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Abstract

The debate about whether measurement reactivity exists in daily diary research on substance use is
still unsettled due to the issues of study design and statistical methodology. This study proposes a
time-varying effect model (TVEM) that characterizes the trajectory of substance use behaviors
with nonparametric functions determined by the data rather than imposes presumed parametric
functions. It also allows researchers to investigate the effect of measurement reactivity on not only
the likelihood of using substances but also the amount of substance use. The TVEM was applied to
analyze diary data on alcohol and marijuana use collected from an experiment, which randomized
307 participants in Michigan into daily and weekly assessment schedules during 2014-2016. This
study found short-term measurement reactivity on alcohol use, but did not find a significant
reactivity effect on marijuana use. The daily group had smaller odds of abstinence from drinking
but lower expected drinking quantity in the first week of assessment, which dissipated by the
second week. The results indicate that although daily self-monitoring could have short-term
reactivity on substance use behaviors that tend to fluctuate across days, such as alcohol use, it does
not affect substance use behaviors that are quite consistent, such as marijuana use. Our findings
imply that although daily monitoring of drinking may motivate people to reduce the quantity
consumed once they start to drink, it may also arouse their desire to start drinking. Yet, both
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effects tend to last only one week, as participants accommaodate to the monitoring by the second
week.
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Introduction

Measurement reactivity is a research question of common interest in behavioral science:
could psychological measurement influence the self-reports of behavior by people being
assessed? Daily self-reporting on health risk behaviors such as substance use could lead to
more mindful self-monitoring which can be a useful form of therapeutic behavior change
(Mitchum, Kelley, & Fox, 2016). Thus, measurement reactivity may potentially compromise
the validity of studies collecting daily diary data. Alternatively, Reynolds, Robles, and
Repetti (2016) pointed out that diary research typically asks participants to report on
experiences that have already occurred without providing feedback or encouragement to
review behavioral patterns over time, and therefore may not produce therapeutic benefits of
self-monitoring.

Researchers investigating measurement reactivity effects on health risk behaviors in diary
studies have mainly used an interactive voice response (IVR) system, which is a computer
system that can automatically administer surveys with prerecorded audio and record
participants’ responses into databases (e.g., this technique was already commonly used for
consumers to check their account information by interacting with a computer through a
telephone keypad or speech recognition before smart phones became available). Although
longitudinal observational studies involving daily IVR assessment showed declines in
alcohol consumption (Helzer, Badger, Rose, Mongeon, & Searles, 2002) and risky sexual
behaviors (Schroder, Johnson, & Wiebe, 2007), these findings were limited by the small
sample size and the potential confounding effect due to an increasing amount of missing
assessment in later days. Tucker et al. (2012) used IVR to collect daily use of alcohol, illicit
drugs, and sexual activity from HIV/AIDS patients for up to 10 weeks and found reactivity
effects on drug use and risky sex but not on alcohol use. Measurement reactivity was
demonstrated by lower odds of reporting a target risk behavior associated with an increase in
the cumulative number of IVVR call days (indicating a higher dose), controlling for the
frequency of the behavior at baseline. The study also acknowledged that the relationships
observed were correlational and warranted further research by experimentally manipulating
IVR access.

We know of only two studies that randomized participants to IVR or control groups and
evaluated group differences in drinking outcomes after the IVR assessment was finished,
adjusting for pre-randomization drinking levels (Helzer, Rose, Badger, Searles, Thomas,
Lindberg, & Guth, 2008; Simpson, Kivlahan, Bush, & McFall 2005). Yet, the results were
not consistent. Simpson et al. (2005) did not find significant group differences, whereas
Helzer et al. (2008) found that the IVVR group reported even higher consumption than the
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control group (i.e., the opposite effect to measurement reactivity). One common issue of
both studies is that drinking outcomes were measured by the timeline follow-back (TLFB;
Sobell & Sobell, 1992), a commonly adopted assessment method that uses a calendar and
structured interview to assist retrospective recall of daily alcohol consumption over a
specified time period, rather than by the IVR data, because the latter were not available for
the control group. Thus, a possible explanation of the resulting opposite effect is that the
frequent IVR calls may have served as a mnemonic for the TLFB reports in the VR group,
making the outcomes from the two groups incomparable.

To address the dilemma over the dependence on TLFB reports due to inclusion of the control
group that was not assessed at all during the experimental period, a recent study (Buu,
Massey, Walton, Cranford, Zimmerman, & Cunningham, 2017) proposed a new design
involving a different control group that was engaged in some assessment during the
experimental period, and thus was more comparable with the experimental group. This new
design was inspired by previous studies showing that (1) drinking behaviors assessed by
daily IVR and weekly IVR in the same individuals were highly correlated (Tucker, Foushee,
Black, & Roth, 2007); and (2) young adults complied well with a protocol of repeated
weekend assessment that captured nearly prospective reports of the peak of substance use
(Kuntsche & Robert, 2009). This recent study randomized participants into two groups: one
group reported health risk behaviors daily, whereas the other group retrospectively reported
about their behaviors in the previous 7 days on Sunday or Monday week/y. Comparing these
groups regarding their trajectories of the target behavior may provide better scientific
evidence for measurement reactivity, because this protocol allows researchers to make
inferences based on the more prospective data collected during the experimental period
rather than the conventional TLFB data collected afterthe experimental period.

Conventional analytical approaches adopted to study measurement reactivity have important
limitations. Analysis of covariance (ANCOVA) can be conveniently implemented to test
group differences in TLFB data collected after daily assessment, controlling for TLFB data
collected before assessment. Yet, this method uses only retrospective data and summary
measures (e.g., the average number of drinks consumed per day) which are known to leave
out clinically meaningful information (Wang, Winchell, McCormick, Nevius, & O’Neill,
2002). Another important drawback of the ANCOVA approach is that it cannot characterize
changes in behavior as a function of time. This drawback can be addressed by a more
advanced conventional method, the generalized linear mixed model (GLMM), that employs
a polynomial function of time (mostly a linear function). The GLMM approach, however,
imposes a pre-specified shape on the trajectory of health risk behaviors that tend to fluctuate
irregularly, especially in the beginning weeks of the self-monitoring process (Yang,
Cranford, Li, & Buu, 2015).

Yang, Cranford, Li, Zucker, and Buu (2017) proposed a time-varying effect model (TVEM)
to delineate the trajectories of distinct groups and conduct hypothesis testing for group
differences. A major strength of the TVEM is that the trajectories are estimated through non-
parametric regression functions that do not assume fixed shapes like the GLMM. This
model, thus, provides a new lens to examine measurement reactivity by comparing the
experimental and control groups in terms of their behavioral trajectories during the
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experimental period. Furthermore, an extension of the TVEM (Yang, Cranford, Jester, Li,
Zucker, & Buu, 2017) allows researchers to test whether measurement reactivity affects the
likelihood of using substances or the amount of substance use, which is an important
research question but has not been investigated simultaneously.

We aim to fill the current knowledge gaps by applying the TVEM to analyze daily diary data
on alcohol and marijuana use collected from a randomized experiment (Buu et al., 2017),
which randomized participants into daily and weekly assessment schedules. The daily group
was hypothesized to report greater odds of abstinence and to report using a smaller amount
of substances (once they were engaged in substance use) than the weekly group, because the
daily group was engaged in a more intensive self-monitoring process. Group differences
were also hypothesized to be only short-term because no feedback (e.g., graphical
presentation of behavioral patterns over time) was provided.

Study Sample and Procedures

The Measurement and Methodology (M&M) Study (Buu et al., 2017) is a randomized
experiment that was designed to examine the psychometric properties of daily diary data
such as measurement reactivity as a function of assessment schedules and methods. Study
procedures were approved by the Institutional Review Board of University of Michigan
(HUMO00070757). Participants of the M&M Study were recruited by re-contacting a cohort
of adolescents and emerging adults who enrolled in a previous observational study, the Flint
Youth Injury (FYI) Study (Bohnert, Walton, Ranney, Bonar, Blow, Zimmerman, Booth, &
Cunningham, 2015). The FY| Study recruited 600 youth (ages 14-24) when they sought
care at the Hurley Medical Center Emergency Department (ED) in Flint, Michigan. The
inclusion criterion was self-reported use of illicit drugs in the past year on a short computer
survey (mostly marijuana). The exclusion criteria were: (1) youth who did not understand
English; (2) youth deemed unable to provide informed assent/consent; and (3) prisoners at
time of ED presentation.

Three hundred and seven participants aged 18-29 (mean=24) were recruited from the
subject pool of the FY1 study into the M&M Study during 2014-2016. They were
randomized to four (2 x 2) assessment groups with different combinations of assessment
schedules (daily or weekly) and assessment methods (IVR or short message service (SMS)).
The resulting four groups did not differ on demographics and substance use at baseline (Buu
etal., 2017). When IVR was assigned, the compliance rate for the weekly group was
significantly higher than that for the daily group; such a group difference, however, did not
exist between the two groups assessed by SMS (Buu et al., 2017). About 50% of the
participants were male; 60% Black; 26% White; and 66% under public assistance. Based on
self-report substance use in past 6 months at baseline, 69% used alcohol, 67% used nicotine,
73% used marijuana, 12% used other illicit drugs, and 18% misused prescription drugs.

At baseline, the participants self-administered a 30-min computerized assessment including
demographic information and conventional measures of substance use related risk behaviors/
problems in past six months. Afterwards, a 20-30 min staff-administered TLFB interview
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was conducted to collect retrospective data on substance use related behaviors for each day
in the past 90 days. Because substances are often used during late evening hours,
participants in the daily groups reported daily by IVR/SMS about their behaviors on the
previous day for 90 days, starting from the next day of the baseline assessment. The weekly
groups retrospectively reported about their behaviors in the previous 7 days on every Sunday
or Monday after the baseline. The daily and weekly groups both went through the
experimental period of 90 days, after which another 90-day TLFB interview was conducted
to collect retrospective data on relevant behaviors. We only include a brief description of the
protocol that is directly related to the topic of this manuscript. Interested readers may refer
to Buu et al. (2017) for other details of the M&M Study.

Because the present study focuses on measurement reactivity that only applies to those
participants who were currently using the target substance, the statistical analysis on daily
alcohol consumption only included 109 current alcohol users at baseline; and the analysis on
marijuana use only included 153 current marijuana users. The current alcohol users were
defined as those who reported using alcohol at least 2—4 times per month in past 6 months
on the self-administered computerized assessment at baseline. The current marijuana users
were defined as those who reported using marijuana at least once per week in past 6 months
at baseline.

Daily Consumption Questions

The statistical analysis conducted in this study focused on the following questions (with
response options) asked during the 90-day experimental period: “How many drinks
containing alcohol did you have yesterday?” (0-60); “How many times did you use
marijuana yesterday?” (0="none”; 1="once”; 2="twice”; 3="3-4 times”; 4="5-6 times”;
5="7-9 times”; 6="10 or more times”). Unlike alcohol that can be quantified using the
number of standard drinks, it is challenging to quantify marijuana with a short question in
IVR/SMS assessment because it can be consumed in a variety of ways (e.g., joints, blunts,
vaporizers etc.). Thus, we inquired about the frequency of marijuana use instead.

Analytic Approach

Although the experimental period of the M&M Study lasted for 90 days, we focused
statistical analysis on data collected from the first 14 days because our previous study
involving daily I'VR data collection for 14 days from alcohol users showed that measurement
reactivity was only observed in the first week (Yang et al., 2015). This strategy also avoided
a potential confounding effect due to declining compliance rates in later weeks. Among the
current alcohol users, the average compliance rate in the first 14 days was 0.81. The
corresponding average compliance rate for the current marijuana users was 0.85.

In this study, we applied the TVEM proposed by Yang et al. (2017) to examine measurement
reactivity by characterizing and testing the differences between the daily and weekly groups
in alcohol and marijuana use trajectories. This method allowed us to model the effects of
measurement reactivity on the probability of abstinence and the frequency/quantity of
substance use simultaneously. The technical details below describe the models tested. Let
Ytj) be the f-th observed outcome from the /th subject at time t;{/=1,...,M;j=1,...,J) and
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k be the group that Subject /belongs to (A= 1 for the daily group; A = 2 for the weekly
group). The goal was to compare the difference in substance use trajectories between the
daily (experimental) and weekly (control) groups, adjusting for two covariates: the
assessment method (X; = 1 for IVR; X1 = 0 for SMS) and the weekend effect (X>(£) = 1 for
weekend; Xo(Z) = 0 for weekday).

The quantity of alcohol consumption with excess zeros was modeled as

0  with probability Pjj

Y. y=4, . . o
) Poisson  with probability (1 — pij)'

The binary part (probability of abstinence) was modeled as

logitlp; ;) = ”1(’ij) + ﬂl(tij)l{k =ntrXt 712X2(’ij) +ag

The Poisson part (quantity when engaging in drinking) can be modeled by

togE{¥{t))| = mlryg) Aol s = 1 + 72Xy + vl + o

Here, 11(#;) and (1) are the trajectories of the weekly group; £1(#;) and Bx(#;) delineate
the time-varying differences between the daily and weekly groups; 11 to ¥»» correspond to
the time-invariant covariate effects; and a;, b;are random effects modeling within-subject
correlation, which are assumed to be independent, and each of them follows a normal
distribution with the mean 0 and an unknown variance parameter. A major strength of the
TVEM is that it can model time-varying effects, which are assumed to change across time
(such as the difference between the daily and weekly groups in drinking behaviors) as well
as time-invariant effects, which are assumed to be constant at all time points (such as the
effect of the assessment method) in the same model.

Furthermore, to analyze the data on frequency of marijuana use which was an ordinal scale
with excess zeros, the above models can be modified as follows:

0 with probability pij
Y(t. ) =
1 Proportional odds with probability (1 — pij)

The binary part (probability of abstinence) remained the same, but the proportional odds part
(frequency when engaging in marijuana use) was modeled as

logit[Pr(Y(tij) > 1)] = yz(tij) + ,17’2(tl.j)1 =1 F X1+ 722x2(zl.j) +b;—0,.

where ;= 6 +/d(/=1,...,L - 1); 6; < ... < 6; _1. Here, the link function (i.e., the
cumulative logits) modeled each ordinal response category with its own intercept: the
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intercept term for the lowest ordinal category was —6&; the intercept terms for higher ordinal
categories were -6,=—(6y + /Id), I=1,...,5.

SAS PROC NLMIXED was used to carried out the computation (the SAS program is
included in the Appendix). Interested readers may refer to Yang et al. (2017) for detailed
information about parameter estimation and hypothesis testing.

Although the study sample was at high risk for substance use, descriptive statistics indicate
that about 28% of the daily reports reflected abstinence from marijuana use, and the
abstinence rate for alcohol use was 71% among all the daily reports. Thus, zero-inflation
was observed in the study data and should be dealt with in the analysis. Furthermore, the
odds of abstinence corresponding to the four randomization groups are: 3.55 (daily IVR),
2.40 (weekly IVR), 2.52 (daily SMS), and 1.64 (weekly SMS).

The TVEM analysis on daily alcohol consumption estimated both the time-invariant and
time-varying parameters under the binary part (modeling the probability of abstinence) as
well as the Poisson part (modeling the expected quantity). Figure 1 shows the trajectories of
the difference between the daily and weekly groups. Panel (a) characterizes the time-varying
ratio of the odds for abstinence in the daily group to the odds in the weekly group
(calculated as exp (1) ); and Panel (b) depicts the time-varying ratio of expected drinking
quantity in the daily group to the expected quantity in the weekly group (calculated as exp
(2)). When the criterion, 1, (the dotted line) falls out of the 95% confidence interval (the
dash lines), the result indicates that the daily group was different from the weekly group.
Panel (a) shows that the daily group had smaller odds of abstinence (the odds ratio <1) on
Day 2 to Day 8 but such a group difference disappeared in the second week. Similarly, Panel
(b) demonstrates that the daily group had lower expected drinking quantity only from Day 2
to Day 6. Table 1 shows the estimated time-invariant effects of the assessment method and
weekend as well as the estimated variances of random effects under the binary and the
Poisson parts of the TVEM. Based on this table, the assessment method did not have
significant effects on either the probability of abstinence or expected drinking quantity,
whereas the weekend was associated with not only smaller odds for abstinence
[exp(-1.028)=0.36] but also higher quantity [exp(0.175)=1.19]. Moreover, the significant
random effects reflect individual differences in alcohol consumption.

The time-varying and time-invariant effects of the TVEM on marijuana use are presented in
Figure 2 and Table 2, respectively. In Figure 2, Panel (a) characterizes the time-varying ratio
of the odds for abstinence in the daily group to the odds in the weekly group, whereas Panel
(b) depicts the time-varying ratio of the odds for higher use frequency in the daily group to
the odds in the weekly group. The 95% confidence intervals in both panels cover the
criterion, 1, indicating that the daily and the weekly groups were not different in either the
odds for abstinence or the tendency to report higher frequency of marijuana use. Table 2 lists
the estimated time-invariant effects of the assessment method and weekend as well as the
estimated variances of random effects under the binary and the proportional odds parts of the
TVEM. According to Table 2, the IVR group had greater odds for abstinence
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[exp(1.468)=4.34] and yet reported higher frequency [exp(1.653)=5.22] in those days
involving marijuana use. The weekend did not have significant impact on the odds for
abstinence or the frequency of marijuana use. The significant random effects again
demonstrate individual differences in marijuana use.

Discussion

The results showed some evidence of short-term measurement reactivity in daily reports on
alcohol use (defined as significant differences between the daily and weekly groups) during
the first week of assessment, which remitted by the second week. Although the findings
supported the hypothesis that the daily group would consume a lower level of alcohol once
they were engaged in drinking, the findings contradicted the other hypothesis that the daily
group would be more likely to abstain from alcohol. In terms of marijuana use, the daily and
weekly groups did not differ on either the likelihood of abstinence or the consumption level.
That is, the reactivity effect on marijuana use was not evident.

The TVEM method has important strengths that make it possible to conduct fine-grained
analysis on daily diary data. First, it delineates the trajectory of behaviors with
nonparametric functions determined by the data rather than imposes presumed parametric
functions (e.g., linear). This approach is particularly useful for analyzing repeated measures
collected intensively in a short period that are usually not represented well by a simple
shape. Secondly, the TVEM method involving a mixture of zero and a Poisson model (or a
mixture of zero and a proportional odds model) allows researchers to investigate the effect of
measurement reactivity on not only the likelihood of using substances but also the amount of
substance use (measured by quantity or frequency). This approach is particularly applicable
to data collected from the substance abuse field that frequently contain excess zero’s (Buu,
Li, Tan, & Zucker, 2012).

Although the TVEM model found short-term measurement reactivity on alcohol
consumption during the first week, the reactivity effect on marijuana use was not significant.
In fact, a recent study found that in general, alcohol use behaviors tend to fluctuate across
days whereas the pattern of marijuana use is quite consistent over time (Liu, Li,
Zimmerman, Walton, Cunningham, & Buu, 2019). Further, the probability of marijuana use
on an ordinary day was estimated to be very high (>0.6) in comparison to that of alcohol use
in the study sample (Buu, Li, Walton, Yang, Zimmerman, & Cunningham, 2014), suggesting
that this more regular daily behavior may be more difficult to alter. Moreover, the unusually
high odds ratio of abstinence from marijuana on the first day of data collection as
demonstrated in Figure 2 Panel (a) resulted from the greater abstinence rate reported by the
daily groups (41%) in comparison to the rate among the weekly group (14%). This group
difference may be associated with the study protocol requiring that the daily group started
reporting about their behavior from the next day of the baseline assessment, whereas the
weekly group started on Sunday or Monday after the baseline. Because the state law during
the data collection period only legalized medical marijuana, the participants in the daily
group may become so sensitive in the beginning that they hesitated to admit their use on the
day of the baseline assessment. This hypothesis, however, needs to be verified in a future
study.
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Based on the results of TVEM analysis on alcohol consumption, the daily group had smaller
odds of abstinence but lower expected drinking quantity in the first week of assessment,
which dissipated by the second week. Although the hypothesis of measurement reactivity
predicts that self-monitoring of health risk behavior may reduce the behavior, the outcome
measure adopted in the literature varies. Some researchers used a binary outcome indicating
whether the participant was engaged in risk behavior in a day (e.g., Tucker et al., 2012).
Other researchers measured the quantity of substance use in a day (e.g., Helzer et al., 2002).
Thus, the inconsistent findings in the literature could be partly contributed to different
outcome measures. The TVEM model, on the other hand, makes it possible to examine both
types of outcomes simultaneously. Our findings imply that although daily monitoring of
drinking may motivate people to reduce the quantity consumed once they start to drink, it
may also arouse their desire to start drinking. Yet, both of these effects lasted only one week,
as participants accommodated to the monitoring by the second week.

The finding that measurement reactivity was either absent (marijuana use) or short-term
(alcohol consumption) may be disappointing to researchers who are interested in eliciting
behavior changes through daily self-monitoring. Possible explanations of this result include
that (1) the intensity of assessment was relatively low; and (2) feedback was not provided.
For example, ecological momentary assessment (EMA) involving multiple self-reports a day
may be a better alternative to foster behavior changes. In fact, McCarthy, Minami, Yeh, and
Bold (2015) randomized adult daily smokers into low-frequency (once) or high-frequency (6
times) daily EMA for 4 weeks, and found that higher frequency EMA was associated with
lower craving, anxiety, anger, hunger and positive affect, although it was not associated with
abstinence.

Furthermore, feedback is another important factor for promoting behavior changes that is
missing in most daily diary studies including the present study. Newcomb, Swann, Mohr,
and Mustanski (2018) randomized a sample of young men who have sex with men to receive
daily diaries, weekly diaries, or no diaries for 2 months. Half of the diary participants were
also randomized to receive automated weekly feedback that provided graphical presentation
of the risk behavior patterns but no concrete behavior change strategies (i.e., simulating most
publicly available online or mobile app programs). The statistical analysis modeled the day-
to-day changes on alcohol use, binge drinking, marijuana use, drug use, and condomless
anal sex using an intercept and a slope for each behavior outcome. The assessment schedule
only affected the slope of condomless anal sex but not the slopes of any of the substance use
outcomes. Feedback, however, did not have significant effects on the slopes of any of the
risk behaviors. Thus, even supplementing daily diaries with automated feedback on
individual’s risk behavior patterns may not be sufficient for creating meaningful behavior
change. Indeed, it may be necessary to build just-in-time adaptive interventions (JITAIs) into
daily assessments to address alternative motives for use (e.g., mood, social influences) in
order to produce and sustain behavior change (Nahum-Shani et al., 2018).

Our study has some limitations that warrant attention. First, the findings were based on a
community sample of drug users with high proportion of minorities and thus require
validation with other samples, particularly lower risk samples. Although the proposed
TVEM method would still be applicable to lower risk samples because we expect the zero-
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inflation would be even greater among them, it is likely that they may react to daily
assessment of substance use differently. Second, although the average compliance was high
across experimental groups in the first two weeks (Buu et al., 2017), missing assessment
over time (reflected in wider confidence intervals in Week 2) raises concerns about the
validity of the results based on available data points from all the current substance users. Yet,
our sensitivity analysis with only the users who had over 80% compliance rates (finding
similar results) suggests that this may not be a significant problem in our study. Third, our
finding that the daily group had smaller odds of abstinence from drinking but lower expected
drinking quantity in the first week of assessment could potentially reflect different degrees
of recall bias instead of different drinking behaviors between the daily and weekly groups.
Although the literature showed that retrospective reports tend to underestimate alcohol
consumption in comparison to prospective reports (Collins, Graham, Hansen, & Johnson,
1985; Searles, Helzer, Rose, & Badger, 2002), this recall bias was revealed by longer term
retrospective reports with the range of 30 days to 2.5 years. Conversely, the weekly
assessment involved short term retrospective reports that were shown to be highly correlated
with daily reports (Tucker, Foushee, Black, & Roth, 2007). Nevertheless, objective
measurement (e.g., passive sensors) may be used in future studies to confirm whether the
short-term measurement reactivity observed in this study reflects differences in real
behaviors or reporting patterns. Fourth, the observed difference in measurement reactivity
between alcohol and marijuana use could possibly reflect the different aspects of
consumption asked during the experimental period (number of drinks for alcohol vs. number
of times for marijuana). Future studies are needed to overcome the challenge of quantifying
marijuana use using IVR/SMS assessment (Buu, Hu, Pampati, Arterberry, & Lin, 2017).

In spite of the above limitations, our study makes unique contributions to the addiction
literature in several ways. This was the first study to report results using the TVEM method
to examine measurement reactivity in daily diary data in a randomized study. This new
TVEM method allowed us to characterize the trajectories of group differences in not only
the likelihood of using substances but also the amount of substance use. The results indicate
that although daily self-monitoring could have short-term measurement reactivity on
substance use behaviors that tend to fluctuate across days such as alcohol consumption, it
does not affect substance use behaviors that are quite consistent such as marijuana use. For
future daily diary studies designed to investigate the association between alcohol use
behavior and its precursor or consequence, researchers may use the data collected in the first
week with caution as it may be especially susceptible to measurement reactivity. Conversely,
our results also suggest that daily self-monitoring may not be sufficient to promote
sustainable behavior changes. In fact, the literature has suggested better alternative
approaches such as increasing the intensity of assessment beyond once per day or providing
individualized feedback with behavior change strategies.

PROC NLMIXED DATA=final COV;
PARAMETER al=0 a2=0 a3=0 a4=0 a5=0
b1=0 b2=0 b3=0 b4=0 b5=0
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c1=0 c2=0 c3=0 c4=0 c5=0
d1=0 d2=0 d3=0 d4=0 d5=0
el= 0 e2 =0
f1=0 f2=0
gl=0 g2=0
d=1
c=20
VarBinary=1 Varordinal=1 ;
bounds d>0;
/* Define our TVEM model: */
linkp = random_binary +
al*surveydayr_O+a2*surveydayr_1+a3*surveydayr_ 2+ad*surveydayr_3+a5*surveydayr
_4 + /* basis

functions for mu_{female}(t) in binary part */

cl*assessmentschedule*surveydayr_0+c2*assessmentschedule*surveydayr_1+c3*asse
ssmentschedule
*surveydayr_2+c4*assessmentschedule*surveydayr_3+c5*assessmentschedule*survey
dayr_4

+ el*assessmenttype +fl*weekd+gl*assessmentschedule*assessmenttype/* basis
functions for

beta_{male}(t) in binary part */;

/* Logit probability of being a nondrinker */
pO=exp(linkp)/(1+exp(linkp)); /* Probability of being a nondrinker */
mu=c+random_ordinal +

bl*surveydayr_ O+b2*surveydayr_1+b3*surveydayr_ 2+b4*surveydayr_3+b5*surveydayr
_4 + /* basis

functions for mu_{female}(t) in Poisson part */

dl*assessmentschedule*surveydayr_0O+d2*assessmentschedule*surveydayr_l+d3*asse
ssmentschedule
*surveydayr_2+d4*assessmentschedule*surveydayr_3+d5*assessmentschedule*survey
dayr_4
+ e2*assessmenttype +f2*weekd+g2*assessmentschedule*assessmenttype; /* basis
functions for
beta_{male}(t) in Poisson part */

/* Define the ZIP distribution: */

IF potld=0 THEN
11=1og(p0+(1-p0)*(1-1/(1+exp(-5*d - mu))));

ELSE if (potld =1) then 11=log((1-p0))+ log(1/(1+exp(- mu)));
ELSE if (potld =2) then 11=log((1-p0))+ log(l/(1+exp(-d - mu)) - 1/
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(1+exp(= mu)));
ELSE if (potld =3) then 11=log((1-p0))+ log(1/(1+exp(-2*d - mu))-1/
(L+exp(=d - mu)));
ELSE if (potld =4) then 11=log((1-p0))+ log(1/(1+exp(-3*d - mu))-1/
(L+exp(—2*d - mu)));
ELSE if (potld =5) then 11=log((1-p0))+ log(1/(1+exp(-4*d - mu))-1/
(L+exp(=3*d - mu)));
ELSE if (potld =6) then 11=log((1-p0))+ log(1/(1+exp(-5*d - mu))-1/
(L+exp(—4*d - mu)));
MODEL potld~GENERAL(11);
ODS OUTPUT ParameterEstimates=MyParams FitStatistics=MyFitStatistics
CovMatParmest=MyCov;
RANDOM random binary random ordinal ~ NORMAL([O0,0], [VarBinary,
0,Varordinal])
SUBJECT=subjid;
RUN;
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Highlights
. Time-varying effect modeling is a useful method to study measurement
reactivity.
. Daily monitoring of drinking only had short-term reactivity in the first week.
. Daily monitoring of marijuana use did not have significant measurement
reactivity.
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(b) Poisson part: quantity
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Figure 1.

The time-varying difference between daily and weekly groups in alcohol use likelihood and

quantity (the weekly group is the reference group).
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Figure 2.

The time-varying difference between daily and weekly groups in marijuana use likelihood

and frequency (the weekly group is the reference group).
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The time-invariant effects in the time-varying effect model (TVEM) for alcohol consumption based on diary

data.

Coefficient ~ Standard error  p-value

Binary part: modeling probability of abstinence

IVR (1) vs. SMS (0): 71 -0.665 0.410
Weekend (1) vs. weekday (0): 1, -1.028 0.233
Random effect: a; 3.234 0.768

Poisson part: modeling quantity when engaging in drinking

IVR (1) vs. SMS (0): y21 -0.273 0.201
Weekend (1) vs. weekday (0): 72 0.175 0.073
Random effect: b; 0.642 0.133

0.108
<.001
<.001

0.177
0.018
<.001
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The time-invariant effects in the time-varying effect model (TVEM) for marijuana use based on diary data.

Coefficient Standard error p-value

Binary part: modeling probability of abstinence
IVR (1) vs. SMS (0): 711 1.468 0.560 0.010
Weekend (1) vs. weekday (0): y1» -0.143 0.202 0.481
Random effect: &; 8.666 1.710 <.001
Proportional odds part: modeling frequency when engaging in marijuana use
Intercept of weekly group:

the baseline: &, a -2.964 0.429 <.001

the increment: da 2.223 0.067 <.001
IVR (1) vs. SMS (0): 71 1.653 0.601 0.007
Weekend (1) vs. weekday (0): y2, -0.149 0.142 0.297
Random effect: b; 11.767 1.792 <.001

aThe intercept term for the lowest ordinal category: — €p; the intercept terms for higher ordinal categories: — 6/= - (&g + /d), /=1,...,5.
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