 2002).

The results add to the literature on monetary choices in
drug users by identifying significant relations between daily
financial management and drug use and characterizing differ-
ent patterns of spending money within a population of drug
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users over time. Many participants’ cumulative spending had
clear scalloped or break-and-run patterns. Rather than ex-
changing all daily earnings for gift cards, many participants
saved money for larger gift cards or bill payments after a

delay. One participant, C35, spent only $136 of his first
$1864 (7%) and used his initial earnings to pay rent.
Incidentally, 88 out of 88 of C35’s urine samples were nega-
tive for cocaine and opiates. Not all participants were

Fig. 3 Cumulative spending as a
function of cumulative earning up
to the first $1,000 earned in the
workplace for participants with
infrequent drug use categorized as
greater than 50% of samples
negative for cocaine and opiates
following a missing-positive
approach. The solid identity line
represents zero savings

Fig. 4 Cumulative spending as a
function of cumulative earning up
to the first $1,000 earned in the
workplace for participants with
frequent use of one drug
categorized as greater than 50%
of samples negative for one drug
and less than 50% of samples
negative for the other drug
following a missing-positive
approach. The solid identity line
represents zero savings
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successful in maintaining abstinence and controlling spend-
ing. For example, P18 spent most of the money he earned and
only had 32 out of 72 samples negative for opiates and 20 out
of 72 samples negative for cocaine. There were also individual
differences in spending functions that were not related to par-
ticipants’ drug use frequency categories. Future research can
be conducted to quantify spending patterns and identify
whether those patterns relate to drug use or other measures
of impulsive choice. This analysis can be used to evaluate
interventions designed to improve financial choices in drug
users (e.g., Black & Rosen, 2011; Rosen et al., 2009). One
target of a money-management intervention might be to in-
crease breaks in cumulative spending functions.

The present study found no significant relations between
participant characteristics and measures of earning, spending,
and drug use. A particularly interesting result was that delay
discounting at intake did not predict daily earning, spending,
or drug use during the study. One reason for this null finding
was that only 75% of the sample (N = 50) had interpretable
discounting functions at intake, a relatively high percentage
when compared to a previous use of the screening procedure
(Johnson & Bickel, 2008) that may have decreased power to
detect differences in financial choices and drug use. However,
the 17 participants with nonsystematic discounting data did
not differ in participant characteristics, earning, spending, or
drug use, from those with interpretable discounting data.
Previous research (Heil, Johnson, Higgins, & Bickel, 2006)
found no differences in discounting functions in currently ab-
stinent and currently using cocaine-dependent participants but
found differences in discounting between those groups and
non-drug-using matched controls. Similarly, we found that
there were no differences in discounting based on other, the-
oretically related behavior within our relatively homogenous
group of opioid-dependent participants. Future research can

be conducted with matched non-opioid-dependent controls,
staff-delivered discounting assessments, or real monetary re-
wards to determine if those factors lead to discounting func-
tions that predict financial choices and drug use during the
intervention.

One avenue for future research is to determine the appro-
priate approach in calculating drug-use frequency. The present
study used missing-positive and missing-missing approaches
and found similar patterns in earning and spending regardless
of approach. However, statistically significant differences in
average daily balance and percentage of daily balance spent
based on drug use frequency were observed when a missing-
positive approach was used but were not observed using a
missing-missing approach. One reason for this difference
was that group sizes were more unequal when a missing-miss-
ing, rather than a missing-positive, approach was used.
Conducting the same analysis on a larger sample could in-
crease the power to detect differences between groups, if dif-
ferences exist. Another reason that the two approaches yielded
different results is that the missing-positive approach is con-
founded with retention. Some participants may have been cat-
egorized as frequent users of two drugs because they did not
consistently attend the workplace and provide urine samples.
A missing-positive approach would be appropriate if those
participants did not show up to the workplace because they
were using drugs. However, a missing-missing approach
would be more appropriate if those participants did not show
up to the workplace for other reasons (e.g., obtaining employ-
ment in the community, financial windfall, other illness).
Studies that use urinalysis results as a measure of drug use
could collect information on why participants did not provide
samples. Unfortunately, it is difficult to gain that information
if participants who do not provide samples also avoid com-
municating with research staff. Nonetheless, it is critical to

Fig. 5 Cumulative spending as a
function of cumulative earning up
to the first $1,000 earned in the
workplace for participants with
frequent use of two drug
categorized as less than 50% of
samples negative for cocaine and
opiates following a missing-
positive approach. The solid
identity line represents zero
savings
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determine whether and when missing-positive and missing-
missing analyses are more appropriate to avoid erroneous con-
clusions about the effectiveness of an intervention.

A limitation of the present study is that it did not directly
manipulate independent variables to identify functional rela-
tions between earning, spending, and drug use. Because ef-
fects were correlational, the possibility that drug use leads to
increased spending, high spending causes drug use, or that a
third variable like trait impulsivity determines financial and
drug-related choices cannot be ruled out. Participants in the
present study had long histories of unemployment and were
living in poverty. Immediate spending in this population may
have been a function of necessary expenses rather than “im-
pulsive” financial choices. Participants also reported a low
monthly income (median $654.00, interquartile range
$185.00–$1240.00), which limited a thorough evaluation of
financial pressure. As such, income was not related to average
daily balance or percentage of balance spent. Future research
can determine whether environmental pressures like low in-
come and debt predict financial choices. Future clinical re-
search can also help isolate these mechanisms through behav-
ioral or pharmacological interventions targeting money man-
agement, drug abstinence, and impulsive behavior generally.
Nevertheless, one destructive effect of drug use may be that it
creates a perpetual zero-balance situation in the lives of users,
which in turn prevents them from gaining materials that could
help to break the cycle of addiction.
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