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Background: Self-reported consumption is pervasive in alcohol research, though retrospective recall
bias is a concern. Fine-grained methods are designed to limit retrospection; yet, discrepancies can arise
when comparing responses on fine-grained surveys with responses to retrospective surveys across weeks
or months. Many fine-grained studies use both repeated daily surveys (RDS) and end-of-day (EOD)
summaries, but little research has examined whether these survey types are consistent. The purpose of
this study was to quantify the magnitude and directionality of discrepancy between EOD summaries
and RDS and identify alcohol-related predictors of discrepancy.

Methods: As a part of a larger study, college student alcohol and cannabis users (N = 341; 53%
women; Mage = 19.79 years) were recruited to complete 56 days of data collection, including 5 daily
assessments of their substance use and related constructs, one of which included an EOD summary of
the previous day. Generalized linear mixed-effects models were used to examine between- and within-
person predictors of a 5-category, discrepancy outcome: no discrepancy, low discrepancy where
RDS < EOD, low discrepancy where EOD < RDS, high discrepancy where RDS < EOD, and high
discrepancy where EOD < RDS.

Results: Discrepancies between EOD and RDS were observed in both directions. Alcohol problems
predicted more alcohol consumption reported on the EOD survey than across RDS. Within-person
alcohol quantity and hourly rate of consumption were most strongly related to less alcohol consump-
tion reported on the EOD survey. Between- and within-person peak subjective intoxication and within-
person liquor consumption were associated with discrepancies in both directions.

Conclusions: Surveys requiring more retrospection may overestimate alcohol consumption in prob-
lematic drinkers and underestimate consumption on days where more alcohol is consumed than typical.
Evidence also suggests that greater day-to-day instability in alcohol behavior is linked to less consistent
reporting overall. More research is needed to discern factors contributing to inconsistent reporting on
fine-grained surveys to maximize the validity of reports.

Key Words: Daily Diary, Self-Report Discrepancy, Ecological Momentary Assessment, Alcohol,
College Students.

ALCOHOL RESEARCH RELIES heavily on the valid-
ity of self-reported consumption, and the validity of

this approach has been established (Glovannucci et al., 1991;
Simons et al., 2015). Despite the advantages of self-report
approaches (e.g., convenience, low cost, and low burden),
retrospective recall bias is a concern. Indeed, fine-grained
methods to assess alcohol consumption, such as experience
sampling methods, like ecological momentary assessment

(EMA), attempt to mitigate this concern by limiting the time
period over which individuals are asked to recall their alco-
hol involvement (Shiffman, 2009; Shiffman et al., 2008; Wray
et al., 2014). To maximize sensitivity of reports, studies often
incorporate both “real-time” and delayed (e.g., next-day
summary reports) assessments for the same day (e.g., Monk
et al., 2015; see Stone and Shiffman, 2002).

This approach of retrospectively assessing 1 day of behav-
ior is known as an end-of-day (EOD) summary (Shiffman,
2009). The EOD summary is attractive because it is compar-
atively less burdensome to participants, and it provides the
opportunity to detect additional drinks not reported in real-
time assessments. However, there is potential for these 2 self-
reported assessments to be discrepant which is problematic
in terms of establishing validity of the drinking outcome
(Shiffman et al., 2008; Stone and Shiffman, 2002). Logically,
number of drinks reported at the EOD summary should be
equal to or greater than a count of real-time EMA drink
reports. Alternately, the EOD summary may underestimate
the number of prior-day drinks due to retrospection error.
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Few studies have examined comparisons between EOD sum-
mary self-reports and real-time self-reports, despite many
studies incorporating both approaches to assess alcohol and
other substance use (e.g., Carney et al., 2000; Kiene et al.,
2009; Patterson et al., 2019). Thus, the purpose of the present
study was to quantify the directionality and magnitude of
discrepancy between repeated daily surveys (RDS) and EOD
summary reports, corresponding to the same day of behav-
ior, and to examine both between- and within-person predic-
tors of this discrepancy.
Technological advances in alcohol research have engen-

dered myriad advances in the field, particularly with the
opportunity to assess dynamic relations with minimal retro-
spective recall bias (i.e., EMA; Shiffman, 2009; Shiffman
et al., 2008; Wray et al., 2014). EMA approaches are
designed to reduce the possibility of retrospective recall bias
that is often associated with self-report measures by: (i) col-
lecting self-report data that are frequent and/or labile in real-
world contexts; (ii) assessing individuals based on their recent
and/or current behaviors (e.g., alcohol use) and experiences;
(iii) completing repeated assessments over time; and (iv) uti-
lizing random and/or event-contingent prompts (Shiffman
et al., 2008; Stone and Shiffman, 1994; Stone and Shiffman,
2002; Trull and Ebner-Priemer, 2009; Wray et al., 2014).
Extant research indicates significant discrepancies between
self-reports collected retrospectively over weeks or months
(e.g., timeline followback) and real-time assessments of
mood, behavior, and mental health symptoms (e.g., Shiffman
et al., 1997; Wray et al., 2016; see Solhan et al., 2009), with a
general consensus that real-time assessments are more reli-
able and valid than retrospective reports (Hufford, 2007;
Trull and Ebner-Priemer, 2009).
Discrepancies between reporting substance use behavior

on self-reports requiring retrospection across weeks or
months versus real-time self-reports are well-established
(e.g., Carney et al., 1998; Dulin et al., 2017; Feunekes et al.,
1999; Griffith et al., 2009; Leigh et al., 1998; Monk et al.,
2015; Rowe et al., 2016; Shiffman et al., 1997; Simpura and
Poikolainen, 1983), and there are many factors that can con-
tribute to this discrepancy. Importantly, the process by
which individuals retrospectively estimate the frequency or
intensity of a behavior or experience is complex and is influ-
enced by a variety of heuristics (see Gorin and Stone, 2001).
For example, individuals’ retrospective responses may be
influenced by the context at the time of the assessment (Shiff-
man et al., 2008). This may be particularly important for
substance use research, as situational contexts and cues aid
in accurate reporting of use behavior (Godden and Baddeley,
1975; Shiffman, 2009). Further, retrospective recall is also
influenced by individuals’ variability in behavior, such that
individuals with more inconsistent behavior (e.g., less pat-
terned and more variable alcohol consumption) tend to be
less consistent in their reports (Gmel and Daeppen, 2007;
Perrine and Schroder, 2005; Solhan et al., 2009). Though evi-
dence comparing aggregate retrospective self-report and
real-time self-report via EMA points to significant

discrepancy, many comparisons between these 2 approaches
(e.g., Dulin et al., 2017) are limited by utilizing between-per-
son analyses that neglect intraindividual variability in recall
bias across an assessment window (Curran and Bauer, 2011;
Shiffman et al., 2008).
Recent research in this area has started examining discrep-

ancies in real-time self-reports at the daily level (i.e., within-
person) rather than the aggregate level (i.e., between-person).
For example, Rowe and colleagues (2016) used generalized
estimating equations accounting for the clustering of assess-
ments between persons and examined the concordance of
alcohol and illicit substance use reported on a 14-day recall
survey vs. EOD summary responses reflecting their behavior
on the previous day. Findings showed that alcohol use was
reported more frequently on EOD summary responses (vs.
14-day recall) and that binge drinking was associated with a
lower concordance between the 2 approaches (Rowe et al.,
2016). Despite the strengths of this approach, this study did
not consider the direction or the magnitude of the discrep-
ancy and instead used a binary (i.e., yes vs. no) assessment of
the concordance between the 2 approaches. Further, EOD
summaries, in addition to the 14-day recall survey, require
some degree of retrospection; thus, little is known about the
within-person concordance between EOD summaries and
EMA surveys.
Only one study, to our knowledge, has examined the dis-

crepancy between EMA surveys and EOD summary reports,
which requires retrospection across 1 day. Specifically,
Monk and colleagues (2015) found that alcohol type (e.g.,
beer, wine, and spirit) was the only significant predictor of a
daily difference score between EMA surveys and EOD sum-
mary reports in a sample of 69 adults (Mage = 21.47). Inter-
estingly, situational contexts (e.g., at a bar/club/pub) and
alcohol-related problems were not significantly related to a
drinking report discrepancy across 1 day. This landmark
study used data from the first day of the EMA study where
drinking was reported and subsequently assessed every hour
for each participant. However, this study did not consider
the magnitude of the discrepancy, restricting conclusions
that can be drawn regarding how discrepancies fluctuate
intraindividually across time.

Current Study

Building on prior research in this area, the purpose of this
study was to examine the magnitude and directionality of
discrepant drinking reports using an approach that disentan-
gles between- and within-person effects in a large daily diary
sample of college students spanning 56 days of assessment
with 5 repeated assessments per day (RDS) and an EOD
summary report each day. To our knowledge, we are the first
to consider both the discrepancy magnitude (i.e., the abso-
lute difference in the number of drinks reported on EOD
summary vs. RDS) and directionality (i.e., RDS < EOD
summary vs. EOD summary < RDS) when comparing EOD
summaries and RDS reflecting substance use behavior on the
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same day. We first sought to evaluate the degree to which
between-person alcohol use characteristics (i.e., Alcohol Use
Disorders Identification Test [AUDIT]; average alcohol
quantity) and sociodemographic (e.g., sex) and contextual
(i.e., day of the week) predictors were related to discrepant
drinking reports (Aim 1). We hypothesized that higher
AUDIT scores and greater alcohol quantity aggregated
across the study would be associated with drinking report
discrepancies (vs. no discrepancy); relationships between pre-
dictors and the magnitude and directionality of these discrep-
ancies were exploratory. We then sought to test whether
characteristics of alcohol use on a given day (i.e., total num-
ber of drinks, peak hourly drinking rate, peak subjective
intoxication, and consuming liquor) were related to dis-
crepant drinking reports while disentangling between- and
within-person effects and adjusting for covariates (Aim 2).
Although we hypothesized that these between- and within-
person characteristics of drinking would relate to drinking
report discrepancy, findings from the analyses of these
understudied predictors should be considered exploratory.
Data were drawn from a parent study examining simultane-
ous alcohol and cannabis use; thus, cannabis use on a given
day was included as a covariate in all models.

MATERIALS ANDMETHODS

Design and Sample

Screening Survey. Full-time students between ages 18 and
24 years were recruited from universities in 3 states with varying
recreational cannabis policies to participate in a larger parent study
on simultaneous alcohol and cannabis use. Eight thousand students
were randomly chosen from each university’s registrar database
stratified by expected year of graduation (total N = 24,000) and
were emailed an invitation to participate in an online screening sur-
vey. Screening completers (N = 7,000), relative to noncompleters,
included more women, more White students, fewer Black students,
more Asian students, more Hispanic/Latinx students, and more
younger students (i.e., ages 18–21). Nonetheless, effects sizes were
small (i.e., Cohen’s h = 0.07–0.26). Of those screened as a part of
the parent study, 2,874 (41.1%) were deemed eligible to participate
based on age (i.e., 18–24), being enrolled full-time, and endorsing
past-year alcohol and cannabis use. Students who completed the
screening survey were eligible for a lottery to win $100. See White
and colleagues (2019) and Appendix S1 for further details regarding
screening for the parent study.

Baseline Survey. Of those eligible for the larger parent study, a
random sample of 2,501 students stratified by university was invited
via email to participate in the baseline survey, and 1,524 (60.9%) of
invitees completed the baseline survey. Of these, 1,390 (91.2%) were
retained in analyses after excluding students who provided
responses inconsistent with baseline survey eligibility criteria (see
above) or whose surveys had technical problems. Students reporting
past-month alcohol and cannabis use were oversampled. See White
and colleagues (2019) and Appendix S1 for further details regarding
the baseline survey of the parent study.

Daily Survey. Of those who completed the baseline survey, 693
used alcohol and cannabis at the same time “so that their effects
overlapped” within the past month, making them eligible to partici-
pate in the daily phase of the study. In this phase, repeated daily

surveys (RDS) were completed 5 times per day using a custom
smartphone application. Daily survey recruitment was stratified
based on frequency of past-month simultaneous use and sex to
ensure roughly equal numbers of men and women and to oversam-
ple frequent simultaneous users. Daily data collection directly fol-
lowed the longer surveys (baseline and 3-month follow-up) and
comprised 28 days of RDS at each burst (56 total days) prompted
at 9:00 am, 2:00 pm, 5:00 pm, 8:00 pm, and 11:00 pm. At the 9:00
am survey, participants were also asked additional questions retro-
spectively assessing yesterday’s behavior through bedtime (i.e.,
EOD summary report), in addition to the RDS questions assessed
at each subsequent survey. Participants were provided 4 hours to
complete the 9:00 am survey and 2 hours to complete 2:00 pm, 5:00
pm, 8:00 pm, and 11:00 pm surveys. Reminders were provided to
participants 15 minutes before the survey closed. See Appendix S1
for additional details regarding the daily phase of the parent study.
See Fig. S1 for a flow chart of data collection for the parent study
summarized above (adapted from Sokolovsky et al., 2020).

We retained data from 54 study days due to technological diffi-
culties during the first 2 days of the study. The daily phase of the
study included 343 participants; 2 participants only completed the
first 2 days of data collection resulting in our final sample of 341
students. Among these students (53% women,M age = 19.79; 74%
White; 10% Hispanic/Latinx), 32.3% of students were from School
A (in a state where recreational cannabis use is illegal), 34.1% from
School B (in a state where recreational cannabis use is decriminal-
ized), and 33.5% from School C (in a state where recreational can-
nabis use is legal for adults 21 and older).1 Participants were
compensated $25 for the baseline survey, $35 for the follow-up sur-
vey, and $1 for each completed daily survey, with weekly and overall
bonuses. Aggregated across the 5 RDS, mean RDS compliance
equaled 88.4%, and mean EOD summary compliance equaled
81.9%. Both compliance rates exceed the pooled compliance rate
shown in a recent meta-analysis on EMA and substance use (Jones
et al., 2019). As a part of the parent study, all participants were
trained on standardized drink equivalences set forth by the National
Institute of Alcoholism and Alcohol Abuse (NIAAA, 2007). All
procedures were approved by the coordinating university’s Institu-
tional Review Board. A Certificate of Confidentiality was obtained
from the National Institute on Drug Abuse.

Measures

Participants provided demographic information at the baseline
survey, including age, sex, race, ethnicity, and fraternity/sorority
affiliation status.

Baseline Survey. Alcohol Use Disorders Identification Test
(AUDIT) was used to assess alcohol-related problems at baseline
using a 10-item self-report measure (Babor et al., 2001). AUDIT
scores ranged from 0 to 32, in this sample, with higher scores reflect-
ing higher past-year alcohol-related problems (a=.74).

EOD Summary Report. Daily Reports of Alcohol Quantity. Each
morning, participants were presented a sliding scale ranging from
<1 to 15+ and were asked to recall their drinking levels from the
prior day. Specifically, they were asked, “How many drinks did you
consume in total between the time you woke until the time you went
to bed yesterday?” This EOD summary report occurred at the 9:00
am survey reflecting yesterday’s behavior.

1Descriptive information is provided for the full daily sample. To achieve

study aims, we pared down the full daily sample, as described in the Analytic

Strategy, to the “restricted daily sample.” Descriptive statistics for the

restricted daily sample (used in analyses) are provided in Table 1 alongside

those for the full daily sample for comparison.

1470 STEVENS ET AL.



Repeated Daily Survey (RDS). Peak Subjective Intoxication. At
each of the 5 RDS, participants reported their subjective effects
from alcohol on a graphical interface, with anchors for not at all
drunk, a little drunk, moderately drunk, and very drunk; the maxi-
mum subjective intoxication for a given person on a given day was
their highest rating reported across RDS, ranging from 0 (not at all
drunk) to 3 (very drunk). Quantity of Alcohol Consumption. Partici-
pants indicated the number of drinks using the same graphical inter-
face, tapping the screen for each drink consumed since their last
RDS. The sum of drinks reported at each completed RDS deter-
mined the total drinks reported across RDS that day. (See
Appendix S1 for screenshots of this graphical interface.) Peak
Hourly Drinking Rate. Peak hourly drinking rate was defined by
computing the maximum number of drinks consumed within
1 hour on a given day for a given person. Liquor Consumption. At
each RDS following endorsement of alcohol use, participants were
asked, “What type of alcohol had you been drinking between X and
Y?” Options included “beer” (no/yes), “wine” (no/yes), “liquor”
(no/yes), and “beer alternative” (no/yes). Cannabis Product (covari-
ate). At each RDS survey following endorsement of cannabis use,
participants were asked, “In what form was the marijuana you used
between X and Y?” Options included “dry leaf” (no/yes), “concen-
trate” (no/yes), and “edible” (no/yes). On days when cannabis use
was not endorsed, values for leaf, concentrate, and edible cannabis
were recoded as “no” (0).

Analytic Strategy

Data management and coding were conducted in R version 3.6.0
(R Core Team, 2013) and SAS 9.4TM software (SAS Institute Inc.,
2012). For the present investigation, all RDS were aggregated to the
daily level to match the level of analysis (daily) of the EOD sum-
maries. Observations were lagged such that EOD summaries and
RDS reflected the same assessment day (nobservations = 15,798). The
data were restricted to drinking days reported on RDS and EOD
summaries (ndrinking days = 3,818; 24% of original observations).
Daily observations were excluded if 2 adjacent RDS were missed
which would result in an incomplete coverage of the survey day (n
excluded = 841 observations). A subset of daily data was also
excluded from analyses due to technological errors during data col-
lection (n excluded = 130 observations). Due to concerns about reli-
ability of reports of excessive consumption that might unduly
influence our study findings, daily observations exceeding 15 drinks
were capped at 15 drinks (n truncated = 100 observations), which is
consistent with prior work (O’Grady et al., 2011). (See Fig. S2 for a
flow chart of data selection from the full daily sample to the
restricted sample.)

Of the 2,8472 observations retained in analyses (henceforth
referred to as the restricted sample), 46.05% (n = 1,311) were not
discrepant such that the number of drinks reported across RDS on
a given day for a given person was identical to the number of drinks
reported on the EOD summary. A quarter (n = 707; 24.83%) of
observations were discrepant by 1 drink in either direction (i.e.,
alcohol consumption reported on the EOD summary exceeded alco-
hol consumption reported across RDS vs. alcohol consumption
reported on the EOD summary was lower compared to alcohol con-
sumption reported across RDS). For observations where alcohol

use reported on the EOD summary exceeded alcohol use reported
across RDS, the number of discrepant drinks in a day ranged from
1 to 9. For observations where total number of drinks reported
across RDS exceeded alcohol use reported on the EOD summary,
the number of discrepant drinks ranged from 1 to 14. The median
absolute difference between discrepant RDS and EOD summaries
equaled approximately 1 drink. Thus, to quantify both the magni-
tude and the direction of discrepant observations, we created a
dependent variable with 5 categories using a median split. Cate-
gories included (1) no discrepancy (46%); (2) RDS < EOD by 1
drink (“low”; 11%); (3) EOD < RDS by 1 drink (“low”; 14%); (4)
RDS < EOD by 2 or more drinks (“high”; 8%); and (3)
EOD < RDS by 2 or more drinks (“high”; 22%) (see Fig. S3).3

To determine the effects of between- and within-person predictors
on repeated discrepant observations (level-1) nested within partici-
pants (level-2), 5 generalized linear mixed-effects models (GLMMs)
were conducted using PROC GLIMMIX in SAS using Laplace
approximation given the multinomial nature of the outcome (Hede-
ker, 2005). GLMMs, an extension of multilevel modeling, are neces-
sary to account for clustering that is inherent for nested data
(repeated days at level-1 nested within participants at level-2), which
would violate the assumption of independent errors in ordinary
least squares regression (Curran and Bauer, 2011; Hox et al., 2017;
Raudenbush and Bryk, 2002; Singer, 1998).4 For Aim 1, we exam-
ined a multivariate model containing between-person sociodemo-
graphic characteristics (i.e., age, sex, school, and fraternity/sorority
status), between-person alcohol consumption (baseline AUDIT
score and total number of daily drinks reported across RDS aver-
aged across the 54 study days), and day of the week (i.e., weekday
[Sunday–Thursday = 0] vs. weekend [Friday–Saturday = 1]) to pre-
dict discrepant grouping (0 = reference group).5 We adjusted for
cannabis use products in the Aim 1 model. All continuous predic-
tors were grand-mean-centered for Aim 1.

For Aim 2, 4 additional models evaluated between- and within-
person alcohol-related predictors reported on RDS: total number of
drinks, peak hourly drinking rate, peak subjective intoxication, and
consuming liquor (1 = yes, 0 = no). Between-person and within-
person effects of daily-level predictors were disaggregated in each of
these 4 models. For continuous daily-level predictors, within-person
variations were assessed by creating a person-centered variable (e.g.,
each individual’s daily alcohol quantity was centered around their
own average level of alcohol quantity across days), such that a

2Despite paring down observations from the parent study for our specific

analyses in the present study, with 2,847 observations across 310 participants,

we had adequate power to detect significant effects. Simulation studies indi-

cate sufficient power to provide unbiased parameter estimates when level-2

units are approximately 100 and when level-1 units are large (≥ 18; (Maas

and Hox, 2005; Mathieu et al., 2012); our restricted sample far exceeds these

recommendations (i.e., 310 participants with an average of 38 level-1 units

[SD = 14] for each participant).

3Other similar works examining discrepancies between retrospective and

real-time reports (e.g., Dulin et al., 2017; Monk et al., 2015) have used a dif-

ference score as the outcome. The authors considered this approach, which

yielded a zero-inflated overdispersed outcome, to be best suited for a zero-in-

flated negative binomial distribution. Considering that the directionality of

the discrepancy could be positive or negative (i.e., EOD < RDS vs.

RDS < EOD), this difference score also contained negative values, which is

prohibited by negative binomial regression (see Cameron and Trivedi, 1986;

Agresti, 2002). However, an absolute value of this difference score would

obscure the directionality of the discrepancy. Thus, we created a 5-level

multinomial outcome to examine both the directionality and the magnitude

of the discrepancy.
4There are limited documented procedures for calculating an intraclass corre-

lation coefficient (ICC) when using generalized linear mixed models with a

multinomial outcome (Nakagawa et al., 2017; Sommet and Morselli, 2017).

When treating our outcome variable as dichotomous (i.e., discrepancy vs. no

discrepancy), the ICC is equal to 0.114, which indicates 11% of the variance

occurs at the between-person level. This indicates significant clustering that

would violate assumptions of OLS regression. Thus, multilevel modeling is

needed in this case to avoid drawing erroneous conclusions (Curran and

Bauer, 2011; Hox et al., 2017; Raudenbush and Bryk, 2002; Singer, 1998).
5Note that previous analyses of these data indicate that drinking quantity on

Thursdays is closer to weekday than weekend amounts
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positive (or negative) value for alcohol quantity, for a given person
on a particular day, reflected above (or below) average alcohol
quantity (Curran and Bauer, 2011; Raudenbush and Bryk, 2002).
Between-person variations were constructed by centering a given
individual’s overall mean around the sample grand mean (Curran
and Bauer, 2011). For categorical predictors (i.e., any daily liquor
endorsement), the between-person effect was constructed by calcu-
lating a proportion of study days where liquor was endorsed for
each person. A random intercept was included in all models. Aim 2
models adjusted for day of the week, cannabis use mode, age, sex,
and school. In all models, odds ratios were determined to be signifi-
cantly larger than others if their 95% confidence intervals did not
overlap (Cumming and Finch, 2005).

RESULTS

See Table 1 for descriptive statistics of the full study sam-
ple and the restricted sample (used in all analyses in the pre-
sent study). Using logistic regression to predict participants
being excluded from analyses, higher AUDIT scores, more
frequent liquor consumption, lower daily alcohol quantity,
lower peak subjective intoxication, less frequent leaf/concen-
trate/edible cannabis use, and no fraternity/sorority affiliation
were associated with increased odds of being excluded from
the present analyses. See Table 2 for drinking report discrep-
ancy descriptive statistics for the restricted sample overall and
by age, sex, race, and fraternity/sorority affiliation status.

Aim 1: Average Alcohol Use and Alcohol Problems

As shown in Table 3, baseline AUDIT scores were associ-
ated with significantly greater odds of a low RDS < EOD

(vs. no discrepancy) and a high RDS < EOD (vs. no discrep-
ancy) but not low or high EOD < RDS. Alcohol quantity
averaged across study days was also linked to significantly
greater odds of a low RDS < EOD, high RDS < EOD, and
a high EOD < RDS as compared to no discrepancy. This
effect did not disentangle the between-person and within-per-
son effects of alcohol quantity (see below). Weekend (vs.
weekday) and leaf cannabis use (vs. not) were associated with
all discrepancy categories. Being male was linked to lower
odds of a high EOD < RDS (see Table 3).

Aim 2: Between- and Within-Person Alcohol-Related
Predictors

Model 1: Alcohol Quantity. After adjusting for age, sex,
school, day of the week, and cannabis use products,
between-person alcohol quantity was associated with each
drinking report discrepancy category when compared to no
discrepancy (see Table 4). That is, heavier drinkers were less
“consistent” in both directions. Likewise, a within-person
positive variation in alcohol quantity (relative to each per-
son’s mean) was linked to greater odds of a low
EOD < RDS, high RDS < EOD, and high EOD < RDS all
compared to no discrepancy, with the largest effect for high
EOD < RDS (OR = 1.82). Leaf cannabis use was associated
with greater odds of all discrepancy categories, whereas
weekend (vs. weekday) and being male were linked to lower
odds of a high EOD < RDS (see Table S1).

Model 2: Peak Hourly Drinking Rate. At the between-
person level, peak hourly drinking rate was associated with
greater odds of all discrepancy categories, with the largest
effect for high EOD < RDS (OR = 2.25) after adjusting for
covariates. Within-person positive variations in peak hourly
drinking rate were linked to greater odds of all drinking
report discrepancy categories. The largest effect was found
for high EOD < RDS (OR = 2.25) after adjusting for
covariates (see Table 4). Leaf cannabis use was linked to
greater odds of all discrepancy categories. Use of cannabis
concentrates was linked to greater odds of high
EOD < RDS. Weekend (vs. weekday) was associated with
greater odds of high RDS < EOD and high EOD < RDS
(see Table S2).

Model 3: Subjective Intoxication. Between-person subjec-
tive intoxication was significantly related to greater odds of
all drinking report discrepancy categories after adjusting for
covariates, with comparable effects. Likewise, within-person
positive variations in subjective intoxication were linked to
significantly greater odds of all drinking report discrepancy
categories, with comparable effects (see Table 4). Weekend
(vs. weekday) was associated with greater odds of high
RDS < EOD and high EOD < RDS, and leaf cannabis use
was related to low RDS < EOD. Being younger was linked
to lower odds of high EOD < RDS (see Table S3).

Table 1. Demographic and Alcohol-Related Characteristics of Full Study
Sample and Restricted Sample

Variable

M (SD) or %

Full sample
N = 341
n = 15,798

Restricted samplea

N = 310
n = 2,847

Age 19.79 (1.31) 20.11 (1.32)
Sex (female) 52.60% 49.77%
White 73.80% 78.61%
Hispanic/Latinx 9.80% 7.80%
Fraternity/sorority 29.40% 36.32%
AUDIT 9.50 (5.11) 10.35 (5.04)
Daily alcohol quantityb 1.28 (2.90) 5.03 (2.23)
Daily peak hourly drinking rateb 0.66 (0.01) 2.56 (0.98)
Daily peak subjective effectsb 0.94 (0.01) 1.72 (0.61)
Daily liquor consumptionb 53.35% 52.27%
Daily leaf cannabis useb 31.19% 42.08%
Daily cannabis concentrate useb 9.22% 13.87%
Daily edible cannabis useb 1.77% 2.49%

AUDIT, Alcohol Use Disorders Identification Test;N, number of persons;
n, number of daily observations.

aRestricted sample is limited to observations on end-of-day (EOD) sum-
mary reports and repeated daily surveys (RDS) endorsing any alcohol con-
sumption and excludes daily observations where technological errors
occurred and where 2 or more surveys in a row were missed. See Fig. S2
for a full description of data selection from the full daily sample to the
restricted sample used in analyses.

bReported on RDS.
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Model 4: Liquor Consumption. Within-person liquor
consumption was significantly associated with greater odds
of low RDS < EOD, high RDS < EOD, and high
EOD < RDS after adjusting for covariates, with comparable
effects (see Table 4). Between-person liquor consumption
was not significantly linked to drinking report discrepancy
categories. Leaf cannabis use was linked to greater odds of
all discrepancy categories, and use of cannabis concentrates
was associated with greater odds of high EOD < RDS.
Weekend (vs. weekday) was related to greater odds of low
EOD < RDS, high RDS < EOD, and high EOD < RDS,
whereas being younger was linked to lower odds of high
EOD < RDS (see Table S4).

DISCUSSION

The present study was the first, to our knowledge, to: (i)
quantify both the direction and the magnitude of the

discrepancy between alcohol use reported on EOD summary
reports (requiring 1 day of retrospection) compared with that
reported onRDS (with less retrospection) that reflect the same
day of behavior, and (ii) examine alcohol-related predictors of
this discrepancy while disentangling between- and within-per-
son effects and adjusting for relevant covariates. Importantly,
observations were largely consistent when comparing RDS
and EOD summary responses, with 71% of observations
varying by 1 drink or less. Of the discrepant observations,
findings suggest a discrepancy in both directions (i.e.,
RDS < EOD vs. EOD < RDS) of varying magnitude (i.e., 1
drink, or a “low” discrepancy vs. 2 or more drinks, or a “high”
discrepancy). Consistent with hypotheses, between- and
within-person alcohol-related predictors were associated with
drinking report discrepancies in both directions. Though con-
sidered exploratory, we also found evidence that some predic-
tors were differentially related to the direction of the
discrepancy and/or the magnitude of the discrepancy.

Table 2. Drinking Report Discrepancy Descriptive Statistics

No discrepancy
n (%)

Low RDS < EOD
n (%)

Low EOD < RDS
n (%)

High RDS < EOD
n (%)

High EOD < RDS
n (%)

Restricted sample 1311 (46.05%) 308 (10.82%) 399 (14.01%) 217 (7.62%) 612 (21.50%)
Age 21+ 598 (49.50%) 139 (11.51%) 179 (14.82%) 84 (6.95%) 208 (17.22%)
Age < 21 713 (43.50%) 169 (10.31%) 220 (13.42%) 133 (8.11%) 404 (24.65%)
Female 654 (46.15%) 139 (9.81%) 210 (14.82%) 105 (7.41%) 309 (21.81%)
Male 657 (45.94%) 169 (11.82%) 189 (13.22%) 112 (7.83%) 303 (21.19%)
White 999 (44.64%) 250 (11.17%) 306 (13.67%) 186 (8.31%) 497 (22.21%)
Non-White 312 (51.23%) 58 (9.52%) 93 (15.27%) 31 (5.09%) 115 (18.88%)
Frat/Sor Affiliated 446 (43.13%) 111 (10.74%) 132 (12.77%) 103 (9.96%) 242 (23.40%)
Nonaffiliated 865 (47.71%) 197 (10.87%) 267 (14.73%) 114 (6.29%) 370 (20.41%)

n = 2,847. “Low” refers to a discrepancy by 1 drink. “High” refers to a discrepancy by 2 or more drinks. RDS < EOD reflects that alcohol quantity
reported on the end-of-day (EOD) summary survey exceeded the alcohol quantity reported across repeated daily surveys (RDS). EOD < RDS reflects
that alcohol quantity reported across RDS exceeded the alcohol quantity reported on the EOD summary survey. Frat/Sor = fraternity/sorority. Percent-
ages were computed separately for each row.

Table 3. Average Alcohol Use and Problems as Predictors of Drinking Report discrepancy

Predictors

Drinking report discrepancy groups

Low RDS < EOD Low EOD < RDS High RDS < EOD High EOD < RDS
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

AUDIT 1.04 (1.02, 1.07) 1.01 (0.98, 1.04) 1.06 (1.02, 1.11) 1.02 (1.00, 1.05)
Alcohol quantity 1.11 (1.04, 1.19) 1.06 (0.99, 1.14) 1.23 (1.12, 1.35) 1.42 (1.33, 1.51)
Leaf 1.83 (1.42, 2.37) 1.54 (1.21, 1.95) 1.94 (1.39, 2.72) 1.95 (1.55, 2.45)
Concentrate 1.20 (0.83, 1.73) 1.02 (0.71, 1.45) 1.17 (0.72, 1.87) 1.30 (0.95, 1.79)
Edible 1.54 (0.73, 3.23) 1.19 (0.56, 2.49) 1.03 (0.34, 3.13) 1.13 (0.56, 2.27)
Age 1.00 (0.90, 1.10) 0.97 (0.88, 1.07) 0.90 (0.78, 1.04) 0.91 (0.83, 1.00)
Male 1.04 (0.80, 1.36) 0.85 (0.66, 1.09) 0.93 (0.64, 1.36) 0.74 (0.58, 0.94)
Non-White 0.86 (0.62, 1.21) 1.07 (0.79, 1.44) 0.76 (0.46, 1.26) 0.99 (0.74, 1.34)
School (A) 1.02 (0.74, 1.42) 1.20 (0.89, 1.63) 0.82 (0.50, 1.34) 0.97 (0.72, 1.31)
School (B) 1.18 (0.86, 1.62) 1.22 (0.90, 1.66) 1.29 (0.83, 2.02) 0.98 (0.73, 1.31)
Frat/Sor 0.93 (0.71, 1.23) 0.92 (0.70, 1.20) 1.29 (0.88, 1.91) 0.97 (0.75, 1.25)
Weekend 1.38 (1.07, 1.78) 1.34 (1.06, 1.69) 1.96 (1.43, 2.67) 1.83 (1.47, 2.26)

n = 2,897. AIC = 7556.10; BIC = 7761.43; �2 log-likelihood = 7179.26. No drinking report discrepancy is the reference group for the 5-level multino-
mial outcome. “Low” refers to a discrepancy by 1 drink. “High” refers to a discrepancy by 2 or more drinks. RDS < EOD reflects that alcohol quantity
reported on the end-of-day (EOD) summary survey exceeded the alcohol quantity reported across repeated daily surveys (RDS). EOD < RDS reflects
that alcohol quantity reported across RDS exceeded the alcohol quantity reported on the EOD summary survey. OR = odds ratio. AUDIT = Alcohol Use
Disorders Identification Test; Leaf = leaf cannabis use (yes/no); Concentrate = concentrated cannabis use (yes/no); Edible = edible cannabis use (yes/
no); Frat/Sor = fraternity/sorority affiliation. AUDIT, alcohol use, and age are grand-mean-centered. Statistically significant effects determined by 95%
CIs around the OR that do not overlap the value 1.00 are in bold typeface.
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Aim 1: Average Alcohol Use and Alcohol Problems

As expected, baseline AUDIT scores and alcohol quantity
aggregated across all study days were both associated with
drinking report discrepancy. Specifically, AUDIT scores
were linked to greater odds of reporting more alcohol con-
sumption on the EOD summary compared with that
reported across RDS of both low and high magnitudes. This
same finding was not statistically significant in a similar
study by Monk and colleagues (2015), though important
methodological differences may contribute to these differ-
ences in findings, including that Monk and colleagues (2015)
examined 1 day of EMA surveys (vs. 54 daily survey days
used in the present study) and considered the directionality
of the discrepancy, but not the magnitude. Nevertheless, our
findings suggest that individuals with more alcohol-related
problems as indexed by the AUDIT tend to report more
alcohol consumption the next day, which is in line with our
understanding of heuristics (Gorin and Stone, 2001; Shiff-
man et al., 2008). For example, individuals endorsing more
alcohol-related problems on the AUDIT may be differen-
tially weighting behaviors and/or experiences when respond-
ing to both the AUDIT and the EOD summary given both
self-report assessments require a degree of retrospection (at
least compared to RDS). Though speculative, individuals
who endorse more alcohol-related problems may identify as
more problematic drinkers—by extension, heavier alcohol
users—and may rely on this heuristic when responding retro-
spectively about their alcohol involvement.

Average alcohol consumption across the study was linked
to all discrepancy categories except for a low EOD < RDS.

These findings are consistent with Monk and colleagues
(2015) who found that more alcohol consumption was
linked to a greater difference score between real-time EMAs
of alcohol consumption and EOD summaries. Practically,
as the number of drinks consumed increases, the likelihood
of a discrepancy between survey types increases. Building
off work by Monk and colleagues (2015), our findings pro-
vide preliminary evidence that these discrepancies occur in
both directions. Though speculative, unexplored modera-
tors (e.g., context of alcohol consumption and context
where survey was completed) may further differentiate the
relation between heavy drinking and the directionality of
the discrepancy.

Aim 2: Between- and Within-Person Alcohol-Related
Predictors

After disentangling between- and within-person effects,
between-person alcohol quantity exhibited increased odds
for each discrepancy category with comparable effect sizes.
Within-person alcohol quantity was linked to greater odds of
all categories except for low RDS < EOD, with the largest
effect for high EOD < RDS. Similar to Monk and colleagues
(2015), this suggests that within-person increases in alcohol
quantity are more strongly associated with reporting fewer
drinks on the EOD summary than across RDS. This same
pattern was evident for between- and within-person peak
hourly drinking rate. Again, this finding suggests that experi-
encing greater variability in alcohol consumption relative to
an individual’s own average is linked to underestimated

Table 4. Between- andWithin-Person Alcohol-Related Predictors of Drinking Report Discrepancy

Drinking report discrepancy groups

Predictors
Low RDS < EOD Low EOD < RDS High RDS < EOD High EOD < RDS
OR (95% CI) OR (95% CI) OR (95%CI) OR (95% CI)

Model 1
Alcohol use (BP) 1.17 (1.10, 1.25) 1.12 (1.05, 1.20) 1.35 (1.24, 1.47) 1.56 (1.43, 1.69)
Alcohol use (WP) 1.05 (1.00, 1.11) 1.27 (1.21, 1.33) 1.08 (1.02, 1.14) 1.82 (1.72, 1.92)
Model 2
Peak rate (BP) 1.47 (1.27, 1.70) 1.13 (0.97, 1.32) 1.80 (1.48, 2.19) 2.25 (1.92, 2.64)
Peak rate (WP) 1.18 (1.04, 1.32) 1.64 (1.47, 1.83) 1.21 (1.06, 1.38) 2.25 (2.03, 2.49)
Model 3
PSI (BP) 1.43 (1.11, 1.83) 1.25 (1.01, 1.57) 2.63 (1.80, 3.85) 2.51 (1.93, 3.27)
PSI (WP) 1.27 (1.06, 1.53) 1.53 (1.30, 1.81) 2.13 (1.70, 2.67) 2.82 (2.40, 3.31)
Model 4
Liquor (BP) 0.94 (0.50, 1.76) 1.06 (0.58, 1.93) 1.35 (0.53, 3.48) 0.57 (0.29, 1.11)
Liquor (WP) 1.96 (1.47, 2.61) 1.20 (0.92, 1.56) 2.47 (1.73, 3.54) 2.62 (2.06, 3.34)

n = 2,847. Model 1: AIC = 6726.41; BIC = 6922.03; �2 log-likelihood = 6187.48. Model 2: AIC = 7319.79; BIC = 7495.41; �2 log-likeli-
hood = 6789.61. Model 3: AIC = 7547.17; BIC = 7726.53; �2 log-likelihood = 6955.49. Model 4: AIC = 7701.11; BIC = 7876.72; �2 log-likeli-
hood = 7088.93. No drinking report discrepancy is the reference group for the 5-level multinomial outcome. “Low” refers to a discrepancy by 1 drink.
“High” refers to a discrepancy by 2 or more drinks. RDS < EOD reflects that alcohol quantity reported on the end-of-day (EOD) summary survey
exceeded the alcohol quantity reported across repeated daily surveys (RDS). EOD < RDS reflects that alcohol quantity reported across RDS exceeded
the alcohol quantity reported on the EOD summary survey. OR = odds ratio. WP = within-person (person-centered); BP = between-person (grand-
mean-centered). Alcohol use = number of drinks consumed; Peak rate = peak hourly drinking rate on a given day for a given person; PSI = peak subjec-
tive intoxication; liquor (binary) = liquor consumption vs. not. Statistically significant effects determined by 95% CIs around the OR that do not overlap the
value 1.00 are in bold typeface. Each model (Models 1–4) was examined separately while adjusting for age, sex, school, cannabis use product, and day
of the week (weekend vs. weekday). See Tables S1–S4 for covariate effects of each model presented in this table.
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alcohol consumption reported on a survey requiring more
retrospection. Differential relations to the magnitude of dis-
crepancy (i.e., low vs. high) are also consistent with heuris-
tics, suggesting that individuals who experience greater
instability in their behavior (i.e., intraindividual variability)
tend to be less consistent reporters (i.e., a greater magnitude
of discrepancy; Gmel and Daeppen, 2007; Perrine and Schro-
der, 2005; Solhan et al., 2009).
Between- and within-person peak subjective intoxication

exhibited greater odds for all discrepancy categories. At the
between-person level, the largest effects were found for a high
magnitude of discrepancy (2 or more drinks) in both direc-
tions. At the within-person level, the largest effect was found
for high EOD < RDS, suggesting fewer drinks were reported
on the EOD summary as individuals experience within-per-
son increases in subjective intoxication. This may be due to
the subjective nature of rating one’s level of intoxication and
also may relate to heuristics used in retrospective recall
(Gorin and Stone, 2001; Shiffman et al., 2008). For example,
within-person variations in peak subjective intoxication
inherently suggest instability in behavior, which can result in
more inconsistent reporting by recalling some experiences
more than others and/or by responding based on one’s typi-
cal, rather than actual, behavior, which might yield underes-
timating alcohol consumption on the EOD summary (Gmel
and Daeppen, 2007; Perrine and Schroder, 2005; Solhan
et al., 2009). By contrast, individuals may differentially
weight their experience of peak subjective intoxication and
overestimate their alcohol consumption based on 1 or 2 par-
ticularly salient experiences (see Shiffman et al., 2008).
Interestingly, within-person, but not between-person,

liquor consumption was also associated with all discrepancy
categories except for low EOD < RDS. This suggests that
inconsistent reporting is more likely to occur in both direc-
tions when liquor is consumed that day over and above their
average frequency of liquor consumption across the study.
In this context, liquor consumption may serve as a proxy for
a rapid rise in blood alcohol concentration, which converges
with our findings on peak subjective intoxication.
Across all models, weekend days and leaf cannabis use

days were most consistently associated with drinking report
discrepancies in both directions over and above alcohol-re-
lated predictors. This suggests that individuals are less con-
sistent on weekend days and on days when using leaf
cannabis, irrespective of their alcohol consumption and/or
level of intoxication. This is particularly interesting because
many fine-grained, daily studies prioritize capturing data on
weekends because alcohol behavior occurs more often on
weekends (e.g., Lipperman-Kreda et al., 2017; Stevens et al.,
2017; Suffoletto et al., 2018; Wright et al., 2018). Further,
much recent work has examined alcohol and cannabis co-use
using fine-grained designs (Jackson et al., 2020; Linden-Car-
michael et al., 2019; Patrick et al., 2018), and our preliminary
findings indicate leaf cannabis use may be impacting the
accuracy of alcohol use reporting. More research in this area
is needed to determine factors contributing to inconsistent

reporting on weekend days and on leaf cannabis use days to
increase the validity of substance use reports.
Indeed, the implications of discrepant reports depend on

the level of accuracy needed by researchers and clinicians.
For example, a participant reporting 8 drinks yet consuming
10 drinks (i.e., discrepancy by 2 drinks) may not unduly
affect findings if the outcome of interest is alcohol quantity
(i.e., continuous range of drinks). On the other hand, this dis-
crepancy might be more meaningful if the use of the variable
is to compute an estimated blood alcohol concentration.
Nevertheless, it is difficult to determine the potential impact
of discrepant reports and to identify when this level of accu-
racy matters. (see Jackson, 2008, for a discussion of the pre-
dictive utility of drinking thresholds).

Strengths and Limitations

The present study has several strengths, including being a
novel investigation of the discrepancy between RDS (with
less retrospection) compared with an EOD summary (with
more retrospection) spanning 54 days of assessments in a
large sample of college students. We are the first to examine
both the magnitude and the direction of this discrepancy,
which provides a more nuanced understanding of relations.
We also disentangled between- and within-person effects for
alcohol-related predictors of discrepancy categories (Curran
and Bauer, 2011). However, findings should be interpreted
considering limitations. First, data were drawn from a larger
parent study on college students that required at least 1 occa-
sion of past-month use of alcohol and cannabis at the same
time so that their effects overlapped to be eligible for the
daily survey phase. Thus, findings from the present study
may not generalize beyond college students who use both
alcohol and cannabis. Second, the RDS did not capture
behavior in real time, as is typical in EMA studies. RDS and
EOD summary reports required a degree of retrospective
recall, as individuals were asked to recall their behavior since
their last completed assessment. Future research in this area
should examine discrepancy between retrospective reports
and real-time surveys collected using time-stratified random
sampling (e.g., Moberly and Watkins, 2008; Monk and
Heim, 2014). Third, it is also possible that individuals had
difficulty monitoring drinks previously recorded that may
have led to double counting of drinks on RDS (Johnson and
Schultz, 2005). Replication is needed to determine the relia-
bility of discrepant reports across fine-grained methodologies
and across samples before drawing firm conclusions about
processes that contribute to this discrepancy. Fourth, days
where 2 or more adjacent surveys were missed were excluded
from this study, and it is possible these observations also
reflected heavier drinking days.
Fifth, following a drinking day, the EOD summary

administered at 9:00 am did not re-assess if alcohol was con-
sumed the prior day if a participant had indicated on any
RDS that they had consumed alcohol; thus, participants
could not recant their alcohol use behavior from the prior
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day. Future research is needed to determine factors that
influence recanting on an EOD summary following endorse-
ment of substance use behavior on real-time surveys. Sixth,
of the observations included in the analyses, only 2.85% of
observations included endorsing alcohol-related blackouts.
Future studies with a higher daily prevalence of blackout
endorsement should examine whether this contributes to
response inconsistency intraindividually, as experiencing a
blackout could affect memory and contribute to discrepan-
cies between reports. Seventh, cannabis use products, rather
than cannabis use quantity, were included as covariates,
given the likelihood of discrepant reporting for cannabis use,
as we show for alcohol use reporting. This may be com-
pounded for cannabis use because there are no established
standard units for cannabis use as there are for alcohol use.
However, cannabis use quantity may also impact discrepant
alcohol reporting, given the established link between canna-
bis use and acute memory impairment (Volkow et al., 2016).
Future research should further examine how cannabis co-use
affects reporting consistency of substance use. Eighth, it is
possible that individuals misperceive their own level of
drunkenness, such that their subjective intoxication does not
reflect their actual intoxication.

We did not consider context of the drinking event as a pre-
dictor of discrepant reports given RDS were aggregated to
the daily level, which hindered our ability to discern which
context of the drinking event was linked to inconsistent
reporting. Future studies should consider context as a predic-
tor of inconsistent reporting, as Monk and colleagues (2015)
found that, when comparing alcohol reported on weekly ret-
rospective surveys to real-time surveys, the situational context
(e.g., being at a bar) and the social context (e.g., being with 2
or more friends) significantly related to discrepant reports.

CONCLUSIONS

In sum, more than half of all observations were discrepant,
such that the number of drinks reported across RDS was not
in line with the number of drinks reported on the EOD sum-
mary report the next morning. On the other hand, almost
three-fourths of all comparisons of RDS to EOD summaries
were consistent within 1 drink. Findings suggest that surveys
requiring more retrospection may overestimate alcohol con-
sumption for individuals with more problematic alcohol
behavior. Findings also support that greater within-person
fluctuations in alcohol behavior is linked to less consistent
reporting overall and suggest that a variety of memory
heuristics may be at play. Future research is needed to dis-
cern the optimal use and timing of survey types administered
in fine-grained survey designs to maximize the validity of
reports.
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Fig. S1. Flowchart from screening to the daily survey
phase of the parent study.
Fig. S2. Flowchart of data selection from the full daily

sample to the restricted daily sample used in analyses.
Fig. S3. Drinking report discrepancy frequencies by cate-

gory.
Table S1. Between- and within-person alcohol quantity as

predictors of drinking report discrepancy.
Table S2. Between- and within-person peak hourly drink-

ing rate as predictors of drinking report discrepancy.
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Table S3. Between- and within-person peak subjective
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as predictors of drinking report discrepancy.
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study.
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