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Abstract

Background

Norms clarification has been identified as an effective component of college student drink-

ing interventions, prompting research on norms clarification as a single-component inter-

vention known as Personalized Normative Feedback (PNF). Previous reviews have

examined PNF in combination with other components but not as a stand-alone intervention.

Objectives

To investigate the degree to which computer-delivered stand-alone personalized normative

feedback interventions reduce alcohol consumption and alcohol-related harms among col-

lege students and to compare gender-neutral and gender-specific PNF.

Data Sources

Electronic databases were searched systematically through November 2014. Reference

lists were reviewed manually and forward and backward searches were conducted.

Selection Criteria

Outcome studies that compared computer-delivered, stand-alone PNF intervention with an

assessment only, attention-matched, or active treatment control and reported alcohol use

and harms among college students.

Methods

Between-group effect sizes were calculated as the standardized mean difference in change

scores between treatment and control groups divided by pooled standard deviation. Within-

group effect sizes were calculated as the raw mean difference between baseline and follow-

up divided by pooled within-groups standard deviation.
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Results

Eight studies (13 interventions) with a total of 2,050 participants were included. Compared

to control participants, students who received gender-neutral (dbetween = 0.291, 95% CI

[0.159, 0.423]) and gender-specific PNF (dbetween = 0.284, 95% CI [0.117, 0.451]) reported

greater reductions in drinking from baseline to follow-up. Students who received gender-

neutral PNF reported 3.027 (95% CI [2.171, 3.882]) fewer drinks per week at first follow-up

and gender-specific PNF reported 3.089 (95% CI [0.992, 5.186]) fewer drinks. Intervention

effects were small for harms (dbetween = 0.157, 95% CI [0.037, 0.278]).

Conclusions

Computer-delivered PNF is an effective stand-alone approach for reducing college student

drinking and has a small impact on alcohol-related harms. Effects are small but clinically rel-

evant when considered from a public health perspective. Additional research is needed to

examine computer-delivered, stand-alone PNF as a population-level prevention program.

Introduction
Alcohol is one of the leading causes of death among individuals 15 to 24 years of age worldwide
[1]. College students in this age range are a particularly high-risk group in need of effective pre-
vention and intervention programs. National survey findings indicate that 80% of U.S. college
students consumed alcohol in the past thirty days [2]. Compared to non-collegiate peers of the
same age, college students engage in more high-risk drinking behaviors and experience more
alcohol-related negative consequences, including alcohol-related sexual assault, injury, and
death [2]. Alcohol use is also the most prevalent contributor to academic failure among college
students, with nearly 25% of college students reporting alcohol-related academic consequences,
including missed classes, incomplete assignments, and poor grades [2–4].

In addition to fatalities, physical harms, and academic consequences experienced by college
students, the financial impact of drinking is enormous. According to the Center for Disease
Control (CDC), the economic cost of alcohol misuse among adults in the United States in 2006
was $223.5 billion and included losses in workplace productivity, healthcare, criminal justice
expenses, and motor vehicle accidents [5]. Nearly 76% of these alcohol-related costs were
attributed to binge drinking, defined as consuming five or more drinks in one sitting for men
and four or more drinks in one sitting for women [6]. In the U.S., binge drinking is more com-
mon among college students than non-collegiate peers, with 40% of U.S. college students
reporting at least one binge drinking episode in the past two weeks [6–9]. In a national survey
of U.S. college students, 13% reported engaging in “extreme binge drinking,” defined as con-
suming ten or more drinks in one sitting during the past two weeks [7]. Shockingly, 15% of
emerging adults age 21 to 24 reported consuming 20 or more drinks in one sitting [7]. College
students were also more likely to endorse a pattern of heavy episodic drinking–binge drinking
periodically–rather than frequent, heavy drinking [7]. Each binge drinking episode constitutes
high-risk drinking. At this high level of consumption, each additional drink is associated with
increased risk for harms. Given this risk, even a small reduction in quantity consumed could
reduce the risk of another alcohol-related fatality. This is a key premise for prevention and
early intervention programs for college student drinking. As risky drinking and widespread
negative consequences among college students continues to be a major public health concern,
there is increasing emphasis on the growing need for universal prevention and intervention
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programs aimed at reducing high-risk drinking at both the population-level and the individ-
ual-level [10].

Social Norms Theory (SNT) provides the theoretical basis for social norms interventions.
This theory posits that an individual’s perception of how peers think and act influences the
individual’s behavior. There is substantial evidence implicating social norms as a contributory
factor for high-risk drinking among college students. Research has shown that individual
beliefs about peer alcohol use significantly predict personal alcohol use among college students
[11–13]. Further, college students tend to overestimate peer alcohol use and subsequently
increase their own alcohol use based on this overestimation [14, 15]. According to SNT, nor-
mative influence will lead to behavior change only when “highlighted prominently in con-
sciousness” [16]. Drawing on this theory, social norms interventions aim to increase students’
awareness of their own drinking patterns and highlight any discrepancies between their own
drinking patterns, their perceptions of peer drinking patterns, and actual peer drinking pat-
terns. According to SNT, highlighting discrepancies in perceived and actual peer drinking and
correcting normative misperceptions should lead to drinking reductions.

Social norms clarification has been examined as both a universal prevention program and
as an individual intervention [17]. Most universal social norms approaches have been imple-
mented through large-scale social marketing campaigns and have been found to have little or
no effect on drinking norms, alcohol use, or alcohol-related harms (for a review see Foxcroft
et al. [18]). It has been hypothesized that the impersonal nature of such campaigns may
account for their poor effects. When provided in an individual format, interventions that
include social norms clarification have shown moderate to large effects on drinking norms and
small to moderate effects in reducing alcohol consumption and binge drinking episodes among
high-risk college students [19–23]. Social norms clarification has typically been studied in com-
bination with additional intervention components, but recent research has focused on social
norms clarification as a stand-alone intervention without additional components, known as
Personalized Normative Feedback (PNF) [22, 24–30].

PNF interventions typically use graphs and text to provide individualized feedback based on
self-report measures of alcohol use (e.g., number of drinking days per week, average drinks per
sitting, average drinks per week, etc.). Generally, feedback content is consistent across PNF
interventions with any differences primarily being with format or aesthetic aspects [22, 24–30].
Feedback usually includes bar graphs to display a student’s own drinking behavior, their per-
ceptions of drinking norms for a specified reference group, and actual drinking behavior for
the specified reference group. These data for actual reference group drinking rates are typically
derived from surveys administered at individual universities where PNF is being implemented.
Students are also provided a percentile rank comparing their drinking behaviors with that of
other students in their reference group (e.g., “Your percentile rank is 72%; this means that you
drink as much or more than 72% of other college students on your campus”) [22, 24–30]. PNF
reference groups may be general, known as gender-neutral (e.g., “college students on your cam-
pus”) or may be matched on gender or another demographic characteristic (e.g., gender-spe-
cific which might be “female college students on your campus”) [22, 24–30].

Most PNF interventions have used “typical students” as the normative reference group;
however, recent research has suggested that referents of greater specificity (e.g., gender-spe-
cific) may increase PNF efficacy for particular groups [15, 26, 31]. In a study examining gen-
der-specificity of normative referent, researchers found gender-specific PNF to be more
effective than gender-neutral PNF for women, particularly among those who were higher in
gender identity [15, 32]. This research has indicated that gender-specific and gender-neutral
feedback may be differentially effective for women and men. Two reasons have been proposed
for gender differences. First, there are actual gender differences in alcohol consumption such
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that men drink more than women, therefore female gender-specific norms are lower than gen-
der-neutral norms and male gender-specific norms are higher. It has been hypothesized that
gender-neutral norms will be more effective for men because these norms provide a greater dis-
crepancy than gender-specific male norms. Second, research has found that women perceive
the “typical college student” as including males and females, therefore, gender-specific feed-
back provides a more proximal referent [15, 32].

The efficacy of PNF has been evaluated in provider-guided and a variety of self-guided for-
mats (e.g., mail, email, web-based) with promising results. PNF has been implemented in struc-
tured settings (e.g., research laboratory or clinical setting) as well as unstructured settings (e.g.,
self-guided web-based completion). PNF was introduced originally as a single component
included in more extensive face-to-face provider-guided interventions and, more recently, as a
component in computer-delivered interventions [23, 33]. As research on computer-delivered
interventions has continued to expand, PNF has been examined as a stand-alone computer-
delivered intervention. First, computer-delivered PNF was administered as a self-guided inter-
vention in a structured setting, with results suggesting small to moderate effects for drinking
reductions [24, 34]. More recently, computer-delivered stand-alone PNF has been evaluated as
a web-based intervention in non-structured settings. Students typically receive an emailed link
to access the intervention online and then complete the program when convenient [25, 26].
Whether administered in a structured or non-structured setting, computer-delivered PNF is
the predominant modality at this time. In a review of individual interventions for college stu-
dent drinking, small to moderate within-group effects on drinking were found for stand-alone
PNF [35], and effects were more pronounced among college students who reported drinking
for social reasons [36]. These results were generally similar to those found in more extensive
and time-intensive multicomponent feedback interventions [37, 38].

As the number of publications focused on computerized PNF effectiveness has increased in
recent years, an empirical review of these studies is needed to assess the utility of PNF as a
stand-alone computer-based program. Therefore, the purpose of the present study was to sum-
marize available research and to perform a meta-analytic review of computer-delivered stand-
alone PNF interventions for college student drinking. Study objectives were to (1) compare
effects of gender-neutral and gender-specific PNF on college student drinking, (2) examine the
impact of maturation on magnitude of intervention effects, and (3) analyze effects of stand-
alone PNF on alcohol-related harms.

Method

Sample of Studies
We conducted a three-tier literature search to identify relevant studies. First, we searched elec-
tronic databases (PsycINFO, PubMed, MEDLINE, Education Resources Information Center
(ERIC), Database of Abstracts of Reviews of Effects (DARE), Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Cochrane Central Register of Controlled Trials (CEN-
TRAL), and ProQuest Dissertations and Theses) using a Boolean search strategy with the fol-
lowing search terms: (alcohol OR drink� OR binge) AND (college� OR university) AND
(intervention OR prevention OR treatment OR feedback) AND (norm� OR personal� OR indi-
vidual). Second, we reviewed references of relevant articles and empirical reviews retrieved
from database searches. Third, we conducted a forward literature search for publications that
cited relevant articles and reviews. The first author (KBD) and a trained bachelor-level research
assistant completed the search independently. Finally, we contacted prominent researchers for
unpublished findings relevant to this study. Studies meeting selection criteria and available by
November 2014 were included.
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Selection Criteria
Studies were included if they (a) examined a stand-alone PNF drinking intervention; (b) used a
college student sample; (c) included a control condition; (d) reported outcomes for drinking
norms and actual drinking behavior; (e) used a pre-post experimental design with a minimum
of 28-days between baseline and follow-up; and (f) provided adequate information for effect
size (ES) calculation. Studies were excluded if they (a) reported additional intervention compo-
nents (e.g., alcohol education, protective behavioral strategies, motivational interviewing); (b)
used a non-college student sample; or (c) did not report actual drinking outcomes. We
requested additional data necessary for inclusion from one primary author but did not receive
a response; therefore, the study was excluded from the analysis. All studies were published in
English and none were excluded for language. Eight studies (13 interventions) completed
between 2004 and 2014 were included, with a total of 2,050 participants (Fig 1) [22, 24–30].

Coding and Reliability
We developed a comprehensive coding manual to systematically extract study-level and effect-
size level data from each study (S1 Appendix). The first author (KBD) and two trained bache-
lor-level research assistants independently coded sample characteristics (e.g., sex, ethnicity),
intervention details (e.g., feedback format, setting, normative referent), and methodology. We
coded study design features to assess study quality, including methods for condition assign-
ment, attrition rates, and baseline differences. We assessed risk-of-bias using the assessment
tool provided by the Cochrane Collaboration, which includes ratings on each of the following
domains: (1) Random sequence generation; (2) Allocation concealment; (3) Blinding of partici-
pants and personnel; (4) Blinding of outcome assessment; (5) Incomplete outcome data; (6)
Selective reporting; and (7) Other sources of bias [39]. Intercoder reliability was high (Cohen’s
k = .84). We resolved coding disagreements through discussion.

Study Outcomes
We calculated effect size estimates for alcohol consumption and alcohol-related problems.
When more than one drinking outcome was reported we calculated a separate ES for each out-
come. Due to the small sample of studies included in this meta-analysis and variability in
drinking outcomes reported across studies, there was insufficient statistical power to warrant
separate analyses for each drinking outcome. Drinks per week was the only drinking outcome
reported consistently across all studies, therefore it was used as the alcohol consumption ES
estimate [40]. When multiple follow-ups were reported, the first follow-up was used in
analyses.

Effect Size Derivation
Between-group ESs were calculated as the standardized mean difference in change scores
between treatment and control groups divided by the pooled standard deviation (Cohen’s
dbetween) [41]. We used this formula because it accounts for pretest-posttest correlation (r) in
independent-groups repeated measures designs [42]. When pre-post correlations were not
reported, we used a correlation of 0.6 for within-group comparisons. We calculated this pre-
post correlation estimate using an existing dataset of college student drinkers provided by the
second author (MED).

Within-group ESs were calculated for each treatment and control group when sufficient
data were reported. We calculated within-group ES estimates as the raw mean difference
between baseline and follow-up divided by the pooled within-groups SD (Dwithin). We
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compared the within-group ES for each intervention condition to its’ respective control condi-
tion to examine the impact of maturation on magnitude of intervention effects and to identify
potential sources of between-group differences [43].

When means and standard deviations were not reported, we calculated ESs from the avail-
able statistics (e.g., t-value). Positive ESs indicate a reduction in drinking and alcohol-related
problems from baseline to follow-up for participants receiving PNF compared to control group
participants. We used inverse variance weighting which allocates ES weights based on standard
errors, with more precise ES estimates receiving greater weights [44]. An effect size of 0.2 can
be interpreted as small, 0.5 as medium, and 0.8 as large [45]. We conducted separate analyses
for gender-specific PNF and gender-neutral PNF when both interventions were compared to
the same control group within a study. The assumption of independence precluded use of one
analysis to compare multiple interventions to the same control condition [46].

Statistical analyses
All analyses were conducted using Comprehensive Meta-Analysis ™ [47]. Weighted mean ES
estimates (d) were calculated using random-effects procedures [47]. The random effects model
assumes between-study variance and treats each study as a sample from a population of studies.
This model estimates the mean of the distribution of effects, while accounting for differences
between studies [47].

Moderator analyses were conducted for variables identified a priori [48]. Analysis of vari-
ance (ANOVA) was used to analyze categorical variables (e.g., publication type) and meta-
regression was used to analyze continuous variables (e.g., length of time until follow up).
Power was calculated using random effects method suggested by Hedges and Pigott [49].

Results

Descriptives
Descriptive characteristics for the eight studies are provided in Table 1. Publication years ran-
ged from 2004 to 2014. Seven studies were conducted in the United States and one study was
conducted in Canada. Four studies were conducted at large public universities, three at mid-
size public universities, and one was conducted at two schools (a large public university and a
mid-size private university). The analysis included a total of 2,050 participants (PNF n = 1,181;
control n = 869). There were a total of six gender-neutral PNF conditions and seven gender-
specific PNF conditions. Five studies used an assessment-only control condition and three
studies used an attention-matched control condition.

Risk of bias varied among studies (see S1 Table), with 5 studies reporting adequate sequence
generation, 2 reporting allocation concealment, 7 reporting low risk for selective reporting, and
8 studies with unclear reporting for blinding of outcome assessment. Attrition rates ranged
from 4.2% to 21%.

Intervention Effects on Drinking
Between-group weighted mean ESs are reported separately for gender-neutral PNF (Table 2)
and gender-specific PNF (Table 3). Forest plots also are provided separately for gender-neutral
PNF (Fig 2) and gender-specific PNF (Fig 3). Compared to control participants, students who
received PNF reported a greater reduction in drinking from baseline to follow-up. Results were
similar for both gender-neutral PNF (d = 0.291, 95% CI [0.159, 0.423]) and gender-specific
PNF (d = 0.284, 95% CI [0.117, 0.451]).
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Within-group raw mean differences (Dwithin) are provided separately for gender-neutral
PNF (Table 4) and gender-specific PNF (Table 5). Overall, compared to baseline, students who
received gender-neutral PNF (k = 5) reported 3.027 (95% CI [2.171, 3.882], p< .001) fewer
drinks per week at first follow-up. Results were similar for gender-specific PNF (k = 5), with
students reporting 3.089 (95% CI [0.992, 5.186], p = .004) fewer drinks per week at first follow-
up, compared to baseline.

Intervention Effects on Alcohol-related Harms
Between-group weighted mean ESs for alcohol-related harms are reported in Table 6. Com-
pared to control participants, students who received PNF reported a greater reduction in alco-
hol-related harms from baseline to follow-up, though observed effects were minimal
(d = 0.157, 95% CI [0.037, 0.278], p = .010).

Moderator Analyses
The Q statistic was calculated to measure the presence or absence of homogeneity. A significant
Q-value indicates that homogeneity is not present and suggests that there may be heterogene-
ity. The I2 statistic provides an estimate of heterogeneity ranging from 0 to 100%. Larger values
of I2 indicate a greater degree of heterogeneity, with 25% interpreted as low, 50% as moderate,

Fig 1. Study flow diagram.

doi:10.1371/journal.pone.0139518.g001
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and 75% as high [50]. For gender-neutral PNF (k = 6) the Q-value was non-significant
(Q = 4.695, p = .454) and I2 = 0.000, suggesting homogeneity. For gender-specific PNF (k = 7)
the Q-value was non-significant (Q = 10.863, p = .093) and I2 = 44.768, suggesting a low to
moderate degree of heterogeneity. Studies were examined and one outlier was identified. Sensi-
tivity analyses revealed that the outlier had little impact on the summary effect. Excluding the
outlier would not change the interpretation of the findings, therefore, in order to conserve
power we did not exclude it from main effects analyses. We conducted moderator analyses for
variables identified a priori. Moderator analyses for both gender-neutral and gender-specific
PNF were non-significant for all moderator variables examined (i.e., modality, normative refer-
ent, control type, follow-up time, publication type, and sample).

Publication Bias
We conducted fail-safe analyses to estimate the number of missing studies with null findings
that would nullify the observed summary effect [51]. Results indicated that 36 studies would be
necessary to nullify the findings for both gender-neutral and gender-specific PNF. We

Table 1. Study Descriptives.

Study Groups (N) Modality FU
Wks

Included
sample

M age
(SD)

Sample Attrition

Curtis (2005) GS (34); A/O
control (47)

W 6 81 20.5
(1.9)

Undergraduates at a large public
university in Canada; 60.0% female

14.6%

LaBrie, Lewis, Atkins, Neighbors,
Zheng, Kenney, Napper, Walter,
Kilmer, Hummer, Grossbard,
Ghaidarov, Desai, Lee, and
Larimer (2013)

GS (184); GN
(187); attention
control (184)

W 4 555 19.92
(1.3)

Undergraduates from registrar list at 2
west coast universities in US (large
public ~30,000 enrolled; mid-size private
~6,000 enrolled); 75.7% Caucasian;
56.7% female

10.3%*

Lewis (2005)—Females GS (32); GN
(39); A/O
control (27)

C 4 98 20.01
(1.79)

Undergraduates in psychology course at
midsized Midwest university in US;
97.3% Caucasian; 54.6% female

11%*

Lewis (2005)—Males GS (33); GN
(21); A/O
control (30)

C 4 84 20.01
(1.79)

Undergraduates in psychology course at
midsized Midwest university in US;
97.3% Caucasian; 54.6% female

11%*

Lewis, Neighbors, Oster-Aaland,
Kirkeby, Larimer (2007)

GS (75); GN
(82); A/O
control (88)

C 20 245 18.53
(2.04)

Freshmen in orientation course at
midsized Midwest university in US;
99.6% Caucasian; 52.24% female

14.7%

Lewis, Patrick, Litt, Atkins, Kim,
Blayney, Norris, George, Larimer
(2014)

GS (119);
attention

control (121)

W 12 240 20.08
(1.48)

Undergraduates contacted via registrar
list at large Northwest university in US;
70.0% Caucasian; 57.6% female

9.6%*

Neighbors, Jensen, Tidwell,
Walter, Fossos, Lewis (2011)

GS (141);
attention

control (140)

W 12 281 Not
reported

Freshmen and sophomores at large
Northwest university in US; 52.5%
Asian, 32.9% Caucasian; 60.8% female

4.2%*

Neighbors, Larimer, Lewis (2004) GN (126); A/O
control (126)

C 12 252 18.5
(1.24)

Psychology students–large Northwest
university in US; 79.5% Caucasian;
58.7% female

21%

Neighbors, Lewis, Bergstrom,
Larimer (2006)

GN (108); A/O
control (106)

C 8 214 19.67
(2.02)

Psychology students at midsized
Midwest university in US; 98.04%
Caucasian; 55.6% female; 59.80%
freshmen, 25.00% sophomores, 9.31%
juniors, 5.88% seniors

13.6%

Note.
* denotes studies from which data from unrelated treatment groups were excluded.

GN = gender-neutral norms; GS = gender-specific norms; A/O = assessment-only control group; W = web-based in non-structured setting; C = computer-

based in structured setting with paper printout; FU Wks = number of weeks from baseline to first follow-up.

doi:10.1371/journal.pone.0139518.t001
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conducted trim-and-fill analyses to assess and adjust for publication bias [52]. Results sug-
gested two missing studies. Weighted mean ESs adjusted for publication bias were similar to
unadjusted ESs for both gender-neutral PNF (observed d = 0.291, 95% CI [0.159, 0.423];

Table 2. Gender-neutral PNF between-group weightedmean ESs for drinks per week.

Sample size

Study Subgroup FU
Wks

PNF Control dbetween (95%
CI)

LaBrie, Lewis, Atkins, Neighbors, Zheng, Kenney, Napper, Walter, Kilmer, Hummer,
Grossbard, Ghaidarov, Desai, Lee, and Larimer (2013)

4 187 184 0.187 (-0.017,
0.390)

Lewis (2005) Females 4 39 27 0.722 (0.216,
1.228)

Lewis (2005) Males 4 21 30 0.649 (0.077,
1.220)

Lewis, Neighbors, Oster-Aaland, Kirkeby, Larimer (2007) 20 82 88 0.361 (0.058,
0.664)

Neighbors, Larimer, Lewis (2004) 12 126 126 0.229 (-0.018,
0.477)

Neighbors, Lewis, Bergstrom, Larimer (2006) 8 108 106 0.234 (-0.035,
0.502)

Summary effect (k = 6) 563 561 0.291 (0.159,
0.423)

Note. Positive between-group effect sizes (dbetween) indicate improved outcome for treatment groups compared to control. Bold font indicates statistically

significant weighted mean ES. PNF = Personalized Normative Feedback; FU Wks = number of weeks from baseline to first follow-up; k = number of

interventions; CI = confidence interval.

doi:10.1371/journal.pone.0139518.t002

Table 3. Gender-specific PNF between-group weightedmean ESs for drinks per week.

Sample size

Study Subgroup FU
Wks

PNF Control dbetween (95%
CI)

Curtis (2005) 6 34 47 0.108 (-0.334,
0.549)

LaBrie, Lewis, Atkins, Neighbors, Zheng, Kenney, Napper, Walter, Kilmer, Hummer,
Grossbard, Ghaidarov, Desai, Lee, and Larimer (2013)

4 184 184 0.050 (-0.154,
0.255)

Lewis (2005) Females 4 32 27 0.651 (0.125,
1.176)

Lewis (2005) Males 4 33 30 0.751 (0.239,
1.262)

Lewis, Neighbors, Oster-Aaland, Kirkeby, Larimer (2007) 20 75 88 0.429 (0.117,
0.741)

Lewis, Patrick, Litt, Atkins, Kim, Blayney, Norris, George, Larimer (2014) 12 119 121 0.290 (0.035,
0.544)

Neighbors, Jensen, Tidwell, Walter, Fossos, Lewis (2011) 12 141 140 0.181 (-0.053,
0.416)

Summary effect (k = 7) 618 637 0.284 (0.117,
0.451)

Note. Positive between-group effect sizes (dbetween) indicate improved outcome for treatment groups compared to control. Bold font indicates statistically

significant weighted mean ES. PNF = Personalized Normative Feedback; FU Wks = number of weeks from baseline to first follow-up; k = number of

interventions; CI = confidence interval.

doi:10.1371/journal.pone.0139518.t003
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adjusted d = 0.243, 95% CI [0.083, 0.403]) and gender-specific PNF (observed d = 0.284, 95%
CI [0.117, 0.451]; adjusted d = 0.206, 95% CI [0.024, 0.387]). These results indicate that includ-
ing two missing studies would not change overall findings or implications of this meta-
analysis.

Discussion
Results from this meta-analysis indicate that computer-delivered PNF is an effective stand-
alone approach for reducing college student drinking, but has minimal impact on alcohol-
related harms. Overall, effect sizes were small but significant for alcohol use and less than small
for alcohol-related harms. Results were consistent regardless of intervention setting. These
findings suggest that computer-delivered PNF is equally effective when completed in a struc-
tured setting or when completed in a non-structured setting. Foxcroft and colleagues reported
similar findings in their recent systematic review of social norms approaches for college student
drinking [18]; however, they concluded that effects were not clinically significant. Though PNF
may be limited in clinical significance as a primary intervention, the observed effects on drink-
ing are clinically relevant when PNF is examined from a public health perspective as a preven-
tive approach.

Outcome research typically examines differences between treatment and control groups fol-
lowing a treatment, with between-group differences representing treatment effects. While this
methodological approach is appropriate for treatment outcome studies, it is not ideal for

Fig 2. Forest plot of gender-neutral PNF between-group effects (dbetween) for drinks per week.

doi:10.1371/journal.pone.0139518.g002

Fig 3. Forest plot of gender-specific PNF between-group effects (dbetween) for drinks per week.

doi:10.1371/journal.pone.0139518.g003
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prevention research. The “prevention paradox” asserts that the aim of prevention is to improve
global outcomes by causing small changes among a large portion of a given population. As
such, prevention programs would be expected to improve population-level outcomes, with rel-
atively small improvements on an individual level [53]. Given the substantial interpretive dif-
ferences for treatment versus prevention effects, it is imperative that researchers consider
carefully the aims and anticipated outcomes of intervention studies in order to measure and
report outcomes accurately. For example, in a college-based prevention study measuring drink-
ing outcomes as drinks per week, we would not predict a large effect for drink reductions.

Table 4. Gender-neutral PNF within-group effects for drinks per week.

Sample size GN PNF Control

Study Subgroup FU
Wks

PNF Control Dwithin Dwithin

LaBrie, Lewis, Atkins, Neighbors, Zheng, Kenney, Napper, Walter, Kilmer,
Hummer, Grossbard, Ghaidarov, Desai, Lee, and Larimer (2013)

4 187 184 1.900 (0.746,
3.054)

0.300 (-0.962,
1.562)

Lewis (2005) Females 4 39 27 3.650 (1.807,
5.493)

-0.180 (-2.447,
2.087)

Lewis (2005) Males 4 21 30 4.440 (0.516,
8.364)

-1.450 (-4.825,
1.925)

Neighbors, Larimer, Lewis (2004) 12 126 126 3.410 (2.061,
4.759)

1.460 (0.003,
2.917)

Neighbors, Lewis, Bergstrom, Larimer (2006) 8 108 106 3.600 (1.784,
5.416)

1.280 (-0.638,
3.198)

Summary effect (k = 5) 563 561 3.027 (2.171,
3.882)

0.642 (-0.135,
1.420)

Note. Positive Dwithin indicates a reduction in drinks per week from baseline to follow-up. Bold font indicates statistically significant weighted mean

difference. Dwithin = raw mean difference; GN = gender-neutral; PNF = Personalized Normative Feedback; k = number of interventions; FU Wks = number

of weeks from baseline to first follow-up; CI = confidence interval.

doi:10.1371/journal.pone.0139518.t004

Table 5. Gender-specific PNF within-group effects for drinks per week.

Sample size GS PNF Control

Study Subgroup FU
Wks

PNF Control Dwithin Dwithin

Curtis (2005) 6 34 47 1.000 (-1.202,
3.202)

0.100 (-2.087,
2.287)

LaBrie, Lewis, Atkins, Neighbors, Zheng, Kenney, Napper, Walter, Kilmer,
Hummer, Grossbard, Ghaidarov, Desai, Lee, and Larimer (2013)

4 184 184 0.800 (-0.403,
2.003)

0.300 (-0.962,
1.562)

Lewis (2005) Females 4 32 27 3.830 (1.412,
6.248)

-0.180 (-2.447,
2.087)

Lewis (2005) Males 4 33 30 5.390 (2.400,
8.380)

-1.450 (-4.825,
1.925)

Lewis, Patrick, Litt, Atkins, Kim, Blayney, Norris, George, Larimer (2014) 12 119 121 5.010 (3.393,
6.627)

2.470 (0.929,
4.011)

Summary effect (k = 5) 3.089 (0.992,
5.186)

0.557 (-0.663,
1.778)

Note. Positive Dwithin indicates a reduction in drinks per week from baseline to follow-up. Bold font indicates statistically significant weighted mean

difference. Dwithin = raw mean difference; GS = gender-specific; PNF = Personalized Normative Feedback; k = number of interventions; FU Wks = number

of weeks from baseline to first follow-up; CI = confidence interval.

doi:10.1371/journal.pone.0139518.t005
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Instead, we would anticipate a slower increase in drinking at follow-up for students receiving
prevention compared to students in a control condition. Further, although drinks per week pro-
vides a common metric of overall drinking quantity, it is not the best measure of drinking pat-
terns among college students, which typically consist of periodic binge drinking episodes
rather than steady frequent drinking. Although number of binge drinking episodes is commonly
reported, this measure provides categorical data with limited utility in allowing researchers to
understand an intervention’s impact on drinking. Rather than reporting categorical data, it
would be more useful to report the actual number of drinks consumed during each binge
drinking episode or other continuous measures of drinking behavior. Appropriate outcome
reporting has important implications for interpreting effects in intervention outcome studies.
For example, a reduction of four drinks per week will be interpreted much differently if the
reduction occurs during a single binge drinking episode compared to a reduction of four drinks
that occurs across several drinking occasions. It is imperative that researchers assess outcomes
appropriately for the population of interest, rather than selecting a measure solely because it is
a common metric.

There is a natural maturation process that seems to occur for most college student drinkers.
Research has shown that first-year college students are a particularly high-risk group and that
there is a natural “maturing out” process, whereby high-risk drinking tends to decrease over
time [54]. Results of the present study suggest that PNF may expedite this process. When com-
paring PNF within-group effects to within-group effects of control participants, drinking tends
to decline between baseline and first follow-up with a more pronounced effect for students
who received PNF. Though the overall within-group effect for controls is not statistically signif-
icant, the pattern of maturation is evident (see Tables 4 & 5). More robust findings may have
been observed if longer-term follow-up data had been included. However, only five studies in
the present meta-analysis included multiple follow-up time points therefore there was not ade-
quate power to conduct separate analyses at each time point. Longitudinal research is needed
to examine the degree to which PNF attenuates drinking among college students and to assess
the degree to which PNF may accelerate the “maturing out” process. This maturation effect

Table 6. Between-group weightedmean effects for alcohol-related harms.

Study Harms
Measure

dbetween (95%
CI)

Curtis (2005) SIP 0.196 (-0.246,
0.639)

LaBrie, Lewis, Atkins, Neighbors, Zheng, Kenney, Napper, Walter,
Kilmer, Hummer, Grossbard, Ghaidarov, Desai, Lee, and Larimer
(2013)

RAPI 0.175 (-0.060,
0.409)

Lewis, Patrick, Litt, Atkins, Kim, Blayney, Norris, George, Larimer
(2014)

BYAACQ 0.134 (-0.119,
0.387)

Neighbors, Larimer, Lewis (2004) RAPI 0.127 (-0.120,
0.375)

Neighbors, Lewis, Bergstrom, Larimer (2006) RAPI 0.183 (-0.088,
0.454)

Summary effect (k = 5) 0.157 (0.037,
0.278)

Note. Positive between-group effect sizes (d+) indicate improved outcome for treatment groups compared

to control. Bold font indicates statistically significant weighted mean ES. k = number of interventions;

CI = confidence interval; SIP = Short Index of Problems; RAPI = Rutgers Alcohol Problems Index;

BYAACQ = Brief Young Adult Alcohol Consequences Questionnaire.

doi:10.1371/journal.pone.0139518.t006
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will not be apparent when outcomes are analyzed using only between-groups, post-test mean
differences. To study the impact of PNF on drinking maturation, researchers should incorpo-
rate statistical approaches that examine changes between and within groups over time.

In addition to examining the potential positive effects of PNF, future research should con-
sider the limitations and problems with PNF. Given the proliferation of web-based intervention
approaches, researchers must consider whether students are actually viewing and processing
the intervention content. According to a recent study by Lewis and Neighbors, students
reported engaging in other activities while completing web-based interventions [55]. This find-
ing highlights the need for researchers to develop interventions that garner engagement, partic-
ularly if they are to be delivered in non-structured settings. This is important because web-
based interventions provide an efficient and cost-effective approach to delivering interventions
to college students.

Environmental context is an additional issue to consider with web-based interventions.
Findings from a recent study by Monk and Heim [56] indicated that environmental context
may moderate alcohol-related cognitions, including alcohol norms. Students in this study
reported higher positive expectancies and lower drink refusal self-efficacy when questionnaires
were administered in a bar setting compared to a lecture hall [56]. As web-delivered interven-
tions become more widespread, it is essential that researchers consider the impact of environ-
mental context on both intervention development and outcome assessment. This is
particularly important when researching alcohol norms and expectancies, as alcohol-related
cognitions are the target for these intervention approaches.

Researchers have also voiced concerns about a potential “boomerang effect” for low risk
drinkers that may lead them to drink more after receiving feedback stating that they consume
less alcohol than peers. In a recent study, Prince and colleagues assessed for a boomerang effect
among low-risk drinkers by examining drinking outcomes in feedback-based intervention tri-
als [57]. Computer-delivered stand-alone PNF interventions were used in two of the trials,
which included a total of 466 undergraduate students (Trial 1 n = 252; Trial 1 n = 214).
Researchers found no evidence to support a boomerang effect for low risk drinkers [57].
Although this study provides preliminary support for PNF as a universal prevention program,
as research on stand-alone PNF expands, continued efforts should be made to assess potential
negative outcomes among non-drinkers.

Finally, a major problem remaining in the literature is the overly general and inconsistent
terminology used to refer to various interventions with heterogeneous content. Common
terms used to describe these interventions include personalized feedback, personalized norma-
tive feedback, normative feedback, individualized feedback, and multicomponent feedback,
among others. Inconsistent use of these terms may lead to inaccurate interpretations of inter-
vention effects when the same term is used to identify various combinations of intervention
components. Future research in this area should consider adopting a consistent set of terms to
identify specific interventions and components.

Limitations
There are several notable limitations of this study. First, only eight primary studies were
included in this meta-analysis. With such a small sample of studies, generalizability of these
findings may be limited and results must be interpreted accordingly. Second, all eight studies
were conducted in North America. Given this geographic limitation in sampling, the findings
of this meta-analysis may not be generalizable and results may differ in other countries. Third,
given the relatively recent advent of stand-alone PNF, much of the research has been con-
ducted by a small pool of researchers which could further limit generalizability. Fourth, by
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design, meta-analyses are limited by the studies and data made available for inclusion. Substan-
tial efforts were made to conduct a thorough, exhaustive literature search and to seek additional
unpublished data through direct contact attempts with prominent researchers. Fifth, outcomes
and moderators were limited to the data included in the primary studies; therefore, it was not
possible to examine the impact of other variables of interest (e.g., social reasons for drinking,
long-term follow-up).

Overall, findings of this meta-analysis suggest that stand-alone PNF is promising as a uni-
versal prevention approach for college student drinking. Given the limited pool of primary
studies, it is recommended that this review be updated when additional studies are available for
inclusion. Despite the limitations, this study offers an empirical summary of computer-deliv-
ered stand-alone PNF for college student drinking and provides a foundation for future pre-
vention research.

Supporting Information
S1 PRISMA Checklist. PRISMA Checklist.
(PDF)

S1 Appendix. Coding Manual.
(PDF)

S1 Table. Risk of Bias.
(PDF)

Author Contributions
Conceived and designed the experiments: KBDMED. Performed the experiments: KBD. Ana-
lyzed the data: KBD. Contributed reagents/materials/analysis tools: KBDMED CAB. Wrote
the paper: KBDMED CAB.

References
1. From Local and National Action to Global Change. World Health Organization. Global Alcohol Policy

Conference; 2013; Seoul, Korea.

2. Hingson RW, ZhaW, Weitzman ER. Magnitude of and trends in alcohol-related mortality and morbidity
among U.S. college students ages 18–24, 1998–2005. J Stud Alcohol Drugs. 2009; 70:12–20.

3. Wechsler H, Lee JE, Kuo M, Seibring M, Nelson TF, Lee H. Trends in college binge drinking during a
period of increased prevention efforts. J Am Coll Health. 2002; 50(5):203–17. PMID: 2002-12885-002.
doi: 10.1080/07448480209595713

4. Wechsler H, Nelson TF. What we have learned from the Harvard School of Public Health College Alco-
hol Study: Focusing attention on college student alcohol consumption and the environmental conditions
that promote it. J Stud Alcohol Drugs. 2008; 69(4):481–90. PMID: 2008-18567-001. doi: 10.15288/jsad.
2008.69.481

5. Excessive Drinking Costs U.S. $223.5 Billion: Center for Disease Control and Prevention; 2014
[updated April 17]. Available: http://www.cdc.gov/features/alcoholconsumption/.

6. Bouchery EE, Harwood HJ, Sacks JJ, Simon CJ, Brewer RD. Economic costs of excessive alcohol con-
sumption in the U.S., 2006. Am J Prev Med. 2011; 41(5):516–24. doi: 10.1016/j.amepre.2011.06.045
2011-24615-013. PMID: 22011424

7. Johnston LD, O'Malley PM, Bachman JG, Schulenberg JE, University of Michigan IfSR. Monitoring the
Future National Survey Results on Drug Use, 1975–2011. Volume II, College Students & Adults Ages
19–50. Institute for Social Research, 2012.

8. SlutskeWS, Hunt-Carter EE, Nabors-Oberg RE, Sher KJ, Bucholz KK, Madden PAF, et al. Do College
Students Drink More Than Their Non-College-Attending Peers? Evidence From a Population-Based
Longitudinal Female Twin Study. J Ab Psychol. 2004; 113(4):530–40. doi: 10.1037/0021-843X.113.4.
530 PMID: 2004-20178-005. PsycARTICLES Identifier: abn-113-4-530. PMID: 15535786.

Stand-Alone PNF for College Student Drinkers: Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0139518 October 8, 2015 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139518.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139518.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139518.s003
http://www.ncbi.nlm.nih.gov/pubmed/2002-12885-002
http://dx.doi.org/10.1080/07448480209595713
http://www.ncbi.nlm.nih.gov/pubmed/2008-18567-001
http://dx.doi.org/10.15288/jsad.2008.69.481
http://dx.doi.org/10.15288/jsad.2008.69.481
http://www.cdc.gov/features/alcoholconsumption/
http://dx.doi.org/10.1016/j.amepre.2011.06.045
http://www.ncbi.nlm.nih.gov/pubmed/22011424
http://dx.doi.org/10.1037/0021-843X.113.4.530
http://dx.doi.org/10.1037/0021-843X.113.4.530
http://www.ncbi.nlm.nih.gov/pubmed/2004-20178-005
http://www.ncbi.nlm.nih.gov/pubmed/15535786


9. Substance Abuse and Mental Health Services Administration (2014) Results from the 2012 National
Survey on Drug Use and Health: Summary of National Findings (Publication No. SMA 13–4795). Avail-
able: http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/
NSDUHresults2013.pdf.

10. Hingson R, White A. New research findings since the 2007 Surgeon General's call to action to prevent
and reduce underage drinking: A Review. J Stud Alcohol Drugs. 2014; 75(1):158–69. 2014-02852-017.
PMID: 24411808

11. Baer JS, Stacy A, Larimer M. Biases in the perception of drinking norms among college students. J
Stud Alcohol. 1991;(6: ):580. doi: 10.15288/jsa.1991.52.580 edsgcl.13597176. PMID: 1758185

12. Neighbors C, Lee CM, Lewis MA, Fossos N, Larimer ME. Are social norms the best predictor of out-
comes among heavy-drinking college students? J Stud Alcohol Drugs. 2007; 68(4):556–65. 2007-
09451-011. doi: 10.15288/jsad.2007.68.556 PMID: 17568961

13. Perkins HW. Social norms and the prevention of alcohol misuse in collegiate contexts. J Stud Alcohol.
2002;Suppl14: :164–72. 2002-02965-013. doi: 10.15288/jsas.2002.s14.164

14. Borsari B, Carey KB. Descriptive and injunctive norms in college drinking: A meta-analytic integration. J
Stud Alcohol. 2003; 64(3):331–41. http://dx.doi.org/10.15288/jsa.2003.64.331. BACD200300247650.
PMID: 12817821

15. Lewis MA, Neighbors C. Gender-Specific Misperceptions of College Student Drinking Norms. Psychol
Addict Behav. 2004; 18(4):334–9. 2004-21853-004. doi: 10.1037/0893-164X.18.4.334 PMID:
15631605

16. Cialdini RB, Goldstein NJ. SOCIAL INFLUENCE: Compliance and Conformity. Ann Rev Psychol. 2004;
55(1):591–621. doi: 10.1146/annurev.psych.55.090902.142015

17. Walters ST. In praise of feedback: An effective intervention for college students who are heavy drinkers.
J Am Coll Health. 2000; 48(5):235–8. 2000-08153-005. PMID: 10778024

18. Foxcroft DR. Social norms information for alcohol misuse in university and college students. Cochrane
Database of Systematic Reviews. 2015;(1: ). PMID: CD006748. doi: 10.1002/14651858.CD006748.
pub3

19. Collins SE, Carey KB, Sliwinski MJ. Mailed personalized normative feedback as a brief intervention for
at-risk college drinkers. J Stud Alcohol. 2002; 63(5):559–67. 2002-04678-008. PMID: 12380852

20. Cunningham JA, Humphreys K. Providing Personalized Assessment Feedback for Problem Drinking
on the Internet: A Pilot Project. J Stud Alcohol. 2000; 61(6):794.

21. Murphy JG, Benson TA, Vuchinich RE, Deskins MM, Eakin D, Flood AM, et al. A Comparison of Per-
sonalized Feedback for College Student Drinkers Delivered with and without a Motivational Interview. J
Stud Alcohol. 2004; 65(2):200–3. 2004-14003-006. PMID: 15151350

22. Neighbors C, Larimer ME, Lewis MA. Targeting Misperceptions of Descriptive Drinking Norms: Efficacy
of a Computer-Delivered Personalized Normative Feedback Intervention. J Consult Clin Psychol.
2004; 72(3):434–47. 2004-95166-007. doi: 10.1037/0022-006X.72.3 .434 PMID: 15279527

23. Riper H, Kramer J, Conijn B, Smit F, Schippers G, Cuijpers P. Translating effective web-based self-help
for problem drinking into the real world. Alcohol: Clin Exp Research. 2009; 33(8):1401–8. 2009-11254-
010. doi: 10.1111/j.1530-0277.2009.00970.x

24. Neighbors C, Lewis MA, Bergstrom RL, Larimer ME. Being controlled by normative influences: Self-
determination as a moderator of a normative feedback alcohol intervention. Health Psychol. 2006; 25
(5):571–9. 2006-12729-004. PMID: 17014274

25. Lewis MA, Patrick ME, Litt DM, Atkins DC, Kim T, Blayney JA, et al. Randomized controlled trial of a
web-delivered personalized normative feedback intervention to reduce alcohol-related risky sexual
behavior among college students. J Consult Clin Psychol. 2014; 82(3):429–40. 2014-03881-001. doi:
10.1037/a0035550 PMID: 24491076

26. LaBrie JW, Lewis MA, Atkins DC, Neighbors C, Zheng C, Kenney SR, et al. RCT of web-based person-
alized normative feedback for college drinking prevention: Are typical student norms good enough? J
Consult Clin Psychol. 2013; 81(6):1074–86. PMID: 2013-28918-001. doi: 10.1037/a0034087

27. Curtis M. Normative feedback and student drinking: Controlled study of an online intervention [M.Sc.].
Ann Arbor: University of Alberta (Canada); 2005.

28. Lewis MA. Gender-specific misperceptions of descriptive drinking norms: Effectiveness of a personal-
ized normative feedback intervention for heavy-drinking college students. US: ProQuest Information &
Learning; 2005.

29. Lewis MA, Neighbors C, Oster-Aaland L, Kirkeby BS, Larimer ME. Indicated prevention for incoming
freshmen: Personalized normative feedback and high-risk drinking. Addict Behav. 2007; 32(11):2495–
508. PMID: 2007-13227-003. doi: 10.1016/j.addbeh.2007.06.019

Stand-Alone PNF for College Student Drinkers: Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0139518 October 8, 2015 15 / 17

http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24411808
http://dx.doi.org/10.15288/jsa.1991.52.580
http://www.ncbi.nlm.nih.gov/pubmed/1758185
http://dx.doi.org/10.15288/jsad.2007.68.556
http://www.ncbi.nlm.nih.gov/pubmed/17568961
http://dx.doi.org/10.15288/jsas.2002.s14.164
http://dx.doi.org/10.15288/jsa.2003.64.331
http://www.ncbi.nlm.nih.gov/pubmed/12817821
http://dx.doi.org/10.1037/0893-164X.18.4.334
http://www.ncbi.nlm.nih.gov/pubmed/15631605
http://dx.doi.org/10.1146/annurev.psych.55.090902.142015
http://www.ncbi.nlm.nih.gov/pubmed/10778024
http://www.ncbi.nlm.nih.gov/pubmed/CD006748
http://dx.doi.org/10.1002/14651858.CD006748.pub3
http://dx.doi.org/10.1002/14651858.CD006748.pub3
http://www.ncbi.nlm.nih.gov/pubmed/12380852
http://www.ncbi.nlm.nih.gov/pubmed/15151350
http://dx.doi.org/10.1037/0022-006X.72.3 .434
http://www.ncbi.nlm.nih.gov/pubmed/15279527
http://dx.doi.org/10.1111/j.1530-0277.2009.00970.x
http://www.ncbi.nlm.nih.gov/pubmed/17014274
http://dx.doi.org/10.1037/a0035550
http://www.ncbi.nlm.nih.gov/pubmed/24491076
http://www.ncbi.nlm.nih.gov/pubmed/2013-28918-001
http://dx.doi.org/10.1037/a0034087
http://www.ncbi.nlm.nih.gov/pubmed/2007-13227-003
http://dx.doi.org/10.1016/j.addbeh.2007.06.019


30. Neighbors C, Jensen M, Tidwell J, Walter T, Fossos N, Lewis MA. Social-norms interventions for light
and nondrinking students. Group Proc Intergroup Rel. 2011; 14(5):651–69. PMID: 2011-20108-005.
doi: 10.1177/1368430210398014

31. Neighbors C, Lewis MA, Bergstrom RL, Larimer ME. Being controlled by normative influences: Self-
determination as a moderator of a normative feedback alcohol intervention. Health Psychol. 2006; 25
(5):571–9. doi: 10.1037/0278-6133.25.5.571 PMID: 17014274

32. Lewis MA, Neighbors C. Optimizing personalized normative feedback: The use of gender-specific refer-
ents. J Stud Alcohol Drugs. 2007; 68(2): 228–237. doi: 10.15288/jsad.2007.68.228 PMID: 17286341

33. Dimeff LA, Baer JS, Kivlahan DR, Marlatt GA. Brief Alcohol Screening and Intervention for College Stu-
dents (BASICS): A harm reduction approach. New York, NY, US: Guilford Press; 1999.

34. Lewis MA, Neighbors C. Social norms approaches using descriptive drinking norms education: a
review of the research on personalized normative feedback. J Am Coll Health. 2006; 54(4):213–8.
PMID: 2009309908. doi: 10.3200/JACH.54.4.213–218

35. Miller MB, Leffingwell T, Claborn K, Meier E, Walters S, Neighbors C. Personalized feedback interven-
tions for college alcohol misuse: An update of Walters & Neighbors (2005). Psychol Addict Behav.
2013; 27(4):909–20. 2012-35005-001. doi: 10.1037/a0031174 PMID: 23276309

36. Neighbors C. Implications of Research on Computer Delivered Normative Feedback for Social Norms
Campaigns. Report on Social Norms. 2005; 4:1–8. PMID: 20823953.

37. Walters ST, Neighbors C. Feedback for college alcohol misuse: What, why, and for whom? Addict
Behav. 2005; 30:1168–82. doi: 10.1016/j.addbeh.2004.12.005 PMID: 15925126

38. Riper H, van Straten A, Keuken M, Smit B, Schippers G, Cuijpers P. Curbing problem drinking with per-
sonalized-feedback interventions: A meta-analysis. Am J Prev Med. 2009; 36(3):247–255. doi: 10.
1016/j.amepre.2008.10.016 PMID: 19215850

39. Higgins JPT, Green S (2011) Higgins JPT, Green S (editors). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.0.0. The Cochrane Collaboration. Available.

40. Lipsey MW,Wilson DB. Practical meta-analysis: Thousand Oaks, Calif.: Sage Publications, c2001.;
2001.

41. Morris SB, DeShon RP. Combining effect size estimates in meta-analysis with repeated measures and
independent-groups designs. Psychol Methods. 2002; 7(1):105–25. doi: 10.1037/1082-989X.7.1.105
2002-00925-006. PsycARTICLES Identifier: met-7-1-105. PMID: PMID: 11928886.

42. Smith ML, Glass GV, Miller TI. The benefits of psychotherapy: University Microfilms; 1980.

43. Feingold A. Effect sizes for growth-modeling analysis for controlled clinical trials in the same metric as
for classical analysis. Psychol Methods. 2009; 14(1):43–53. doi: 10.1037/a0014699 2009-02702-003.
PsycARTICLES Identifier: met-14-1-43. PMID: 19271847.

44. Hunter JE, Schmidt FL. Methods of meta-analysis. [electronic resource]: correcting error and bias in
research findings: Thousand Oaks, [Calif.]; London: SAGE, c2004. 2nd ed.; 2004.

45. Cohen J. Statistical power analysis for the behavioral sciences: New York: Academic Press, 1977.
Rev. ed.; 1977.

46. Rosenthal R. Writing meta-analytic reviews. Psychol Bull. 1995; 118(2):183–92. doi: 10.1037/0033-
2909.118.2.183 PMID: 1995-45257-001. PsycARTICLES Identifier: bul-118-2-183.

47. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to fixed-effect and random-
effects models for meta-analysis. Research Synthesis Methods. 2010; 1(2):97–111. doi: 10.1002/jrsm.
12 PMID: 2012-30632-001.

48. Hedges LV. Fixed effects models. In: Cooper H, Hedges LV, Cooper H, Hedges LV, editors. The hand-
book of research synthesis. New York, NY, US: Russell Sage Foundation; 1994. p. 285–99.

49. Hedges LV, Pigott TD. The power of statistical tests in meta-analysis. Psychol Methods. 2001; 6
(3):203–17. doi: 10.1037/1082-989X.6.3.203 2001-18292-001. PsycARTICLES Identifier: met-6-3-
203. PMID: 11570228.

50. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003: 327:557–560. PMID: 12958120

51. Rosenthal R. The file drawer problem and tolerance for null results. Psychol Bull. 1979; 86(3):638–41.
doi: 10.1037/0033-2909.86.3.638 PMID: 1979-27602-001. PsycARTICLES Identifier: bul-86-3-638.

52. Duval S, Tweedie R. Trim and Fill: A Simple Funnel-Plot-Based Method of Testing and Adjusting for
Publication Bias in Meta-Analysis. Biometrics. 2000: 56:455–463. doi: 10.1111/j.0006-341X.2000.
00455.x PMID: 10877304

53. Collins RL, Parks GA, Marlatt GA. Social determinants of alcohol consumption: The effects of social
interaction and model status on the self-administration of alcohol. J Consult Clin Psychol. 1985; 53

Stand-Alone PNF for College Student Drinkers: Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0139518 October 8, 2015 16 / 17

http://www.ncbi.nlm.nih.gov/pubmed/2011-20108-005
http://dx.doi.org/10.1177/1368430210398014
http://dx.doi.org/10.1037/0278-6133.25.5.571
http://www.ncbi.nlm.nih.gov/pubmed/17014274
http://dx.doi.org/10.15288/jsad.2007.68.228
http://www.ncbi.nlm.nih.gov/pubmed/17286341
http://www.ncbi.nlm.nih.gov/pubmed/2009309908
http://dx.doi.org/10.3200/JACH.54.4.213&ndash;218
http://dx.doi.org/10.1037/a0031174
http://www.ncbi.nlm.nih.gov/pubmed/23276309
http://www.ncbi.nlm.nih.gov/pubmed/20823953
http://dx.doi.org/10.1016/j.addbeh.2004.12.005
http://www.ncbi.nlm.nih.gov/pubmed/15925126
http://dx.doi.org/10.1016/j.amepre.2008.10.016
http://dx.doi.org/10.1016/j.amepre.2008.10.016
http://www.ncbi.nlm.nih.gov/pubmed/19215850
http://dx.doi.org/10.1037/1082-989X.7.1.105
http://www.ncbi.nlm.nih.gov/pubmed/11928886
http://dx.doi.org/10.1037/a0014699
http://www.ncbi.nlm.nih.gov/pubmed/19271847
http://dx.doi.org/10.1037/0033-2909.118.2.183
http://dx.doi.org/10.1037/0033-2909.118.2.183
http://www.ncbi.nlm.nih.gov/pubmed/1995-45257-001
http://dx.doi.org/10.1002/jrsm.12
http://dx.doi.org/10.1002/jrsm.12
http://www.ncbi.nlm.nih.gov/pubmed/2012-30632-001
http://dx.doi.org/10.1037/1082-989X.6.3.203
http://www.ncbi.nlm.nih.gov/pubmed/11570228
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.1037/0033-2909.86.3.638
http://www.ncbi.nlm.nih.gov/pubmed/1979-27602-001
http://dx.doi.org/10.1111/j.0006-341X.2000.00455.x
http://dx.doi.org/10.1111/j.0006-341X.2000.00455.x
http://www.ncbi.nlm.nih.gov/pubmed/10877304


(2):189–200. doi: 10.1037/0022-006X.53.2.189 1985-22560-001. PsycARTICLES Identifier: ccp-53-2-
189. PMID: 3998247.

54. Baer JS, Kivlahan DR, Blume AW, McKnight P, Marlatt GA. Brief intervention for heavy-drinking college
students: 4-year follow-up and natural history. Am J Public Health. 2001; 91(8):1310–6. PMID: 2001-
11263-009. doi: 10.2105/AJPH.91.8.1310

55. Lewis MA, Neighbors C. An examination of college student activities and attentiveness during a web-
delivered personalized normative feedback intervention. Psychol Addict Behav. 2015; 29(1):162–7.
doi: 10.1037/adb0000003 2014-33499-001. PsycARTICLES Identifier: adb-29-1-162. PMID:
25134036.

56. Monk RL, Heim D. Environmental context effects on alcohol-related outcome expectancies, efficacy,
and norms: a field study. Psychol Addict Behav. 2013; 27(3):814–8. doi: 10.1037/a0033948 PMID:
24059833

57. Prince MA, Reid A, Carey KB, Neighbors C. Effects of normative feedback for drinkers who consume
less than the norm: Dodging the boomerang. Psychol Addict Behav. 2014; 28(2):538–44. doi: 10.1037/
a0036402 2014-24742-012. PsycARTICLES Identifier: adb-28-2-538. PMID: 24955672

Stand-Alone PNF for College Student Drinkers: Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0139518 October 8, 2015 17 / 17

http://dx.doi.org/10.1037/0022-006X.53.2.189
http://www.ncbi.nlm.nih.gov/pubmed/3998247
http://www.ncbi.nlm.nih.gov/pubmed/2001-11263-009
http://www.ncbi.nlm.nih.gov/pubmed/2001-11263-009
http://dx.doi.org/10.2105/AJPH.91.8.1310
http://dx.doi.org/10.1037/adb0000003
http://www.ncbi.nlm.nih.gov/pubmed/25134036
http://dx.doi.org/10.1037/a0033948
http://www.ncbi.nlm.nih.gov/pubmed/24059833
http://dx.doi.org/10.1037/a0036402
http://dx.doi.org/10.1037/a0036402
http://www.ncbi.nlm.nih.gov/pubmed/24955672

