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Abstract

Aims: The timeline followback (TLFB) is a retrospective self-report task that has been used suc-
cessfully to measure prior alcohol consumption. The current study reanalyzed data from a recent
successful demonstration of a remote contingency management trial for reducing alcohol
consumption.

Methods: We first compared the accuracy of the TLFB and past-day self-reports to a biochemically
verified measure of recent alcohol use (i.e., breathalyzer). We then compared the correspondence
between the two self-report measures over two phases of the parent study: a phase immediately
prior to and a phase including the treatment component.

Results: Our findings indicated that past-day self-reports displayed significantly higher accuracy with
breathalyzer measures as compared to TLFB. In addition, we found only the experimental group, after
reducing consumption, reported lower alcohol use on the TLFB prior to the treatment compared to
their past-day self-reports and to the control group.

Conclusions: Our findings suggest daily monitoring techniques are more accurate than the TLFB
for measuring alcohol consumption and when possible should be preferred over the TLFB. If the
TLFB is the only viable method of measuring alcohol consumption, in order to maximize accuracy
researchers and clinicians should obtain responses prior to the start of a procedure aimed at redu-
cing alcohol consumption.

The Timeline Followback (TLFB) (Sobell and Sobell, 1992; Del Boca
and Darkes, 2003) is one of several self-report tasks used to measure
alcohol consumption, and is characterized by a retrospective daily self-
report of alcohol use quantity for a period of time (often 30 days) pre-
ceding the assessment day. In the TLFB, respondents are usually pro-
vided with a calendar and are prompted to recall memorable events
that occurred during the past duration of time. Respondents are then
prompted to remember as best as they can the number of drinks they
consumed each day. Alternative self-report measures that rely on
shorter durations of recall have also been used to measure alcohol
consumption. For example, Interactive Voice Response systems
(Perrine et al., 1995; Corkrey and Parkinson, 2002; Tucker et al.,
2012) and Ecological Momentary Assessments (Collins ez al., 2003;

Shiffman et al., 2008; Shiffman, 2009) including physical or electronic
diaries have been used to measure daily alcohol consumption.
Interactive Voice Response systems are typically automated systems
that call or text individuals daily and those individuals indicate how
many drinks they have consumed that day by selecting numbers on
the keypad. Similarly, Ecological Momentary Assessments tradition-
ally measure whether and to what degree the individual is drinking at
the very moment they are prompted. Completing physical and elec-
tronic diaries usually requires the individual to report the number of
drinks consumed at the end of the day or have individuals report the
day after. Nonetheless, measurement systems that reduce the duration
of recall are typically preferred over more lengthy periods of recall.
Therefore, an important difference between the TLFB and other
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measures of retrospective self-reports is the proximity in time between
engaging in the behavior and when the behavior is reported.

Previous studies comparing TLFB to daily self-reports have gener-
ally found good to excellent correspondence (Toll et al., 2006; Tucker
et al., 2007; Simpson et al., 2011) with correlation coefficients ran-
ging from 0.51 (Perrine et al., 1995) to 0.97 (Carney et al., 1998).
However, several studies have found recall on the TLFB tends to
underestimate alcohol consumption overall, especially compared to
daily monitoring techniques such as with Interactive Voice Response
systems (Searles et al., 2002; Toll et al., 2006). In addition, several
studies have compared biochemically verified measures of recent alco-
hol use to self-report measures (Sobell et al., 1979; O’Farrell and
Maisto, 1987; Perrine et al., 1995; Whitford et al., 2009). Overall,
findings from these studies have concluded that when no drinking has
occurred, biochemically verified measures tend to correspond well
with self-report measures; however, when drinking has occurred self-
reports tend to be less valid and under-report drinking. Almost unani-
mously, this research has suggested that biochemically verified mea-
sures should be used in addition to self-report instruments. Although
research comparing correspondence between the two types of mea-
sures has been conducted among individuals in inpatient/outpatient
treatment programs (Sobell ez al., 1979; Whitford et al., 2009) or
volunteers from the community (Perrine et al., 1995), we are not
aware of any research comparing breathalyzer outcomes to self-
report measures within a contingency management procedure.

Although reliability and validity of the TLFB, as with other self-
report tasks, tend to be adequate to high (Sobell et al., 1988; Sobell
and Sobell, 1992), several factors may influence the accuracy of self-
reports (Del Boca and Darkes, 2003; Vinson et al., 2003). These fac-
tors include social context factors (e.g. assessment settings, cultural
norms), respondent characteristics (e.g. dependence severity, recovery
stage) and task attributes (e.g. mode of administration). Uncovering
the potential factors that contribute to the accuracy of self-report mea-
sures is an important avenue of inquiry, especially for measurement of
alcohol consumption. Notwithstanding the importance of accurate
measurement devices in scientific research, how is one able to deter-
mine the efficacy of a treatment program aimed to reduce alcohol con-
sumption if the factors influencing accuracy are unknown? One factor
that may impact TLFB accuracy is a change in alcohol use patterns
during the time covered by the TLFB, such as that coinciding with a
successful treatment episode. However, we are not aware of any
research that has examined the accuracy of the TLFB when the win-
dow of recall coincides with changes in typical drinking patterns.

We recently demonstrated the feasibility of a remote monitoring sys-
tem for implementing contingency management (Koffarnus et al.,
2018). Briefly, contingency management procedures provide incentives
(e.g. money, points) contingent upon certain objectively defined behav-
ioral measures, such as verified abstinence from a substance (Higgins
and Silverman, 1999; Petry et al., 2000; Prendergast et al., 2006;
Barnett et al., 2011). Contingency management procedures have been
shown to be highly efficacious in behavior change studies, including
substance use (Prendergast ef al., 2006) and medication adherence
(Schmitz et al., 1998; Carroll et al., 2001). In our recent study
(Koffarnus et al., 2018), heavy-drinking (two heavy-drinking days dur-
ing the Monitoring Only phase [see below]; >4/5 drinks per day for
females and males, respectively), treatment-seeking participants with
alcohol use disorder were assigned to either a Contingent or
Noncontingent group and submitted daily breath alcohol samples using
a breathalyzer. The onset of the study began with a 7-day Monitoring
Only period where participants reported the number of alcoholic drinks
consumed during the past day (past-day self-reports); both groups

received incentives for reporting, but incentive amount was not contin-
gent on negative breath samples during this period. A 21-day
Treatment phase followed the monitoring phase. During this phase, par-
ticipants in the Contingent group received daily incentives for verified
abstinence and those in the Noncontingent group received the same dai-
ly incentive amounts (the amount was yoked to a previous Contingent
participant), but not contingent upon verified abstinence. Following this
treatment phase, participants returned to the laboratory and completed
an experimenter-led 30-day TLFB (Sobell and Sobell, 1992), which cap-
tured drinking recall during both of the previous phases.

Results of this parent study demonstrated the procedure was
highly efficacious with 85% abstinence rates in the Contingent group,
compared to only 38% in the Noncontingent group during the treat-
ment phase and adherence to daily reporting was high, with rates
exceeding 95%. Although drinks per day did not differ across the
groups prior to study onset, inspection of daily self-reports and recall
on the TLFB suggested potential discrepancies between the two groups.
That is, participants in the Contingent group appeared to recall fewer
drinks per day on the TLFB compared to their daily self-reports, but
only for the one of the study phases, whereas the Noncontingent group
displayed relatively consistent correspondence across both phases of the
study. As mentioned earlier, several factors can influence the accuracy
of self-reports of alcohol use and understanding the myriad variables is
vitally important in both research and treatment settings as any inter-
vention aimed at changing drinking patterns needs to reflect actual—
not perceived—changes in drinking. In addition, using biochemical
measures of recent alcohol use is not always possible, leading research-
ers to rely on the TLFB or similar self-report measures.

The parent study discussed above is well-suited to compare the
accuracy of two different self-report measures (TLFB, past-day self-
reports) to biochemically obtained measures of recent alcohol use
(breathalyzers). As a secondary analysis of the parent study, the pre-
sent report investigated the accuracy of retrospective recall on the
TLFB compared to daily self-reports, as well as how these reports
coincided with daily breathalyzer samples. We compared these vari-
ables across treatment group and phase of the parent study. We did
not have a priori hypotheses about these analyses.

METHODS

Participants

Treatment-seeking adults with alcohol use disorder participated in
the parent study (Koffarnus et al., 2018). Of the 40 participants
who met randomization criteria in the parent study, all 40 com-
pleted the parent study (i.e. no attrition during the Treatment
phase). Of those 40, 39 were used in the analyses presented here. A
total of 20 and 19 participants’ data from the Contingent and
Noncontingent groups, respectively, were included. One participant
from the Noncontingent group did not complete the relevant TLFB
assessment and was therefore not included.

Procedure

The parent study consisted of two phases: a 7-day Monitoring Only
phase and a 21-day Treatment phase. Participants also completed
three in-lab assessment sessions including one prior to the Monitoring
Only phase, one immediately following the Treatment phase, and one
occurring 1-month following the Treatment phase. Among other mea-
sures obtained during each of these in-lab assessment sessions, partici-
pants completed an experimenter-led TLFB for the past 30 days
reporting the number of drinks consumed each day. TLFB



260

Alcohol and Alcoholism, 2019, Vol. 54, No. 3

instructions suggested that participants recall drinks starting with the
most recent day and proceed backwards, but participants could jump
around the 30-day period if they desired. For the purposes of this
paper, we reanalyzed results from the second assessment session. We
encourage readers to consult the parent study for full details.

During both phases, all participants provided daily self-reports of
previous-day drinking (i.e. past-day self-reports). Participants were
prompted via text message to report the number of drinks they con-
sumed the previous day and received a phone-call prompt if drinks were
not reported by early evening. Fewer than 1% of past-day self-report
opportunities were missed by participants in either group. Previous-day,
as opposed to current-day, drinking was chosen as to reduce the variabil-
ity between reporting time and drinking patterns throughout the day.

Data analysis

We first examined the correspondence between the self-report measures
of drinking (past-day self-reports, TLFB) and breathalyzer results.
Because the Monitoring Only phase did not include breathalyzer assess-
ments, we compared these measures during the 3-week Treatment
phase. For every participant and for each day, a 0 was assigned if either
no drinking was self-reported or if all three breathalyzer samples were
negative. In cases where any drinking was either reported or detected
by the breathalyzer, a 1 was assigned. Missing reports or samples were
analyzed both as missing (i.e. modeled as missing data) or as positive
(i.e. interpolated with a value of 1). To determine the correspondence
between measures, each day was recorded as a ‘hit’ (i.e. both self-report
measure and breathalyzer were positive), a ‘correct rejection’ (i.e. both
self-report measure and breathalyzer were negative), a ‘miss’ (i.e. self-
report measure was negative and breathalyzer was positive), or a “false
alarm’ (i.e. self-report measure was positive and breathalyzer was nega-
tive). Overall accuracy was calculated as a percentage by summing the
number of hits and correct rejections and dividing by the total number
of hits, correct rejections, misses and false alarms. Overall accuracy was
left-skewed and not amenable to normalizing transformations.
Therefore, we first calculated the difference in accuracy between the
two measures and compared the Contingent and Noncontingent
groups using a Mann—Whitney U test. Given the two groups did not
differ with respect to accuracy, we collapsed the two groups and com-
pared whether past-day self-reports were relatively more accurate com-
pared to the TLFB using a Wilcoxon Signed-Rank test.

The number of drinks consumed each day as reported from the
past-day self-reports was compared to the number of drinks
reported on the TLFB. We analyzed the correspondence between
reports by matching the drinking days across the two tasks and for
each day we subtracted the number of drinks reported on the past-
day self-reports from the TLFB. We then compared how this

Table 1. Participant demographics

correspondence (difference in the number of drinks reported) dif-
fered across the Monitoring Only and Treatment phases. Data were
analyzed in R Statistical Software Version 3.5.1 (R Core Team,
2018) wusing the geepack package (Halekoh et al, 2006).
Generalized estimating equation (GEE) was specified with an autore-
gressive(1) correlation structure to account for the intra-subject cor-
relations across days (repeated measures; Liang and Zeger, 1986).
GEEs are preferred over other repeated-measures analyses (e.g.
ANOVA) because they can be fitted with specified correlation struc-
tures (e.g. AR(1)) and are relatively robust against model misspecifi-
cation. GEE was chosen over a linear mixed-effects model because
we were not interested in explicitly modeling correspondence across
each day, but were interested in accounting for the intra-subject cor-
relations across days. Unstandardized beta weights and sandwiched
standard errors are reported. Using estimated marginal means
(emmeans package; Lenth ef al., 2018), we examined main effects
and interaction of group (Contingent vs. Noncontingent) and phase
(Monitoring Only vs. Treatment) on the difference in drinks
reported (i.e. drinks on the TLFB — drinks on the daily diaries). We
also examined correspondence between the two measures using
Spearman rank order correlations (p). Effects were considered sig-
nificant at the a = 0.05 level.

RESULTS

Participant demographics

Table 1 displays participants’ baseline demographic variables. No
differences were observed for any of the variables between the two
groups.

Correspondence between self-report and breathalyzer
measures

Missing—missing analyses

We observed no group differences (Contingent vs. Noncontingent)
with respect to differential accuracy of the self-report and breath-
alyzer measures (W = 172.5, P = 0.628). After collapsing across
groups, correspondence between past-day self-reports was signifi-
cantly more accurate than TLFB self-reports when compared to con-
temporaneous breathalyzer measures (V = 337, P < 0.001).
Specifically, for the contingent group the median accuracy was
92.2% (M = 69.5%, SD = 35.8%) and 70.7% (M = 65.1%, SD =
34.8%) for the past-day self-reports and TLFB, respectively. For the
Noncontingent group, the median accuracy was 83.3% (M =
74.0%, SD = 29.4%) and 71.4% (M = 67.7%, SD = 29.5%) for
the past-day self-reports and TLFB, respectively.

Group (n) Contingent (20) Noncontingent (19)

Demographic variable Mean (SD)/n (%) P-value
Age (years) 46.55 (12.53) 45.32 (11.83) 0.75
Monthly Income ($USD) 2789.55 (2260.41) 2688.42 (2400.68) 0.89
Education (years) 14. 50 (2.54) 14. 58 (2.19) 0.92
Sex (Male) 3 (65.0) 4(73.7) 0.81
Race (White) 6 (80.0) 8 (94.7) 0.37
Ethnicity (non-Hispanic) 0 (100.0) 9 (100.0) -
Drinks per day 6. 48 (2.77) 6. 25 (4.25) 0.84
Heavy drinking (years) 21.10 (9.98) 20.62 (10.85) 0.89
Collection rate 97% (4%) 96% (4%) 0.40
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Missing-positive analyses

When missing values were imputed as positive signals in the signal
detection analyses, results were largely similar. We observed no
group differences with respect to differential accuracy of the self-
report and breathalyzer measures (W = 170, P = 0.60). We did
observe that accuracy of past-day self-reports were greater than that
of the TLFB (V = 390, P = 0.002). Specifically, for the Contingent
group the median accuracy was 87.5% (M = 68.9%, SD = 34.5%)
and 69% (M = 64.8%, SD = 33.5%) on the past-day self-reports
and TLFB, respectively. For the Noncontingent group, the median
accuracy was 80% (M = 73.9%, SD = 29.4%) and 71.4% (M =
67.4%, SD = 29.7%) on the past-day self-reports and TLFB,
respectively.

Correspondence between self-report measures across
phases

Figure 1 displays the number of drinks consumed per day as
reported on the past-day self-reports compared to the TLFB during
the two phases. During the Treatment phase, both groups consist-
ently recalled their number of drinks consumed each day
(Contingent p = 0.80; Noncontingent p = 0.76), despite the large
difference in mean drinks per day between the groups (Koffarnus
et al., 2018); the Contingent group reported a mean of 1.87 (SD =
2.86) and 1.75 (SD = 2.96) drinks per day on the past-day self-
reports and TLFB, respectively, whereas the Noncontingent group
reported a mean of 5.88 (SD = 4.94) and 5.08 (SD = 4.61) drinks
per day on the past-day self-reports and TLFB, respectively.
However, during the Monitoring Only phase, participants in the
Contingent group displayed poorer accuracy due to reliably report-
ing fewer drinks per day on the TLFB as compared to their daily
reports (p = 0.47). The Noncontingent group tended to have better
consistency in their reporting across the two self-report measures

during this Monitoring Only phase (p = 0.68). Here, we also note
that consistent with many contingency management applications,
the Noncontingent group displayed greater variability in the number
of drinks reported regardless of self-report method during the
Treatment phase.

Results of the GEE suggested a significant interaction between
group and phase on the difference in drinks reported between the
TLFB and past-day self-reports (Fig. 2; b = 2.45, SE = 0.78, ;* =
9.82, P = 0.002). During the Monitoring Only phase, the
Contingent group reported significantly fewer drinks per day on the
TLFB as compared to the past-day self-reports by a mean of 2.39
(SE = 0.64) drinks per day compared to the Noncontingent group,
who underreported drinks per day by a mean of only 0.43 (SE =
0.39). This difference (—1.96, SE = 0.72) was statistically significant
(z =2.71, P = 0.007). Additionally, the Contingent group reported
significantly fewer drinks on the TLFB compared to the past-day
self-reports during the Monitoring Only phase (M = 2.39; SE =
0.64) compared to the Treatment phase, when they reported fewer
drinks by a mean of 0.10 drinks per day (SE = 0.15). This difference
(=2.29, SE = 0.70) was also statistically significant (z = 3.29, P =
0.001).

DISCUSSION

Self-report measures have typically been shown to be valid and reli-
able in terms of measuring alcohol consumption. Here, we demon-
strated two findings. First, we observed greater correspondence
between the past-day self-reports and breathalyzer measures com-
pared to the TLFB during the Treatment phase, regardless of
whether participants were in the Contingent or Noncontingent
group. To our knowledge, this is the first study to directly compare
breathalyzer results to two self-report variants among individuals
in a contingency management procedure. Second, participants who
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Fig. 1 Reported number of alcoholic drinks consumed per day during the monitoring only and treatment phases. The top panel displays participants in the con-
tingent group, whereas the bottom panel displays participants in the noncontingent group. White circles indicate past-day self-reports and black circles indi-
cate timeline followback (TLFB), with associated standard errors. Participants in the contingent group systematically reported fewer drinks consumed each
day on the TLFB compared to past-day self-reports, but only during the monitoring only phase.
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Fig. 2 Differences in the reported number of alcohol drinks consumed
between the timeline followback (TLFB) and past-day self-reports across the
monitoring only and treatment phases. Black squares indicate participants
in the noncontingent Group, whereas white squares indicate participants in
the contingent group. Error bars indicate standard errors. Participants in the
contingent group significantly underreported the average number of drinks
consumed each day during the monitoring only phase.

were provided incentives contingent upon abstinence from alcohol
(Contingent group) consistently recalled drinking fewer drinks dur-
ing the initial phase (Monitoring Only) of the study prior to the
incentive intervention compared to those who were assigned to a
Noncontingent group. Apart from this significant interaction,
TLFB reports were moderately congruent with daily self-report
measures, with weaker correlations observed during the
Monitoring Only phase (i.e. more remote) compared to the
Treatment phase (i.e. more recent), a finding consistent with the lit-
erature (Searles et al., 2000; Vinson et al., 2003; c.f. Searles et al.,
2002).

Another finding consistent with the literature is that participants,
regardless of group assignment or condition, displayed a slight trend
towards reporting fewer drinks on the TLFB as compared to the
past-day self-reports (Searles e al., 2002; Toll et al., 2006). Our
interpretations of the slight underreporting are consistent with those
raised by Searles et al. (2002). Specifically, concealment of their
drinking patterns is an unlikely explanation because all participants
were aware that they were providing daily reports and breathalyzer
samples. In addition, the relatively small trend to under-report on
the TLFB may be a function of participants reporting daily drinking,
and as such they were more aware of their daily drinking quantities
resulting in greater correspondence between the two measures than
what might be expected in a clinical setting. Overall, the moderate
to strong correlations observed, albeit with some caveats discussed
below, suggest the TLFB is an adequate self-report measure to be
used within a contingency management procedure.

As mentioned previously, participants in the Contingent group
systematically underreported their alcohol use during the
Monitoring Only phase prior to any intervention, demonstrating
that accuracy of retrospective recall on the TLFB may be influenced
by changes in alcohol consumption patterns in the preceding 30

days. Social contextual factors and task variables are unlikely to

explain the significant interaction we observed here. One possible
explanation for the discrepancy in recall is that participants in the
Contingent group could have been not paying attention when com-
pleting the TLFB, misremembering when their drinking patterns
changed. Remembering this shift in drinking patterns may have
been especially difficult if participants were completing the TLFB by
generalizing their typical or current pattern of drinking instead of
attempting to remember drink quantity each individual day. The
TLFB was administered by a trained research assistant who
prompted participants to identify significant events that may have
affected drinking patterns, reducing the likelihood that participants
were inattentive to changes in drinking pattern. However, specific
prompts catered to that participant (i.e. ‘remember that you began
the intervention phase of this experiment on X date’) were not pro-
vided. Another contributor to these effects may be due to a memory
bias or memory heuristic. Research has shown that present beliefs
or behavior patterns can influence recall of past behavior, especially
when memory of that past behavior is imprecise (Ross, 1989;
Hammersley, 1994; Stone et al., 2000). This pattern has been shown
to include at least some addiction-related memories, with smokers
who quit and subsequently relapse underestimating their previous
dedication to quitting (Shiffman er al., 1997). To our knowledge,
this type of memory bias has not previously been assessed regarding
drug use quantity preceding a successful quit attempt. Future
research should more directly examine the mechanisms underlying
this bias to retrospectively report fewer drinks per day after quitting.

The current findings may be especially relevant for researchers or
clinicians who need to maximize the accuracy of measuring alcohol
consumption via self-reports, especially when daily monitoring is
not an option. First, our results show that daily self-reports should
be used when possible, as these were significantly more accurate
than the TLFB when compared with a biochemically verified meas-
ure of recent alcohol consumption (i.e. breathalyzer). Second, if dai-
ly monitoring techniques are not possible, then in the context of a
study that is expected to capture changes in drinking patterns, our
findings suggest that retrospective recall (e.g. TLFB) be conducted
prior to expected changes in drinking. After a successful cessation
attempt or other change in drinking, individuals may not be able to
accurately recall their drinking patterns prior to the change in drink-
ing patterns.

Limitations and future directions

Several limitations of the current study should be noted. First, this
study was not designed to assess the validity of the TLFB and we
did not obtain TLFB responses immediately prior to the start of
treatment. Second, because our relatively modest sample size (n =
39) limits robust generalizations, future research should replicate the
current findings among a broader sample of participants, perhaps
with additional measures to explore the possibility of memory biases
or heuristics affecting retrospective recall. Relatedly, the parent
study recruited heavy-drinking, treatment-seeking individuals with
alcohol use disorder. Future studies would benefit from recruiting
drinkers who do not display alcohol use disorder and/or are not
seeking treatment.

In summary, correspondence between TLFB and past-day self-
report measures support the general utility of the TLFB as a method
of obtaining retrospective measures of alcohol use, although the
TLFB may not be a reliable indicator of alcohol use prior to a sub-
stantial change in use patterns, such as that coinciding with a success-
ful treatment episode. When possible, daily monitoring techniques
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should be used as our results suggest high correspondence between
daily reporting and a biochemically based measure (i.e. breathalyzer).
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