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1 | INTRODUCTION

The Timeline Followback (TLFB) is a thoroughly validated research
tool that was developed in 1996 by Sobell et al in order to assess
alcohol consumption patterns over discreet time frames (Sobell,
Cunningham, & Sobell, 1996). Traditionally, this assessment is in

Abstract

Objectives: The Timeline Followback (TLFB) was originally developed to assess al-
cohol consumption patterns (American Journal of Public Health, 86, 1996, 966) and
has been increasingly modified for Web-based use. Additionally, new modes of sub-
stance use administration have emerged, creating a need for an adaptable TLFB tool
than can capture data such as cannabis product potency or prescription drug use.
Our goal was to validate an online TLFB that reliably assesses a wide range of sub-
stances in greater detail.

Methods: Using a within-subjects counterbalanced design, daily substance use data
were collected from 50 college students over a 14-day retrospective period using
both the traditional in-person TLFB and online TLFB (O-TLFB).

Results: All substance use variables, including detailed measures of cannabis metrics,
correlated significantly (r's ranged from .653 to .944, p < .001) between TLFB ver-
sions. Further, results demonstrated that both the online TLFB and in-person TLFB
demonstrated concurrent validity with both the Alcohol Use Disorders ldentification
Test (AUDIT) and Marijuana Dependence Scale (MDS).

Conclusion: Overall, the data suggest that this new O-TLFB demonstrates strong reli-
ability and delivers a versatile and secure tool for substance use assessment that is
relevant to a variety of biomedical and psychological research contexts.
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the form of a structured in-person interview with a research pro-
fessional. It utilizes a blank calendar in which the participant popu-
lates with events unique to their life over a particular period of time
(e.g., 14 days). This retrospective tool acts as a visual trigger for re-
flecting on use patterns, frequency, and quantity for particular sub-
stances (e.g., alcohol or tobacco; Beck, Steer, Ball, & Ranieri, 1996;
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Brown et al., 1998; Pedersen, Grow, Duncan, Neighbors, & Larimer,
2012). Since its development, the TLFB has proven to be a reliable
tool among comparable and validated assessments in assessing sub-
stance use frequency and quantity patterns (Carey, 2002) in differ-
ent research contexts (Harris, Golbeck, et al., 2009; Hoeppner, Stout,
Jackson, & Barnett, 2010; Robinson, Sobell, Sobell, & Leo, 2014) and
in diverse populations including adolescents (Phan et al., 2011), older
adults (Aalto, Alho, Halme, & Seppa, 2011), parents (Magee et al.,
2014), and psychiatric and medical patients (Carey, Carey, Maisto, &
Henson, 2004; Ouimette, Read, Wade, & Tirone, 2010).

As technology continues to advance, the TLFB is increasingly
modified for use as a Web-based assessment (Pedersen et al., 2012;
Rueger, Trela, Palmeri, & King, 2012; Wilks et al., 2018). There are
numerous benefits to this format, including increased accessibility
for participants, which potentially supports retention in longitudinal
designs, alleviating the burden of participant travel to research of-
fices and allowing participants to complete follow-up assessments
from any geographic location (Rueger et al., 2012). Online assess-
ments also reduce data collection time and are thought to yield
more accurate data on substance use because of their anonymity
(Fatseas, Serre, Swendsen, & Auriacombe, 2018; McNeely et al.,
2014; Pedersen et al., 2012).

Increasing the versatility of the TLFB beyond the assessment of al-
cohol and cigarette use could make it a more desirable tool in future
research (Carey et al., 2004; Fals-Stewart, O'Farrell, Freitas, McFarlin,
& Rutigliano, 2000; Norberg, Mackenzie, & Copeland, 2012; Panza,
Weinstock, Ash, & Pescatello, 2012; Rizzo et al., 2017; Robinson et al.,
2014; Weinstock, Whelan, & Meyers, 2004). For example, cannabis is
increasingly available and administered through a variety of methods
(e.g., flower, concentrates, edibles, or tinctures), and cannabis legaliza-
tion has led to increasingly diverse and more potent forms of cannabis
(Vergaraetal., 2017) with direct implications for cannabis-related public
health outcomes (Bidwell, YorkWilliams, Mueller, Bryan, & Hutchison,
2018). Higher proportions of tetrahydrocannabinol (THC) have been
associated with greater harm (Volkow, Baler, Compton, & Weiss, 2014),
whereas higher levels of cannabidiol (CBD) may be associated with
mitigating harm (Bidwell et al., 2018), and exposure to these different
cannabinoids and their varying potencies may be hard to characterize
through the use of common quantity and frequency measures (Prince,
Conner, & Pearson, 2018).

Existing online TLFB assessments have some limitations. First,
the user interfaces may not follow the most up-to-date best prac-
tice guidelines in Web-based accessibility (Caldwell, Cooper, Loretta
Guarino Reid, & Chisholm, 2006), potentially compromising the in-
tegrity of data collected by self-report (e.g., a participant may make
an erroneous entry into a suboptimal interface due to sight impair-
ments). Second, few existing tools measure multiple substances
such as diverse forms of cannabis, prescription medications, or illicit
drugs (Staines, Magura, Foote, Deluca, & Kosanke, 2008). Finally,
there is unrealized potential for a Web-based TLFB user interface
to be synchronized with widely used data capture tools such as
Research Electronic Data Capture (REDCap; Harris, Taylor, et al.,

2009), eliminating the need for secondary data entry by research

staff and increasing the security of the health-related data by utiliz-
ing flow automation strategies increasingly practiced in the biomed-
ical and behavioral sciences (Dunn, Cobb, Levey, & Gutman, 2016;
Yamamoto, Ota, Akiya, & Shintani, 2017). As such, the goal of this
study was to determine the validity of a new online TLFB (O-TLFB)
that is (a) optimized for usability, (b) measures diverse substance use
in greater detail, and (c) is synchronized with REDCap in comparison
with the interviewer-administered (i.e., in-person) version by exam-
ining correlations and mean differences between the two modalities.
We further sought to test the concurrent validity of the O-TLFB with

other existing standardized measures of alcohol and marijuana use.

2 | METHODS
2.1 | Participants and study criteria

Study participants were students attending the University of Colorado
Boulder and were drawn from the introductory psychology class
credit subject pool. Students have the option to either write a research
paper or participate in research studies for course credit. For those
who opt to be a research participant, the online subject pool system
displays available studies for which the students are eligible and allows
interested students to schedule their participation with a researcher at
the student's convenience. Interested participants were deemed eligi-
ble to participate if they met the following inclusion criteria: (a) aged
18-25; (b) students at the University of Colorado Boulder enrolled in
an introductory psychology class credit subject pool; and (c) endorsed
using both alcohol and cannabis within 7 days of the phone screen-
ing. All procedures were reviewed and approved by the institutional
review board for the protection of human subjects in research.

2.2 | Study design

First, this validation study compared frequency measures of substance
use between two modalities of the TLFB: the in-person interview and
our online, self-administered version using a within-subjects design.
Substance use data were collected over a 14-day retrospective period
from each study participant with each TLFB modality, with order of
presentation counterbalanced across participants. Second, in order to
assess concurrent validity of the online TLFB data and previously vali-
dated measures of substance use severity, participants also completed
the Alcohol Use Disorders Identification Test (AUDIT) and Marijuana
Dependence Scale (MDS), both described in detail below. Participants
were informed that they were participating in a study that sought “to
learn more about substance use among young adults using different
forms of assessments,” but were not informed that a portion of the two
assessments would be identical in content, or of the aim of validating
the O-TLFB, in an effort to minimize expectancy effects. As in simi-
lar validation studies, all eligible participants subsequently completed
both the in-person and online TLFB modalities within a 3-day window

and were randomly assigned to complete either the online version first
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or the in-person version first. Research assistants leading the study
were trained by established researchers in the administration of all

measures with the supervision of a licensed clinical psychologist.

2.3 | Measures

2.3.1 | Alcohol Use Disorders Identification Test

The AUDIT is a clinical screening instrument developed by the
World Health Organization (WHO) to assess categories of risk from
problematic drinking to indication of clinical dependence (Babor,
Higgins-Biddle, Saunders, & Monteiro, 2001). The AUDIT is com-
prised of 10 questions addressing alcohol frequency and depend-
ency, as well as problems caused by alcohol consumption, ultimately
distinguishing light drinkers from heavy drinkers (Babor et al., 2001).
Since its development, the AUDIT has been a clinically oriented as-
sessment of the severity of alcohol use patterns in many different
populations, including college students (DeMartini & Carey, 2012).
The format of the AUDIT does not instruct respondents to reflect
on a specific retrospective period of time for five of ten items, while
the remaining items instruct respondents to reflect on the previous
year. In the current study, the AUDIT was utilized to assess con-
current validity by observing whether the severity of alcohol use
reported on the AUDIT corresponded to usage patterns observed
with the in-person and online TLFBs. The AUDIT was administered

by a research team member at the in-person assessment.

2.3.2 | Marijuana Dependence Scale

The MDS is an 11-item self-report assessment of dependence se-
verity (Stephens, Roffman, & Curtin, 2000). The MDS is widely
utilized in studies that assess marijuana dependency in a variety of
populations such as adolescents and adults, proving to be a relia-
ble measure (Callahan, Caldwell Hooper, Thayer, Magnan, & Bryan,
2013; Hendershot, Magnan, & Bryan, 2011; Lozano, Stephens, &
Roffman, 2006). In this study, the MDS was utilized to assess con-
current validity by observing whether the severity of marijuana
dependence reported on the MDS corresponded to usage pat-
terns observed with the in-person and online TLFBs. For the MDS,
participants were asked to reflect on the previous 14 days of use.
The MDS and AUDIT were both administered to participants with
the assistance of research assistants and preceding the in-person
TLFB interview.

2.3.3 | In-person Timeline Followback and online
Timeline Followback

The O-TLFB was developed to capture substance use data while being
optimized for Web accessibility that would replicate the benefits of

an in-person structured interview as closely as possible. The approach
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that was taken to development of the tool and the technical details of
development are described elsewhere (Martin-Willett et al., 2019) The
current O-TLFB can be found at http://cuchangeotifb.org.

Participants completed an O-TLFB that queried their use of alcohol,
nicotine/tobacco, cannabis, prescription drugs, and illicit drugs over a
14-day retrospective time frame. The 14-day time frame was selected
because the study teams in our center routinely use a 14-day in-person
TLFB in the context of existing and future protocols. Importantly, how-
ever, previous research has demonstrated that correlations between
14- and 30-day TLFBs were high (Fiellin, McGinnis, Maisto, Justice, &
Bryant, 2013) and that shorter recall windows may be more accurate
for assessments involving fine-grained detail (Hoeppner et al., 2010). It
should also be noted that the online tool was flexibly designed to allow
for data collection for any number of retrospective days, for example,
10, 14, 30, and 60 days.

First, the participant utilized an interactive calendar to add
marker dates for events that would serve as recall aids (e.g., travel
or a recent celebration) day-by-day for the previous 14 days. They
were then prompted to endorse whether they had consumed
any substances falling within the broad categories of nicotine/
tobacco, alcohol, cannabis, prescription medications, and illicit
drugs for each day (an exhaustive list of the substances queried
in the context of the O-TLFB interface can be viewed in Appendix
S1). Finally, participants were asked to provide granular details in
terms of the route of administration, potency, and form of their
substance use for every broad category that was endorsed for
each day. For example, if a participant endorsed using “nicotine/
tobacco” on a given day, they then had the opportunity not just to
report cigarette smoking, but also e-cigarettes, chew/dip, cigars,
hookah, or other forms of nicotine or tobacco use and then pro-
vide corresponding quantity information (see Figure 1 for a visual-
ization of the O-TLFB interface).

The in-person TLFB was the final assessment completed during
the in-person visit following demographics, the MDS, and AUDIT,
and queried the exact same substance use content as the O-TLFB.
Consistent with recommendations and standard practice for ad-
ministering the in-person TLFB, the study visit was conducted in a
private room and the interviewer utilized a paper retrospective cal-
endar and paper entry forms. Consistent with the O-TLFB and prior
to reporting on their substance use, participants were asked to indi-
cate marker dates on the paper calendar which they utilized to assist

with recall for substance use on particular days.

2.4 | Data analysis

To assess the reliability of the O-TLFB, the team employed correlational
analyses and paired sample t tests to examine the associations be-
tween responses to the in-person versus the online TLFB. Consistent
with prior work validating substance use consumption assessments
(Pedersen et al., 2012; Rueger et al., 2012), primary measures con-
sisted of days that cannabis, alcohol, nicotine/tobacco, illicit drugs, and

prescription drugs were used over the prior 14 days. In order to assess
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FIGURE 1 Visualization of the online Timeline Followback interface

the validity of our detailed quantity and frequency measures, second-
ary measures consisted of days of use across the distinct forms of can-
nabis (e.g., smoked flower, edible, and concentrated cannabis), as well
as amount (and potency where relevant) of specific forms of cannabis,
alcohol, and nicotine/tobacco consumed per occasion. Concurrent va-
lidity was assessed by comparing the alcohol and marijuana use pat-
terns on the online and in-person TLFB assessments to the total scores
from the AUDIT and MDS. This analytical approach has precedent in
previous validation studies of online TLFB assessments (Rueger et al.,
2012). Additionally, ancillary measures such as the THC and CBD po-
tency of the different forms of cannabis and the use of marker dates
during the O-TLFB were evaluated post hoc to further characterize
cannabis use and substance use reporting. Paired sample t tests were
used to examine the associations between responses to the in-person
versus the online TLFB for these outlined ancillary measures to further
assess the reliability of the O-TLFB.

Sample size was selected to permit analysis of the primary re-
search questions at two-tailed a of .05 and power level of .80. Prior
studies have reported correlations among online and in-person TLFB
assessments that range from r = .85-.93 for alcohol and marijuana use
variables (Pedersen et al., 2012; Rueger et al., 2012). In addition, mean
differences in the range of small to medium effects (d = 0.28-0.30)
have been found between online TLFB and in-person TLFB reporting

(Pedersen et al., 2012). Based on these effect sizes, we used G*Power
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a priori to estimate a minimum of 45 individuals completing both the
online and in-person versions would be required to detect a differ-
ence in a medium effect size between the two versions. Using a ran-
domization table developed with the use of an online randomization
tool (researchrandomizer.org), participants were block-randomized
by gender into Groups A (the in-person TLFB was administered be-
fore the online version) and B (the online version was administered
before in the in-person version), in an effort to address order effects.
Consistent with the literature concerning multiple comparisons in the
context of exploratory studies, we did not adjust our alpha level for
multiple comparisons (Althouse, 2016; Feise, 2002; Perneger, 1998;
Rothman, 1990). Correcting for multiple comparisons in the context
of mean comparisons, in particular, would exacerbate the probability
of type Il errors, causing us to erroneously determine that there was
no mean difference between the two methods.

3 | RESULTS

The validation study was completed between February 2018 and
June 2018 among undergraduate students in Boulder, CO. One
hundred thirteen students participated in an eligibility screening
phone call. The final sample consisted of 50 students (n = 50; see

Figure 2 for study recruitment flow). The demographics of the sample
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are described in Table 1. Substance use habits among participants
were diverse and included alcohol, cannabis, nicotine/tobacco, illicit
drug, prescription drugs, and combinations thereof. Means and stand-
ard deviations for reported frequency and quantity of substance use
over the last 14 days for the online TLFB and in-person TLFB are dis-
played in Table 2. Forty-nine of 50 participants reported use of can-
nabis, and 48 participants reported use of alcohol. Because the use of
nicotine or tobacco was reported relatively infrequently (n = 25), the
use of any form of nicotine or tobacco (e.g., cigarettes, e-cigarettes,
chew/dip, cigars, and hookah) was collapsed into a single category of
nicotine/tobacco use. The same was true of prescription (n = 7) and
illicit drug use (n = 8). There were no significant differences (p = .403)
in age between the group that completed the in-person TLFB first
(M =19.1 years, n = 20) and the group that completed the O-TLFB first
(M = 19.4 years, n = 28). Two participants declined to disclose their
age. Table 2 provides the means and standard deviations as well as the
results of the correlation and t test analyses comparing the two TLFB

modalities for all primary and secondary measures.

3.1 | Primary measures

All primary measures, which consisted of days that cannabis,
alcohol, nicotine/tobacco, illicit drugs, or prescription drugs
were used, were highly correlated between the TLFB modalities
(r=.902-.653, p < .001, d = 0.3-0.33). Reported number of days
of use using a 95% confidence interval did not differ significantly
between TLFB forms (p > .05) except for days of nicotine/tobacco
use (t(49) = 2.359, p = .022), where participants reported more
days of use in person (M =4.36,SD = 5.23) than during the O-TLFB
(M =23.46,SD =5.12).
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3.2 | Secondary measures

All secondary measures, which consisted of days of use across the
distinct forms of cannabis (e.g., flower, concentrates, and edibles),
as well as the amount of specific forms of cannabis, alcohol, and
nicotine/tobacco consumed per occasion, also correlated highly
between TLFB modalities (r = .944-.780, p < .001, d = 0.04-0.34).
Reported number of days and amounts of substances used largely did
not differ significantly between TLFB forms (p > .05) except for the
total number of alcoholic drinks consumed (t(47) = 2.349, p = .023)
where participants endorsed consuming more in-person (M = 28.14,
SD = 25.74) than during the O-TLFB (M = 23.38, SD = 18.02).

3.3 | Concurrent validity

The concurrent validity of the O-TLFB and in-person TLFB was as-
sessed by examining reported alcohol use in relation to AUDIT
scores and reported cannabis use in relation to MDS scores. Those
participants who scored above a 2 on the MDS, which signifies the
diagnostic cutoff for marijuana dependence (n = 31), reported sig-
nificantly more days of cannabis use on both the in-person TLFB
(M =8.94,SD = 4.4, p = .046) and the O-TLFB (M = 8.93, SD = 4.67,
p = .025) than participants who did not. Those that were under the
diagnostic cutoff for marijuana dependence (n = 19) reported on aver-
age 6.26 days (SD = 4.49) and 5.89 days (SD = 4.43) of cannabis use on
the in-person and online TLFBs, respectively. Similarly, participants
who scored above an 8 on the AUDIT, which signifies harmful drink-
ing (n = 34), reported consuming significantly more total drinks in per-
son (M =32.75, SD = 12.18, p = .033) and on the O-TLFB (M = 26.73,
SD =19.78, p = .018) than participants who did not. Participants who

Screened
Participants Eligible
n=113 Participants
Screening
”No=show” n=72
n=10
. N\
Reasons for Ineligibility: Randomized
No cannabis use (n=23) Participants Reasons for Attrition
No use of alcohol or cannabis after Randomization
within the last seven days n=64 Did not consent to proceed
(n=18) J after determined eligible
l )
Canceled in-person
. appointment (n=6
Comp¥;f§BOnllne Couldpr}iot resched(ule d)ue to
administrative delay (n=2)
n=51 \ /
Completed In-
Person Measures

FIGURE 2 Study recruitment flow
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TABLE 1 Study demographics

Characteristics Frequency
N 50
Age (M (SD) years) 19.27 (1.18)
Gender
Female 20 (40%)
Male 30 (60%)
Race
White/Caucasian 43 (86.0%)
Asian 5 (10.0%)
Hispanic or Latino 7 (14.0%)
Unknown or not reported 1(2.0%)
More than one race 1(2.0%)
Ethnicity
Hispanic or Latino 7 (14.0%)

scored under an 8 on the AUDIT (n = 16) reported on average 18.37
total drinks (SD = 16.11) and 16.00 total drinks (SD = 10.53) on the
in-person TLFB and O-TLFB, respectively.

3.4 | Ancillary findings—cannabis potency and
marker date use

3.4.1 | Cannabis potency

In states with legal cannabis markets, all products purchased at a can-
nabis dispensary are required to report THC and CBD potency as de-
termined by a state-licensed laboratory; thus, users who purchased
cannabis at a dispensary should be able to report cannabis potency
with reasonable certainty. In regard to cannabis potency, few partici-
pants reported a specific potency for their flower. Of those that en-
dorsed flower use during the in-person TLFB (n = 47), 15 participants
reported a specific THC potency (M = 22.49%, SD = 3.85) and three
participants reported a specific CBD potency (M = 1.40%, SD = 0.70).
The same numbers reported a specific THC potency (n = 15;
M =22.61%, SD = 3.89) and a specific CBD potency (n = 3; M = 1.18%,
SD = 0.31) on the O-TLFB.

Of those that endorsed concentrated cannabis use during the
in-person TLFB (n = 20), seven participants reported a THC potency
(M = 73.07%, SD = 25.47) and three participants reported a CBD
potency (M = 6.67%, SD = 6.65). Similarly, of those that endorsed
concentrated cannabis use during the O-TLFB (n = 18), seven par-
ticipants reported a THC potency (M = 67.62%, SD = 24.14) and
three participants reported a CBD potency (M = 5.92%, SD = 7.00).
The THC and CBD potencies did not differ significantly across the
two TLFB forms.

Of those that endorsed edible cannabis use during the in-per-
son TLFB (n = 9), eight participants reported a THC potency
(M =19.69 mg, SD = 16.71) and two participants reported a CBD po-
tency (M = 5.00, SD = 7.07). Similarly, of those that endorsed edible

cannabis use during the O-TLFB (n = 11), eight participants reported
a THC potency (M = 21.5 mg, SD = 19.63) and two participants re-
ported a CBD potency (M = 5.00, SD = 7.07).

3.4.2 | Marker dates

While it was clearly stated in the beginning of both the online and in-
person assessments that marker dates should be reported, participants
utilized them on the O-TLFB significantly more (p = .016) than during
the in-person TLFB. On average, participants used 1.12 (SD = 1.21)
marker dates during the in-person TLFB and 2.80 (SD = 4.46) during
the online TLFB. Furthermore, there were group differences in the use
of marker dates. Those who completed the O-TLFB prior to the in-
person TLFB used significantly more marker dates (p = .004) on the
O-TLFB (M = 4.95) compared with the in-person TLFB (M = 0.956).
Those who completed the in-person TLFB first used a similar number
of marker dates (p = .396) on the O-TLFB (M = 1.25) and the in-person
TLFB (M = 1.11).

3.4.3 | Order effects

When examining order effects, there were largely no differences
between those who were randomized to complete the O-TLFB first
and those who were randomized to complete the in-person TLFB
first, with two exceptions. On the in-person TLFB, participants in
the group that completed the in-person version first reported sig-
nificantly more (p = .035) Cannabis use days (M = 9.52, SD = 4.72)
than those participants who completed the in-person TLFB second
(M = 6.76, SD = 4.26). With regard to marker dates, the group that
completed the in-person TLFB first used significantly more marker
dates (p = .004) on the O-TLFB (M = 4.95) compared with the in-per-
son TLFB (M = 0.956). Participants who completed the online version
first used a similar number of marker dates (p = .396) on the O-TLFB
(M =1.25) and the in-person TLFB (M = 1.11).

4 | DISCUSSION

The TLFB continues to be a useful tool for assessing substance use
quantity and frequency patterns, within the broader scope of vali-
dated substance use assessments that each vary on their research-
based and clinical utility (Carey, 2002). Importantly, the TLFBis not a
diagnostic tool, but reveals frequency and quantity patterns and has
the potential to measure fine-grained details of use, especially for
substances that are newly emerging (such as e-cigarettes or edible
cannabis products for instance) and for which the field is still explor-
ing the best way to examine and quantify.

While popular and well-validated, the TLFB requires a relatively
labor-intensive in-person administration. Further, while situations
remain where an in-person administration of this assessment is more

appropriate than an online or computer-based version (e.g., among
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TABLE 2 Substance use reported
during online TLFB compared with In-
Person TLFB

Days of cannabis

use

Days of flower
cannabis use

Cannabis flower
consumed (g)

Days of concen-
trate cannabis
use

Days of edible
cannabis use

Days of alcohol
use

Total drinks

Drinks per
drinking day

Days of nico-
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tine/tobacco
use

Total units
of nicotine/
tobacco

Nicotine/to-
bacco units per
day

Days of pre-
scription drug
use

Days of illegal
drug use

Online TLFB In-person TLFB

Mean SD Mean SD p-value Correlation
7.78 471 7.92 4.62 .635 .902**
6.46 472 6.54 4.72 .813 .873**
5.34 6.78 5.79 8.59 .548 .804**
1.50 3.16 1.68 3.21 237 944
0.44 1.07 0.36 0.94 .399 .789**
4.02 2.72 4.24 2.54 115 .886"*

23.38 18.02 28.14 25.74 .023* .852**
5.47 2.66 5.94 3.23 115 .780**
3.46 5.12 4.36 5.23 .022* .864**

43.80 72.18 41.98 66.15 .835 .833**
3.93 5.22 3.58 4.73 621 .780**
0.80 2.81 0.72 2.16 794 .653**
0.34 0.77 0.28 0.70 322 .838**

Note: Pearson correlations reported for all correlations using a 95% confidence interval. p-value
calculated from paired sample t test between online TLFB and In-person TLFB substance use

reports.

Abbreviation: TLFB, Timeline Followback.

*p < .05.
**p <.001.

patient groups or with respondents who have low computer literacy),
an online assessment has many advantages. It may be more appro-
priate for a large community sample, or for multiple administrations
across many months or years, and it increases participant conve-
nience and privacy. The online format is easy and intuitive to use
with basic Internet literacy possessed by nearly all Americans (Ryan,
2016), and finally, it offers uniformity of data capture and seamlessly
integrates with REDCap, a method of data management that is in-
creasingly utilized in biological and behavioral research, including
clinical settings (Bahr, Christensen, Agarwal, George, & Bhutani,
2019; Blough, Mansfield, & Kondapalli, 2014; Campion, Sholle, &
Davila, 2017; Cantor, Plint, Kamil, & Zemek, 2016; Dunn et al., 2016;
Gabriel, Finlay, & Weiner, 2012; Obeid et al., 2013; Yamamoto et
al., 2017). Data obtained from the O-TLFB demonstrated a high

level of consistency with the in-person TLFB interview and strong

concurrent validity with the MDS and AUDIT. Our findings extend
previous research on the feasibility and validity of administering the
TLFB in an online format (Hjorthgj, Fohlmann, Larsen, Arendt, &
Nordentoft, 2012; Hoeppner et al., 2010; Rueger et al., 2012).

Of utmost importance, this O-TLFB has the ability to query
an increased diversity of substances (e.g., prescription drugs and
illicit drugs) in greater detail in terms of method of administration
(e.g., cannabis could be endorsed through flower, concentrate, or
edible use and nicotine/tobacco could be endorsed through ciga-
rettes, e-cigarettes, chew or dip, cigars, hookah, or other tobacco),
dosage (differentiated according to mode of administration, e.g.,
pinch, puff, and drag), and potency (e.g., THC vs. CBD proportions
in cannabis products), and in flexible combinations based on the
need of the study (i.e., one study may query prescription medi-

cations while another might omit them, and one study may query
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14 retrospective days awhile another may query 60). Capturing
these specifics online as accurately as the in-person version of the
TLFB is important in today's climate of increased legalization and
accessibility of cannabis, use of prescription medications recre-
ationally, and rapidly changing forms of nicotine consumption. It
is interesting to note, however, that in the course of the valida-
tion of the O-TLFB, an ancillary finding regarding marker date use
(a retrospective calendar as a memory “trigger” for instances of
substance use) became apparent. While it was shown that par-
ticipants made greater use of marker dates online than in person,
overall the results indicated that the two modalities are highly
correlated across primary and secondary substance use measures
despite this difference.

Our study should be interpreted in the context of the following
limitations. First, disclosures of the true intent to compare the TLFB
methods were given to participants at the end of their in-person in-
terview. Therefore, participants who interviewed before taking the
O-TLFB had the chance to read the disclosure and understand the
purpose of the study before they completed the O-TLFB, potentially
influencing the study's results. Despite this, however, substance use
reporting levels across both groups were consistently related across
all domains.

Second, the location of the study in Colorado—a state that has
legalized the medical and recreational use of cannabis—and the use
of a convenience sample of college students are also limitations that
may have also influenced results. For example, while we demon-
strated preliminary reliability for the reporting of both quantity and
frequency across multiple forms of substances, the differences be-
tween the online and in-person measures for nicotine/tobacco total
days and alcohol total drinks were significantly different. This could
be due to the fact that use in our sample was notably limited, though
it should be noted that the actual differences were small and do not
appear to be clinically meaningful and could benefit from further vali-
dation among community or clinical samples. Also, while our measure
demonstrated reliable reporting of days and amounts used for dif-
ferent modes of cannabis administration, such as flower, edibles, and
concentrates, the majority of participants interestingly did not report
on the specific THC or CBD contents of their cannabis as demon-
strated by our ancillary findings. This limitation could be due to our
reliance on a sample that was on average below the legal age for pur-
chasing and using cannabis (21), and thus more likely to use cannabis
in groups socially where potency is not known by users. Therefore,
these potency measures could be more powerful in studies of older
or medical cannabis users or heavier substance users. Again, this
validation study using a convenience sample is a first step toward
demonstrating the validity of these novel potency and administration
measures among diverse samples.

Finally, participants may also have been more comfortable and had
more knowledge reporting on their cannabis and other substance use
in our state, as a result of the state cannabis packaging regulations
and general social climate surrounding use, which in turn may limit
the replicability of this study in other states. Future directions would

include additional validation with a community or clinical sample to

further explore the validity of substance categories measured by the
O-TLFB. Overall, however, the data suggest that this new O-TLFB
demonstrates reliability across a wide variety of substances in greater
detail. It delivers a useful addition to the broader substance use mea-
surement arsenal that is relevant to a variety of biomedical and psy-

chological research contexts.

ACKNOWLEDGMENTS

This work otherwise complies with Standard 8 of the American
Psychological Association's Ethical Principles of Psychologists and
Code of Conduct.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

ORCID
Renée Martin-Willett https://orcid.org/0000-0001-8940-8587
Timothy Helmuth https://orcid.org/0000-0002-7002-5997

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

REFERENCES

Aalto, M., Alho, H., Halme, J. T., & Sepp3, K. (2011). The alcohol use dis-
orders identification test (AUDIT) and its derivatives in screening for
heavy drinking among the elderly. International Journal of Geriatric
Psychiatry, 26(9), 881-885. https://doi.org/10.1002/gps.2498

Althouse, A. D. (2016). Adjust for multiple comparisons? It's not that sim-
ple. The Annals of Thoracic Surgery, 101(5), 1644-1645. https://doi.
org/10.1016/j.athoracsur.2015.11.024

Babor, T. F., Higgins-Biddle, J. C., Saunders, J. B., & Monteiro, M. G. (2001).
The alcohol use disorders identification test guidelines for use in primary
care (pp. 1-40). Geneva, Switzerland: World Health Organization.

Bahr, T. M., Christensen, R. D., Agarwal, A. M., George, T. |., & Bhutani,
V. K. (2019). The Neonatal Acute Bilirubin Encephalopathy Registry
(NABER): Background, aims, and protocol. Neonatology, 115(3), 242-
246. https://doi.org/10.1159/000495518

Beck, A. T., Steer, R. A,, Ball, R., & Ranieri, W. F. (1996). Comparison of beck
depression inventories-IA and-Il in psychiatric outpatients. Journal
of Personality Assessment, 67(3), 588-597. https://doi.org/10.1207/
s15327752jpa6703_13

Bidwell, L. C., YorkWilliams, S. L., Mueller, R., Bryan, A. D., & Hutchison,
K. E. (2018). Exploring cannabis concentrates on the legal mar-
ket: User profiles, product strength, and health-related outcomes.
Addictive Behaviors Reports, 8, 102-106. https://doi.org/10.1016/j.
abrep.2018.08.004

Blough, K., Mansfield, C., & Kondapalli, L. A. (2014). Seamless integration of
clinical care and research in an innovative fertility preservation program:
The Colorado Oncofertility Program model. Journal of Cancer Survivorship,
8(4), 533-538. https://doi.org/10.1007/s11764-014-0362-6

Brown, R. A, Burgess, E. S., Sales, S. D., Whiteley, J. A, Evans, D. M,
& Miller, 1. W. (1998). Reliability and validity of a smoking timeline
follow-back interview. Psychology of Addictive Behaviors, 12(2), 101-
112. https://doi.org/10.1037/0893-164X.12.2.101

Caldwell, B., Cooper, M., Loretta Guarino Reid, C., & Chisholm, W.
(2006). Web content accessibility guidelines (WCAG) 2.0. W3C
Recommendation 11 December 2008. Retrieved from http://cms.
ysu.edu/sites/default/files/documents/mathematics-assistance


https://orcid.org/0000-0001-8940-8587
https://orcid.org/0000-0001-8940-8587
https://orcid.org/0000-0002-7002-5997
https://orcid.org/0000-0002-7002-5997
https://doi.org/10.1002/gps.2498
https://doi.org/10.1016/j.athoracsur.2015.11.024
https://doi.org/10.1016/j.athoracsur.2015.11.024
https://doi.org/10.1159/000495518
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1016/j.abrep.2018.08.004
https://doi.org/10.1016/j.abrep.2018.08.004
https://doi.org/10.1007/s11764-014-0362-6
https://doi.org/10.1037/0893-164X.12.2.101
http://cms.ysu.edu/sites/default/files/documents/mathematics-assistancecenter/Hawkes Learning_Web Content Accessibility Guidelines %28WCAG%29 2.0.pdf
http://cms.ysu.edu/sites/default/files/documents/mathematics-assistancecenter/Hawkes Learning_Web Content Accessibility Guidelines %28WCAG%29 2.0.pdf

MARTIN-WILLETT et AL.

center/Hawkes%20Learning_Web%20Content%20Accessibility
%20Guidelines%20%28WCAG%29%202.0.pdf

Callahan, T. J., Caldwell Hooper, A. E., Thayer, R. E., Magnan, R. E., &
Bryan, A. D. (2013). Relationships between marijuana dependence
and condom use intentions and behavior among justice-involved
adolescents. AIDS and Behavior, 17(8), 2715-2724. https://doi.
org/10.1007/s10461-013-0417-0

Campion, T. R,, Sholle, E. T., & Davila, M. A. (2017). Generalizable mid-
dleware to support use of REDCap dynamic data pull for integrat-
ing clinical and research data. AMIA Joint Summits on Translational
Science Proceedings. AMIA Joint Summits on Translational Science,
2017, 76-81.

Cantor, Z., Plint, A. C., Kamil, Y., & Zemek, R. (2016). REDCap: A pediatric
ED experience. The American Journal of Emergency Medicine, 34(10),
2048-2049. https://doi.org/10.1016/j.ajem.2016.08.013

Carey, K. B. (2002). Clinically useful assessments: Substance use and co-
morbid psychiatric disorders. Behaviour Research and Therapy, 40(11),
1345-1361. https://doi.org/10.1016/S0005-7967(02)00039-6

Carey, K. B., Carey, M. P, Maisto, S. A., & Henson, J. M. (2004). Temporal
stability of the timeline followback interview for alcohol and drug
use with psychiatric outpatients. Journal of Studies on Alcohol, 65(6),
774-781. https://doi.org/10.15288/jsa.2004.65.774

DeMartini, K. S., & Carey, K. B. (2012). Optimizing the use of the AUDIT
for alcohol screening in college students. Psychological Assessment,
24(4), 954-963. https://doi.org/10.1037/a0028519

Dunn, W. D., Cobb, J,, Levey, A. |, & Gutman, D. A. (2016). REDLetr:
Workflow and tools to support the migration of legacy clini-
cal data capture systems to REDCap. International Journal of
Medical Informatics, 93, 103-110. https://doi.org/10.1016/j.ijmed
inf.2016.06.015

Fals-Stewart, W., O'Farrell, T. J., Freitas, T. T., McFarlin, S. K., & Rutigliano,
P. (2000). The Timeline Followback reports of psychoactive sub-
stance use by drug-abusing patients: Psychometric properties.
Journal of Consulting and Clinical Psychology, 68(1), 134-144. https://
doi.org/10.1037/0022-006X.68.1.134

Fatseas, M., Serre, F., Swendsen, J., & Auriacombe, M. (2018). Effects
of anxiety and mood disorders on craving and substance use among
patients with substance use disorder: An ecological momentary as-
sessment study. Drug and Alcohol Dependence, 187, 242-248. https://
doi.org/10.1016/j.drugalcdep.2018.03.008

Feise, R. J. (2002). Do multiple outcome measures require p-value ad-
justment? BMC Medical Research Methodology, 2(1), 8. https://doi.
org/10.1186/1471-2288-2-8

Fiellin, D. A., McGinnis, K. A., Maisto, S. A., Justice, A. C., & Bryant, K.
(2013). Measuring alcohol consumption using Timeline Followback in
non-treatment-seeking medical clinic patients with and without HIV
infection: 7-, 14-, or 30-day recall. Journal of Studies on Alcohol and
Drugs, 74(3), 500-504. https://doi.org/10.15288/jsad.2013.74.500

Gabiriel, P. E., Finlay, J. C., & Weiner, M. G. (2012). A semiautomated elec-
tronic system for managing physician peer review of treatment plans.
International Journal of Radiation Oncology*Biology*Physics, 84(3),
$158-5159. https://doi.org/10.1016/j.ijrobp.2012.07.408

Harris, K. J., Golbeck, A. L., Cronk, N. J,, Catley, D., Conway, K., &
Williams, K. B. (2009). Timeline follow-back versus global self-re-
ports of tobacco smoking: A comparison of findings with nondaily
smokers. Psychology of Addictive Behaviors, 23(2), 368-372. https://
doi.org/10.1037/a0015270

Harris, P. A., Taylor, R., Thielke, R., Payne, J., Gonzalez, N., & Conde, J.
G. (2009). Research electronic data capture (REDCap)—A metada-
ta-driven methodology and workflow process for providing transla-
tional research informatics support. Journal of Biomedical Informatics,
42(2), 377-381. https://doi.org/10.1016/j.jbi.2008.08.010

Hendershot, C. S., Magnan, R. E., & Bryan, A. D. (2011). Associations
of marijuana use and sex-related marijuana expectancies with HIV/
STD risk behavior in high-risk adolescents. Psychology of Addictive

B B dB h . o 9 of 10
rain an enavior Wl LEYJ—

Open Access,

Behaviors, 24(3), 404-414. https://doi.org/10.1037/a0019844.Assoc
iations

Hjorthgj, C. R., Fohlmann, A., Larsen, A. M., Arendt, M., & Nordentoft, M.
(2012). Correlations and agreement between delta-9-tetrahydro-
cannabinol (THC) in blood plasma and timeline follow-back (TLFB)-
assisted self-reported use of cannabis of patients with cannabis use
disorder and psychotic illness attending the CapOpus randomized clin.
Addiction, 107(6), 1123-1131. https:/doi.org/10.1111/j.1360-0443.
2011.03757.x

Hoeppner, B. B., Stout, R. L., Jackson, K. M., & Barnett, N. P. (2010). How
good is fine-grained Timeline Follow-back data? Comparing 30-day
TLFB and repeated 7-day TLFB alcohol consumption reports on the
person and daily level. Addictive Behaviors, 35(12), 1138-1143. https
://doi.org/10.1016/j.addbeh.2010.08.013

Lozano, B. E., Stephens, R. S., & Roffman, R. A. (2006). Abstinence and
moderate use goals in the treatment of marijuana dependence.
Addiction, 101(11), 1589-1597. https://doi.org/10.1111/j.1360-0443.
2006.01609.x

Magee, S. R., Bublitz, M. H., Orazine, C., Brush, B., Salisbury, A., Niaura,
R., & Stroud, L. R. (2014). The relationship between maternal-fetal
attachment and cigarette smoking over pregnancy. Maternal and
Child Health Journal, 18(4), 1017-1022. https://doi.org/10.1007/
5s10995-013-1330-x

Martin-Willett, R., McCormick, Z., Newman, W., Larsen, L. D., Ortiz
Torres, M. A., & Bidwell, L. C. (2019). The transformation of a
gold standard in-person substance use assessment to a web-
based, REDCap integrated data capture tool. Journal of Biomedical
Informatics, 94, 103186. https://doi.org/10.1016/J.JB1.2019.103186

McNeely, J., Strauss, S. M., Wright, S., Rotrosen, J., Khan, R., Lee, J. D,
& Gourevitch, M. N. (2014). Test-retest reliability of a self-admin-
istered Alcohol, Smoking and Substance Involvement Screening
Test (ASSIST) in primary care patients. Journal of Substance Abuse
Treatment, 47(1), 93-101. https://doi.org/10.1016/j.jsat.2014.
01.007

Norberg, M. M., Mackenzie, J., & Copeland, J. (2012). Quantifying can-
nabis use with the Timeline Followback approach: A psychometric
evaluation. Drug and Alcohol Dependence, 121(3), 247-252. https://
doi.org/10.1016/j.drugalcdep.2011.09.007

Obeid, J. S., McGraw, C. A., Minor, B. L., Conde, J. G., Pawluk, R., Lin, M.,
... Harris, P. A. (2013). Procurement of shared data instruments for
Research Electronic Data Capture (REDCap). Journal of Biomedical
Informatics, 46(2), 259-265. https://doi.org/10.1016/j.jbi.2012.10.006

Quimette, P., Read, J. P., Wade, M., & Tirone, V. (2010). Modeling as-
sociations between posttraumatic stress symptoms and substance
use. Addictive Behaviors, 35(1), 64-67. https://doi.org/10.1016/j.
addbeh.2009.08.009

Panza, G. A., Weinstock, J., Ash, G. I, & Pescatello, L. S. (2012).
Psychometric evaluation of the Timeline Followback for Exercise
among college students. Psychology of Sport and Exercise, 13(6), 779-
788. https://doi.org/10.1016/j.psychsport.2012.06.002

Pedersen, E. R., Grow, J., Duncan, S., Neighbors, C., & Larimer, M. E.
(2012). Concurrent validity of an online version of the Timeline
Followback assessment. Psychology of Addictive Behaviors, 26(3),
672-677. https://doi.org/10.1037/a0027945

Perneger, T. V. (1998). What's wrong with Bonferroni adjustments.
BMJ (Clinical Research Ed.), 316(7139), 1236-1238. https://doi.
org/10.1136/BMJ.316.7139.1236

Phan, O., Henderson, C. E., Angelidis, T., Weil, P., van Toorn, M., Rigter,
R., ... Rigter, H. (2011). European youth care sites serve different
populations of adolescents with cannabis use disorder. Baseline and
referral data from the INCANT trial. BMC Psychiatry, 11(1), 110. https
://doi.org/10.1186/1471-244X-11-110

Prince, M. A., Conner, B. T., & Pearson, M. R. (2018). Quantifying cannabis:
A field study of marijuana quantity estimation. Psychology of Addictive
Behaviors, 32(4), 426-433. https://doi.org/10.1037/adb0000370


http://cms.ysu.edu/sites/default/files/documents/mathematics-assistancecenter/Hawkes Learning_Web Content Accessibility Guidelines %28WCAG%29 2.0.pdf
http://cms.ysu.edu/sites/default/files/documents/mathematics-assistancecenter/Hawkes Learning_Web Content Accessibility Guidelines %28WCAG%29 2.0.pdf
https://doi.org/10.1007/s10461-013-0417-0
https://doi.org/10.1007/s10461-013-0417-0
https://doi.org/10.1016/j.ajem.2016.08.013
https://doi.org/10.1016/S0005-7967(02)00039-6
https://doi.org/10.15288/jsa.2004.65.774
https://doi.org/10.1037/a0028519
https://doi.org/10.1016/j.ijmedinf.2016.06.015
https://doi.org/10.1016/j.ijmedinf.2016.06.015
https://doi.org/10.1037/0022-006X.68.1.134
https://doi.org/10.1037/0022-006X.68.1.134
https://doi.org/10.1016/j.drugalcdep.2018.03.008
https://doi.org/10.1016/j.drugalcdep.2018.03.008
https://doi.org/10.1186/1471-2288-2-8
https://doi.org/10.1186/1471-2288-2-8
https://doi.org/10.15288/jsad.2013.74.500
https://doi.org/10.1016/j.ijrobp.2012.07.408
https://doi.org/10.1037/a0015270
https://doi.org/10.1037/a0015270
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1037/a0019844.Associations
https://doi.org/10.1037/a0019844.Associations
https://doi.org/10.1111/j.1360-0443.2011.03757.x
https://doi.org/10.1111/j.1360-0443.2011.03757.x
https://doi.org/10.1016/j.addbeh.2010.08.013
https://doi.org/10.1016/j.addbeh.2010.08.013
https://doi.org/10.1111/j.1360-0443.2006.01609.x
https://doi.org/10.1111/j.1360-0443.2006.01609.x
https://doi.org/10.1007/s10995-013-1330-x
https://doi.org/10.1007/s10995-013-1330-x
https://doi.org/10.1016/J.JBI.2019.103186
https://doi.org/10.1016/j.jsat.2014.01.007
https://doi.org/10.1016/j.jsat.2014.01.007
https://doi.org/10.1016/j.drugalcdep.2011.09.007
https://doi.org/10.1016/j.drugalcdep.2011.09.007
https://doi.org/10.1016/j.jbi.2012.10.006
https://doi.org/10.1016/j.addbeh.2009.08.009
https://doi.org/10.1016/j.addbeh.2009.08.009
https://doi.org/10.1016/j.psychsport.2012.06.002
https://doi.org/10.1037/a0027945
https://doi.org/10.1136/BMJ.316.7139.1236
https://doi.org/10.1136/BMJ.316.7139.1236
https://doi.org/10.1186/1471-244X-11-110
https://doi.org/10.1186/1471-244X-11-110
https://doi.org/10.1037/adb0000370

MARTIN-WILLETT T AL.

10 of 10 WI LEy_Brain and Behavior

Open Access,

Rizzo, C. J., Joppa, M. C., Barker, D., Zlotnick, C., Warren, J., Saint-
Eloi Cadely, H., & Brown, L. K. (2017). Individual and relationship
characteristics of adolescent girls with histories of physical dat-
ing violence. Journal of Interpersonal Violence, 1-26. https://doi.
org/10.1177/0886260517696859

Robinson, S. M., Sobell, L. C., Sobell, M. B., & Leo, G. |. (2014). Reliability
of the Timeline Followback for cocaine, cannabis, and cigarette
use. Psychology of Addictive Behaviors, 28(1), 154-162. https://doi.
org/10.1037/a0030992

Rothman, K. J. (1990). No adjustments are needed for multiple compar-
isons. Epidemiology, 1(1), 43-46. https://doi.org/10.2307/20065622

Rueger,S.Y., Trela, C.J., Palmeri, M., &King, A.C.(2012). Self-administered
web-based timeline followback procedure for drinking and smoking
behaviors in young adults. Journal of Studies on Alcohol and Drugs,
73(5), 829-833. https://doi.org/10.15288/jsad.2012.73.829

Ryan, C. (2016). Computer and internet use in the United States: 2016.
American Community Survey Reports, 20(2), 72-76. https://doi.
org/10.15511/tahd.16.21672

Sobell, L. C., Cunningham, J. A., & Sobell, M. B. (1996). Recovery from al-
cohol problems with and without treatment: Prevalence in two pop-
ulation surveys. American Journal of Public Health, 86(7), 966-972.
https://doi.org/10.2105/AJPH.86.7.966

Staines, G., Magura, S., Foote, J., Deluca, A., & Kosanke, N. (2008).
Polysubstance use among alcoholics. Journal of Addictive Diseases,
20(4), 15-25. https://doi.org/10.1300/J069v20n04

Stephens, R. S., Roffman, R. A., & Curtin, L. (2000). Comparison of
extended versus brief treatments for marijuana use. Journal of
Consulting and Clinical Psychology, 68(5), 898-908. https://doi.
org/10.1037/0022-006X.68.5.898

Vergara, D., Bidwell, L. C., Gaudino, R., Torres, A., Du, G., Ruthenburg, T.
C., ... Kane, N. C. (2017). Compromised external validity: Federally
produced cannabis does not reflect legal markets. Scientific Reports,
7,46528. https://doi.org/10.1038/srep46528

Volkow, N. D., Baler, R. D., Compton, W. M., & Weiss, S. R. B. (2014).
Adverse health effects of marijuana use. The New England Journal

of Medicine, 370(23), 2219-2227. https://doi.org/10.1056/NEJMr
a1402309

Weinstock, J., Whelan, J. P, & Meyers, A. W. (2004). Behavioral as-
sessment of gambling: An application of the Timeline Followback
method. Psychological Assessment, 16(1), 72-80. https://doi.
org/10.1037/1040-3590.16.1.72

Wilks, C. R., Lungu, A., Ang, S. Y., Matsumiya, B., Yin, Q., & Linehan, M.
M. (2018). A randomized controlled trial of an Internet delivered di-
alectical behavior therapy skills training for suicidal and heavy epi-
sodic drinkers. Journal of Affective Disorders, 232, 219-228. https://
doi.org/10.1016/j.jad.2018.02.053

Yamamoto, K., Ota, K., Akiya, |., & Shintani, A. (2017). A pragmatic
method for transforming clinical research data from the research
electronic data capture “REDCap” to Clinical Data Interchange
Standards Consortium (CDISC) Study Data Tabulation Model
(SDTM): Development and evaluation of REDCap2SDTM. Journal
of Biomedical Informatics, 70, 65-76. https://doi.org/10.1016/j.
jbi.2017.05.003

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Martin-Willett R, Helmuth T, Abraha
M, et al. Validation of a multisubstance online Timeline
Followback assessment. Brain Behav. 2020;10:e01486.
https://doi.org/10.1002/brb3.1486



https://doi.org/10.1177/0886260517696859
https://doi.org/10.1177/0886260517696859
https://doi.org/10.1037/a0030992
https://doi.org/10.1037/a0030992
https://doi.org/10.2307/20065622
https://doi.org/10.15288/jsad.2012.73.829
https://doi.org/10.15511/tahd.16.21672
https://doi.org/10.15511/tahd.16.21672
https://doi.org/10.2105/AJPH.86.7.966
https://doi.org/10.1300/J069v20n04
https://doi.org/10.1037/0022-006X.68.5.898
https://doi.org/10.1037/0022-006X.68.5.898
https://doi.org/10.1038/srep46528
https://doi.org/10.1056/NEJMra1402309
https://doi.org/10.1056/NEJMra1402309
https://doi.org/10.1037/1040-3590.16.1.72
https://doi.org/10.1037/1040-3590.16.1.72
https://doi.org/10.1016/j.jad.2018.02.053
https://doi.org/10.1016/j.jad.2018.02.053
https://doi.org/10.1016/j.jbi.2017.05.003
https://doi.org/10.1016/j.jbi.2017.05.003
https://doi.org/10.1002/brb3.1486

