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This formative study investigates the utility of the social norms approach (SNA) and self-determination theory
(SDT) in framing safe bicycling messages with the goal of increasing intention to use bicycle lanes on a university
campus. In Study 1, observational data showed that the majority of campus bicyclists did not use designated bike
lanes while cycling; thus, intention to use bicycle lanes was chosen as the dependent variable for Study 2. Survey
data (n = 168) collected from college students measured SNA and SDT constructs related to intention to use
bicycle lanes, including descriptive norms, injunctive norms, autonomy, competence, and relatedness. Results

indicate that different aspects of both the SNA and SDT are viable approaches for developing bicycle safety
campaign messages, as competence, relatedness, and injunctive norms were significant predictors of intention to
use bicycle lanes. Implications for the development of campaign messages are discussed, and information is
presented to assist other groups so they can use the same process to develop relevant campaign messages.

1. Introduction

Bicycle safety is a growing concern on university campuses.
University students are among the most likely to bicycle (Pucher et al.,
2012) and commute to their campuses daily in a concentrated, multi-
modal transportation system comprised of other bicyclists, motor ve-
hicles, and pedestrians (Grembek et al., 2014). In this complex system,
bicyclist fatalities are increasing with 818 reported deaths in 2015 in
the United States (NCSA, 2017). In addition, in the summer of 2002, an
estimated 2 million bicyclists reported experiencing an injury while
bicycling, with nearly a quarter of those injuries being attributed to a
collision with a motor vehicle (NHTSA and BTS, 2002). The present
research focuses on bicycle lane usage, as this practice can substantially
reduce accidents and fatalities (Cohen, 2013; Marshall and Garrick,
2011; Morrison et al., 2019; Parker et al., 2013; Reynolds et al., 2009;

Teschke et al., 2012; Walljasper, 2015). However, little previous re-
search has focused on bicyclists’ attitudes and perceptions of using bike
lanes with respect to informing bicycle safety campaign messages.
Therefore, this formative research aims to inform bicycle safety inter-
ventions through a better understanding of student attitudes, previous
behaviors, and intent to engage in safe bicycling behaviors. Further, it
examines the utility of the social norms approach (SNA) (Berkowitz,
2004) and self-determination theory (SDT) (Moller, Deci & Ryan, 2006;
Deci and Ryan, 2012) as frameworks to guide the development of safe
bicycling messages for university students.

1.1. Formative research on bicycle safety

Observational studies examining campus bicyclist behavior have
found extremely high rates of traffic violations, with over 90% of

* Corresponding author at: Klein Buendel, Inc. 1667 Cole Blvd. Ste. 225, Golden, CO 80401. Tel.: (330) 819-9585.
E-mail addresses: agrayson@kleinbuendel.com (A. Grayson), daniel.totzkay@mail.wvu.edu (D.S. Totzkay), wallin30@msu.edu (B.M. Walling),
ingalls7@msu.edu (J. Ingalls), viken@campbell.edu (G. Viken), smiths@msu.edu (S.W. Smith), kamisilk@udel.edu (K.J. Silk).

https://doi.org/10.1016/j.aap.2019.105295

Received 23 August 2018; Received in revised form 15 June 2019; Accepted 9 September 2019

Available online 04 October 2019
0001-4575/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/00014575
https://www.elsevier.com/locate/aap
https://doi.org/10.1016/j.aap.2019.105295
https://doi.org/10.1016/j.aap.2019.105295
mailto:agrayson@kleinbuendel.com
mailto:daniel.totzkay@mail.wvu.edu
mailto:wallin30@msu.edu
mailto:ingalls7@msu.edu
mailto:viken@campbell.edu
mailto:smiths@msu.edu
mailto:kamisilk@udel.edu
https://doi.org/10.1016/j.aap.2019.105295
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aap.2019.105295&domain=pdf

A. Grayson, et al.

observed bicyclists committing at least one safety violation while riding
(Lavetti and McComb, 2014; Silk et al., 2015) such as bicycling on
sidewalks or in areas marked for pedestrians in multi-use paths
(Loukaitou-Sideris et al., 2014). In addition, self-report crash data from
three university campuses show that bicyclists reported the highest
number of crashes compared to all other modes of transportation. This
data reported 23.1 crashes per 100 cyclists, which was more than four
times that of walking (Loukaitou-Sideris et al., 2014). Bicyclists re-
ported that crashes were often due to inattention (either of the motorist
or pedestrian involved in the crash, or the bicyclist, her/himself;
56.6%); excessive speed (23.3%); and trying to avoid another bicyclist,
pedestrian, or vehicle (22.1%) (Loukaitou-Sideris et al., 2014). Given
the increase in U.S. bicyclist fatalities noted previously (NCSA, 2017),
and the fact that 88% of bicyclists in a survey of almost 10,000 riders
felt threatened by motorists (NHTSA & BTS, 2002), it is crucial to
promote safe conditions for bicyclists. Indeed, the state in which the
present research was conducted has the fifth highest bicyclist mortality
rate for bicyclist-motor vehicle collisions (NCSA, 2017).

Bicyclists are at a risk for injury or death. Attitudinal/behavioral
change is essential to ensure the safety of bicyclists and other university
commuters. As noted previously, research has established that the
consistent use of bicycle lanes and paths greatly reduces accidents and
fatalities (Cohen, 2013; Marshall and Garrick, 2011; Morrison et al.,
2019; Parker et al., 2013; Reynolds et al., 2009; Teschke et al., 2012;
Walljasper, 2015). Thus, using bicycle lanes and paths is a realistic
mechanism for improving commuter safety, and should be a focus of
interventions. However, before a formal communication campaign can
be planned, a baseline of this behavior, in addition to other relevant
high-risk behaviors (e.g., riding bicycles on sidewalks), must be ob-
tained via a formative research process (Glazer et al., 2010). Along with
the enactment of bicycle-related behavior (e.g., using bicycle lanes),
base rates of psychosocial variables relevant to the decision-making
process of safe bicycling are needed. To guide this effort, the behavior
change frameworks of the SNA (Berkowitz and Perkins, 1986;
Berkowitz, 2004; DeJong and Smith, 2013) and SDT (Moller et al.,
2006; Ryan et al., 2008) were applied. These theories can inform
message appeals in order to best influence the psychological processes
leading to positive behavioral intentions to ride in a designated bicycle
lane (Atkin & Freimuth, 2013; Palmer, 1981).

1.2. Social norms approach

The SNA states that behavior change occurs when misperceptions of
norms pertaining to a behavior are corrected. The SNA specifically fo-
cuses on a behavior’s perceived frequency, or descriptive norm, and
perceived acceptability, or injunctive norm (Berkowitz, 2004; Berkowitz
and Perkins, 1986). Discrepancies between the behavior’s actual and
perceived frequency or acceptability are considered misperceptions,
which can be corrected via SNA campaigns. The goal of these cam-
paigns is to leverage the dynamic between perceived peer behavior and
attitudes to open unique persuasive channels (Perkins, 1997).

SNA messages can affect attitudes and behavior indirectly by cor-
recting misperceptions through promoting the actual norms that are
collected from surveying representative samples of a given population
(see Glazer et al., 2010). This approach increases the salience of the
positive behavior, ultimately altering personal attitudes and normative
perceptions to prompt more regular enactment of the desired behavior
(Berkowitz, 2005; Glazer et al., 2010; Perkins, 1997, 2002). Examples
of norm messages from a campus campaign targeting excessive drinking
on Halloween read: “90% of students eat food before or while drinking
on Halloween” (DeJong and Smith, 2013, p. 182), targeting descriptive
norms, and “94% of students disapprove of drinking to the point of
passing out, and 55% disapprove of getting wasted” (p. 182), targeting
injunctive norms. These examples note that a majority of a referent
population (i.e., students) regularly enact a positive behavior (i.e.,
eating before drinking), and hold unfavorable attitudes toward the
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problem behavior (i.e., excessive drinking). If individuals determine
that a particular behavior is favorable among a majority of their re-
ferent group, they will be more likely to perform that behavior, and vice
versa.

Some research has studied the role of social norms in bicycle be-
havior (see Willis et al., 2013), but mostly focused on intention to wear
a helmet while riding or the general intention to ride in non-U.S. or
non-student populations. To date, there has not been an application of
the SNA to bicycle lane behavior even though the previously cited re-
search suggests bicycle-related behaviors have a normative component,
thereby indicating SNA-style messages might be influential. According
to the SNA, individuals should intend to ride in a bicycle lane based on
how frequently they perceive a majority of their social group uses bi-
cycle lanes (descriptive norm) and approves of using bicycle lanes
(injunctive norm; Berkowitz, 2004).

1.3. Self-determination theory

Another way to address the problem of low bicycle lane use is to
determine whether students are motivated to use bicycle lanes on
campus. SDT posits that an extrinsically-motivated behavior, and thus
individuals’ intention to enact that behavior, can be incorporated into
one’s self-concept, and be volitionally sustained when one’s needs for
autonomy, competence, and relatedness are satisfied (Ryan et al.,
2008). In SDT, autonomy refers to one’s perception of having control
over his or her own actions, is able to follow his or her own values and
passions, and feels as though he or she is not being forced to perform an
action (Moller et al., 2006); competence is the perception that one can
effectively perform a behavior, given his or her own abilities and/or
access to resources and skills; finally, relatedness is the perception that
one is socially connected and valued by a motivator or message sender
(Ryan et al., 2008). When a message source shows respect for an in-
dividual’s right to choose, provides the needed skills or knowledge, and
demonstrates interpersonal warmth and understanding, prosocial be-
havior is more easily facilitated (Deci and Ryan, 2012).

A review of communication campaign literature shows sparse ap-
plication of SDT, despite its potential utility in designing messages to
change behavior and behavioral intention (Pelletier and Sharp, 2008)
with its focus on basic psychological needs, which parallel the con-
structs of other behavior change theories. The most notable of these
constructs in health-related theories is the need for competence and
self-efficacy (Bandura, 2004), or the perception of having the skills to
accomplish goals. Next, the need for autonomy is seen in psychological
reactance theory (Brehm and Brehm, 1981; Dillard and Shen, 2005),
the perception that a message threatens a person’s freedoms drives
restoration of freedoms. Likewise, in theories of face/facework (Brown
and Levinson, 1978; Lim and Bowers, 1991), autonomy is a basic
human need, and a threat to autonomy is likely to interfere with per-
suasion. Finally, a need for relatedness can be seen in theories con-
cerning normative influence (Azjen, 1988; Lapinski and Rimal, 2005)
and social support (Burleson, 2003a; Holmstrom and Burleson, 2011),
which note the need to feel connected to some referent other(s) when
interpreting messages. Given the similarities to notable theories used in
communication campaigns, as well as the relationship between its need
constructs and an increased likelihood of enacting and sustaining be-
havior (Hagger and Chatzisarantis, 2009), SDT appears to be fit for
communication campaigns. SDT predicts an individual will intend to
use designated bicycle lanes when they perceive their needs for au-
tonomy, competence, and relatedness are satisfied.

1.4. Integration of SNA and SDT

The SNA and SDT appear to focus on separate, but related, com-
ponents of a decisional process such that SNA addresses only normative
perceptions, and SDT addresses only individual cognitive states. Most
behavioral theories predict behavioral intention with some
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combination of attitude, perceived norms, and perceived behavioral
control (Fishbein and Yzer, 2003). With these in mind, a model com-
bining SNA and SDT constructs could predict intention to use bicycle
lanes. Prior to examining a combined model of SNA and SDT, an initial
study of observational data is needed for formative research purposes. A
second study provides an analysis of psychological variables which
might predict intention to use bicycle lanes.

2. Study 1 research question

RQ1: At what frequency do student bicyclists use bicycle lanes at one
midwestern university?

3. Study 1 methods

The first part of this formative research involves collecting ob-
servational data on a midwestern university campus to assess the state
of bicycling behaviors, including the extent of bicycle lane (mis)use.

3.1. Sample

Study 1 participants were bicyclists on campus observed by research
assistants. Research assistants coded only bicyclists who looked young
enough to be a student. Research assistants were instructed to use their
discretion in determining bicyclists’ age such that if any bicyclists ap-
peared to be faculty or staff, these bicyclists were not coded as student
bicyclists.

3.2. Materials

Instruments used were paper data collection sheets on which re-
search assistants recorded frequencies of bicyclist use of bicycle lanes/
paths and bicyclist use of sidewalks.

3.3. Procedures

Observational data were collected by research assistants over two
days at three different high-traffic intersections in late September of
2015. Each day included distinct time slots to account for variable
traffic patterns throughout a given day (i.e., morning commute, lunch
time commute, or evening commute), resulting in a total of six ob-
servational data sets. During each session, research assistants stood at
one corner of a respective intersection (i.e., an observation site) and
noted the frequency of bicyclists’ behavior at the particular observation
site. In order to come into contact with the observation site, a bicyclist
could bicycle directly adjacent to the observation site, could bicycle
straight through the observation site’s intersection in the direction of
the observation site, or could perform a turn at the observation site’s
intersection. All of these actions were considered as the bicyclist
coming into contact with the observation site. Once a bicyclist came
into contact with the observation site, the behaviors recorded were use
of bicycle lanes and roadways (according to campus ordinance, students
should ride in the roadway when bicycle lanes are not present), and use
of sidewalks continuously or briefly. Other recorded items were time of
day and weather conditions.

Descriptions of observation sites (see Fig. 1) are as follows: 1) Site 1
is a four-way stop with stop signs at all four entries into the intersection
with existing bicycle lanes traveling in all directions, 2) Site 2 is a four-
way stop operated by traffic signal with bicycle lanes being installed in
the future, and was chosen to observe bicyclists’ behavior without a
bicycle lane present; and, 3) Site 3 is a four-way stop operated by traffic
signal with existing bicycle lanes traveling in three out of four possible
directions. Two observational data sets were collected at Site 1 (one
lunchtime commute, one evening commute). Two observational data
sets were collected at Site 2 (one morning commute, one evening
commute). Two observational sets were collected at Site 3 (one
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lunchtime commute, one evening commute).

4. Study 1 results and discussion

Research question 1 aimed to determine the frequency of student
bicycle lane use at the present university. To answer this question,
observations are parsed by observation site, and presented in Table 1.
At Site 1, where bike lanes are present in all directions, 26.50% of
observed bicyclists were recorded riding in the bicycle lane, 72.95%
were recorded riding on the sidewalk continuously, and .55% were
recorded riding on the sidewalk briefly. At Site 2, where there are no
bicycle lanes in any direction, 4.01% of observed bicyclists were re-
corded riding in the roadway, 95.69% were recorded riding on the
sidewalk continuously, and .30% were recorded riding on sidewalks
briefly. Finally, at Site 3, where bicycle lanes were present in three of
four possible directions, 8.03% of observed bicyclists were recorded
riding in the bicycle lane, 91.51% were recorded riding on the sidewalk
continuously, and .46% were recorded riding on sidewalks briefly. No
bicyclists were recorded riding in the roadway where no bicycle lane
was present at Site 3.

Overall, these results demonstrate a widespread lack of bicycle lane
usage on the present campus. However, when bicycle lanes are avail-
able for use in all possible directions for bicyclists (i.e., Site 1), it ap-
pears that bicyclists may tend to utilize bicycle lanes more often than
when bicycle lanes are present in only some possible directions, or not
present at all, and there is mixed research on which types of factors
promote use of bicycle lanes (Duc-Nghiem et al., 2018; Hull and
O’Holleran, 2014; Kaplan, 2015; Ransdell et al., 2013).

Nevertheless, the results of Study 1 indicate that intention to use
bicycle lanes was an important dependent variable to further in-
vestigate when seeking to correct improper bicycle lane use on the
university campus under study.

5. Study 2 hypothesis and research question

H1

A combination of SNA (i.e., descriptive norms and injunctive norms)
and SDT constructs (autonomy, competence, relatedness) will positively
predict student bicyclists’ intentions to use bicycle lanes at one mid-
western university.

RQ2: Is the intention to use bicycle lanes at one midwestern uni-
versity better predicted by a SNA, SDT, or both?

6. Study 2 methods

In order to further assess students’ perceptions of bicycling on
campus and test the proposed hypotheses and remaining research
question, a survey was distributed to undergraduate students.

6.1. Sample

Participants (n = 168) had a mean age of 19.52 (SD=1.34) years,
and were predominantly female (58%). Participants largely identified
as White/Caucasian (79.9%), followed by Asian-American/Pacific
Islander (5.9%), African-American (5.3%), Hispanic/Latino (4.1%),
Multiracial (2.4%), and Other (2.4%). The sample consisted of college
Freshman (33.7%), Sophomores (20.7%), Juniors (25.4%), and Seniors
(20.1%).

6.2. Materials

The instrument used was an online survey created through
Qualtrics. The survey was distributed to a convenience sample of un-
dergraduate students participating in a research pool for course credit.



A. Grayson, et al.

Accident Analysis and Prevention 133 (2019) 105295

LEGEND

ING BIKE LANE

IKE LANE

EXISTING SHARED-USE ROADWAY
Y BIKE PATH

EXIST
FUTL

- f: -1

Fig. 1. Campus map with observation sites, bike lanes, and shared-use roadways.

Table 1
Frequency of observed bicycle behaviors for Site 1 (bike lanes only), Site 2
(roadway only), and Site 3 (bike lanes and roadway).

Site 1 Site 2 Site 3
Riding on Sidewalks Continuously 72.95% 95.69% 91.51%
(n = 2213) (n = 526) (n = 1288) (n = 399)
Riding on Sidewalks Briefly .55% .30% .46%
(n=10) (n=4) (n=4) (n=2)
Riding in Bike Lane 26.50% - 8.03%
(n = 226) (n =191) (n = 35)
Riding in Roadway - 4.01% 0%
(n =54) (n =54)
Total Observations by Site n=721 n = 1346 n =436
(N = 2503)

6.3. Procedures

Data were collected from two separate samples, once in late
September 2015 (n = 336), concurrently with Study 1’s observations,
and once in late October/early November 2015 (n = 334), approxi-
mately one month later. Both samples were filtered such that only in-
dividuals indicating they had a bicycle on campus, and had only taken
the survey once, were included to capture the range of attitudes, be-
haviors, and perceptions of bicycle safety behavior of actual student
bicyclists. Data were then compiled into one dataset using SPSS.
Finally, an anomalous number of participants failed to complete the
injunctive norm measure, perhaps due to similar wording and appear-
ance of the scale used in the descriptive norm measure. A complete
explanation is not available in the present data, and the participants
that did not complete the injunctive norm measure (n = 502) were
removed from the final sample included for analyses. Thus, the final
sample was reduced to 168 participants (n = 168).

6.4. Survey measures

Survey measures included questions regarding participants’ trans-
portation behaviors on campus, their bicycle safety behaviors, their
knowledge of bicycle safety ordinances on campus, and questions in-
formed by SNA and SDT constructs. Other measures concerned parti-
cipant intentions to engage in safe bicycling behaviors such as riding in
bicycle lanes, as well as their demographic information.

The focus of this research is on SNA and SDT constructs as they
relate to intention to use bicycle lanes; thus, only those measures, their
reliability coefficients, and their validity assessment are presented.

6.4.1. SNA constructs

Perceptions of descriptive and injunctive norms were assessed with one
item each on 0 to 100 sliding scales. These single-item sliding scales
have been utilized in studies regarding college drinking (i.e., Glazer
et al., 2010; Park et al., 2011) in which respondents rated from 0-100%
what percentage of fellow students engage in or approve of a particular
behavior. These one-item measures have been used to calculate mis-
perceptions of norms, using self-reported behavior/approval within the
respective sample (Park et al., 2011). In addition, they were correlated
with psychometric variables like sensation seeking and used as pre-
dictors for actual behavior (Glazer et al., 2010). These measures read:
“In your estimation, what percentage of University X’s students who
ride bicycles ride in bike lanes when they are an option?” and “In your
estimation, what percentage of University X’s students do you think
approve of riding in bike lanes?,” respectively.

6.4.2. SDT constructs

Autonomy support (o = .82) was measured with five 5-point, Likert-
type items (1 =strongly disagree, 5=strongly agree) adapted from va-
lidated scales used in past SDT research (i.e., Williams et al., 1996,
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Table 2
Scales, item wordings, and factor loadings.
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Factor Loading

Autonomy Support

1 “I feel University X’s campus gives me alternatives to biking on sidewalks.”

2 “I do not feel that I have many options when it comes to biking safely on campus.”

3 “I feel that I do not have a choice in where I can ride my bike.”

4 “In general, I do not feel that I have any options other than riding

5 my bike on the sidewalk.”

6 “When it comes to being safe while biking on campus, I feel I have multiple ways to do so.”
Competence Support

1 “How confident are you in your ability to ride exclusively in the bike lanes and on the roadway when bike lanes are not present?”

2 “How confident are you in your ability to stay safe while riding a bike on campus?”

3 “How confident are you that you know the bike ordinance on University X’s campus?”

.59
71

.75
.60
.58
.68
.57

.67
.58

Relatedness Support
1 “How interested are you in becoming a part of University X’s bike culture?”
2 “To what degree do you feel connected to other bicyclists?”

3 “How interested are you in interacting with bicyclists on University’s X’s campus?”

Descriptive Norm

.78
71

83
NA

1 “In your estimation, what percentage of University X’s students who ride bicycles ride in bike lanes when they are an option?”

Injunctive Norm

NA

1 “In your estimation, what percentage of University X’s students do you think approve of riding in bike lanes?”

Intention to Use Bicycle Lane

NA

1 “I intend to ride my bicycle exclusively in the bicycle lanes wherever they are an option.”

1998; Williams et al., 2004), including “University X’s campus gives me
alternatives to biking on sidewalks,” and “I do not feel that I have many
options when it comes to biking safely on campus” (Ryan et al., 2008).
Measures for competence support and relatedness support are less
consistent than those for autonomy support and, as such, required the
application of measures not previously validated. Competence support
(a = .70) was measured with three 5-point Likert-type items (1 =not at
all confident, 5= completely confident) that reflected the dimension of
competence, which was concerned with confidence or perceived ability
regarding the execution of a referent behavior (i.e., using bike lanes)
(Standage et al., 2005; Williams et al., 1998, 2004). Past SDT theorizing
and related research has demonstrated that competence and self-effi-
cacy (i.e., confidence in one’s ability to enact a behavior) conceptually
and empirically overlap (Losier and Vallerand, 1994; Martinek and
Kipman, 2016; Ryan and Deci, 2000; Sweet et al., 2012). An example
measures states, “How confident are you in your ability to ride ex-
clusively in the bike lanes and on the roadway when bike lanes are not
present?” (Ryan et al., 2008). While this item represented a double-
barreled question (i.e., “bike lanes and on the roadway”), it was used to
reflect the campus ordinance specifying that bicyclists are to use the
roadway wherever bike lanes are not an option. Relatedness support
(a = .82) was measured with three 5-point Likert-type items (items 1
and 3: 1 =not at all interested, 5=very interested; item 2:1 =not at all
connected, 5=very connected) reflecting theorizing that focuses on an,
“integration of the individual into a larger social whole” (Deci and
Ryan, 2000, p. 253), including “To what degree do you feel connected
to other bicyclists?” (Ryan et al., 2008). Full item wording can be found
in Table 2.

6.4.3. Validity of theoretical measures
Confirmatory factor analysis was performed to assess the validity of

these SDT measures, employing the centroid solution to assess internal
consistency and parallelism (Hunter & Gerbing, 1982) in the corCFA
function in the lavaan R package. The theoretical measurement model
fit the data well according to a number of fit indices. A standardized
root-mean square residual (SRMR), measuring the discrepancy between
the theoretical model and the sample, of less than or equal to .08 de-
monstrates acceptable model fit (Hu and Bentler, 1999). Incremental fit
indices, like the comparative fit index (CFI), indicate the relative im-
provement in a model’s fit with the data compared to the null model in
which there is no covariance among observed variables (Kline, 2016).
The closer this value is to 1.0, the better the fit with the data; it is
generally acceptable when above .90. Another fit index used to evaluate
a model’s fit with the data is the root mean square error of approx-
imation (RMSEA), which is a “badness-of-fit” index that is parsimony-
adjusted, such that model complexity penalizes the measure. The closer
the RMSEA is to 0, the better, and should be at least below .10 (see
Kline, 2016). Finally, the model %> tests the null hypothesis of exact or
perfect fit such that a nonsignificant test indicates good fit. CFA results
found the 3-factor model using SDT items fit the data well,
x2(51) = 103.37, p < 0.001, CFI = .91, RMSEA = .08 90% CI [.06,
.10], SRMR = .07.

6.4.4. Behavioral intention

Intention to use bicycle lanes was assessed with one 5-point Likert-
type item reading: “I intend to ride my bicycle exclusively in the bicycle
lanes wherever they are an option.” This one-item measure was chosen
to reflect past cross-sectional SDT studies that examined the role of
need supports on behavioral intention (i.e., Hagger et al., 2011). Al-
though multiple items to measure an underlying construct are pre-
ferred, the purpose of this paper was to test SDT relationships as they
have been applied in past research. Further, one-item measures have

Table 3
Correlations, means, standard deviations, and reliability estimates of SDT and SNA constructs and intention to use bicycle lanes.
M(SD) 1. 2. 3. 4. 5. 6.
1. Autonomy 3.32(.73) (a =.82)
2. Competence 2.28 (.81) .244%* (a =.70)
3. Relatedness 1.51 (.70) .001 .356% (a =.82)
4. Descriptive Norm 43.08 (21.32) .191* .166* .166* -
5. Injunctive Norm 62.50 (23.96) .187* .034 .024 .367* -
6. Intention 2.64 (1.21) .090* .270% .269% .134* .133* -

*=p < .05.
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Table 4
Regressions of intention to use bicycle lanes on social norms approach and self-
determination theory constructs for student bicyclists.

B(SE) B
Descriptive norm —.001 (.005) —-.014
Injunctive norm .016* (.004) .305*%
Autonomy —.083 (.111) —.054
Competence 503* (.125) .299*
Relatedness .372% ((113) .299%
Constant .168 (.432) -
R? .283
Adj. R? .261
F (df) 12.861* (5, 163)

*=p < .05.

demonstrated reliability across various research settings (Wanous et al.,
1997; Zimmerman et al., 2006).

7. Study 2 results

A correlation matrix of relevant variables, with means and standard
deviations, can be found in Table 3.

7.1. Hypothesis testing

Hypothesis 1 posited that a combination of SNA (i.e., descriptive
norms and injunctive norms) and SDT constructs (autonomy, compe-
tence, relatedness) would positively predict intention to use bicycle
lanes. To test this, bicycle lane use intention was regressed onto the
perception of support for descriptive norms, injunctive norms, au-
tonomy, competence, and relatedness. As shown in Table 4, a sig-
nificant proportion of the variance in bicycle lane use intention was
predicted, F(5, 163) = 12.86, p < .05, Adj. R® = .26, supporting Hy-
pothesis 1, with injunctive norms, competence, and relatedness emer-
ging as significant predictors.

7.2. Research question

Research question 2 asked if the intention to use bicycle lanes was
better predicted by SNA, SDT, or both. To answer this, individual re-
gression coefficients from Table 4 were inspected. As can be seen, the
intention to use bicycle lanes was significantly predicted by injunctive
norm perception, [} =.31, p < .05, competence support, $=.30,
p < .05, and relatedness support, f=.23, p < .05, but not descriptive
norm perception, f=-.01, p = .81 nor autonomy support, =-.05,
p = .46. Therefore, constructs from both the SNA and SDT predict be-
havioral intention, suggesting the combination of the two theoretical
frameworks is most appropriate.

8. General discussion

It was discovered that bike lanes were utilized by only a small
contingent of student bicyclists, while the majority of student bicyclists
rode their bikes on sidewalks. These findings reflect past observational
research (Lavetti and McComb, 2014; Silk et al., 2015) showing that
one of the most consistent high-risk behaviors while bicycling on uni-
versity campuses is not using designated bicycle lanes/paths. Therefore,
as a dependent variable, intention to use bicycle lanes possesses value
when trying to promote bicycle safety on university campuses.

Given the low frequency of bicycle lane use in past research (e.g.,
Lavetti and McComb, 2014; Silk et al., 2015) and in Study 1, it is worth
examining why bike lanes are used so infrequently. Lavetti and
McComb (2014) conducted an observational study on a college campus
in which they found that 100% of the observed bicylists violated rules
and laws. They then conducted an interview study in attempt to discern
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reasons for this. While not focusing only on bike lane usage, the most
frequent reason offered by 89% of the interviewees for not complying
with bicycle use laws was that they did not agree with the rules, or they
simply disregarded them.

In addition to this personal focus, there might be various social
aspects responsible for determining why individuals choose to use bi-
cycle lanes. In examining the results of Study 2, it is possible that stu-
dent bicyclists may need to perceive a sense of approval from their
peers that using bikes lanes is acceptable (i.e., injunctive norm). They
also might need to feel confident in their ability to use bike lanes safely
to protect themselves from motorists (i.e., competence) before they are
comfortable enough to use them. Additionally, they may need to feel a
sense of belonging to the bicycling/greater university community re-
garding bicycle lane use (i.e., relatedness). Given that Study 2’s sig-
nificant predictors belong to two distinct theories, it could also be that a
combination of these constructs is needed to accurately capture stu-
dents’ motivation(s) for using bike lanes, and thus to properly inform a
message campaign that aims to increase behavioral intention to use
bike lanes.

8.1. Theoretical implications for message development

In this study, individuals’ perceptions of how acceptable it is to use
bicycle lanes (i.e., the injunctive norm), their competence or confidence
with respect to using bike lanes, and their relatedness or connectedness
to others while using bike lanes, predicted behavioral intention to do
so. According to past research, most cities and countries were not
promoting the installation of bicycling infrastructure until approxi-
mately 20 years ago (Buehler and Dill, 2016; Pucher et al., 2012). On
the same token, an attitudinal and behavioral survey conducted by the
NHTSA in the summer of 2002 found that only five percent of trips
(n = 2.48 billion trips) taken by bicyclists were in a bike lane, con-
firming that the presence of bike lanes, and subsequently their use, was
relatively new at that time (NHTSA & BTS, 2002). Given the relatively
recent installation of bicyclist infrastructure, and that the injunctive
norm predicted intention to use bike lanes, it could be that the public
perception of bike lane use is not yet fully integrated into transporta-
tion-related norms. With the knowledge that injunctive norms may play
a role in promoting bicycle lane use, peer approval should be con-
sidered in message design.

Comparably, relatedness and injunctive norms somewhat overlap to
a degree in that both constructs involve an individual’s desire to par-
ticipate in a socially-approved behavior. By participating in this so-
cially-approved behavior, a sense of relatedness can be fostered. Given
that relatedness was also a significant predictor of intention to use bike
lanes, it should be evaluated as a construct that could inform message
design.

The fact that descriptive norms did not predict the intention to use
bicycle lanes is informative. Campaigns using normative appeals re-
quire that the promoted norm is at a frequency higher than half of the
population, or else the normative appeal will not have the anticipated
effects on an individual (see Glazer et al., 2010). Given the observed
frequency (actual descriptive norm) of bicyclists using the bicycle lane
was exceptionally small in Study 1, there is little reason for students to
believe the behavior is popular. Additionally, inspection of Table 3 will
show that the mean value of descriptive norm perception falls below
51% in Study 2, which indicates that students believe a minority of
student bicyclists use campus bicycle lanes on their campus. These two
findings demonstrate that if normative appeals are employed on the
campus under study, focus should be put on the injunctive norm and
not the descriptive norm. However, this formative investigation was
conducted on only one campus. Past research has demonstrated that
descriptive norms have been effective at promoting other healthy be-
haviors on university campuses (DeJong and Smith, 2013; Glazer et al.,
2010). If a similar formative methodolgy like the one utilized here was
conducted on another campus, researchers may find the descriptive
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norm to be a powerful tool to promote bicycle lane use for their student
population if a majority of students engage in the behavior and perceive
that others do as well.

The null effect of autonomy support is also instructive, especially
given that competence and relatedness were significant predictors of
intention to use bike lanes. Most SDT research deems perceptions of
autonomy to be the driving force in the internalization process (Ryan
et al., 2008), at times focusing only on it. The present null finding might
indicate that autonomy support matters much less in this context. The
use of campus bicycle lanes might be a behavior that is more “in-
trojected” rather than “internalized” (Deci and Ryan, 2000), meaning
that the behavior is not fully a part of one’s self-concept. Introjected
behaviors are subject only to relatedness- and competence-satisfaction,
not autonomy-satisfaction (Deci and Ryan, 2000). This means that de-
siring to be connected to a group or individual that promotes a behavior
like bicycle lane use could be particularly relevant (relatedness) for the
campus under study, as could perceiving that one is able to ride in
bicycle lanes (competence).

Despite the two null findings presented above, this research de-
monstrates potential for designing a message strategy combining in-
dividuals’ perceptions of how fellow students view bicycle lane use (i.e.,
injunctive norm), along with cues to promote audience members’ sense
of competence and community (i.e., competence and relatedness), may
prove fruitful.

8.2. Applied implications for message development

For Study 2’s significant predictors of bicycle lane use (i.e., in-
junctive norms, competence support, and relatedness support), there
are multiple ways in which these constructs could be utilized in mes-
sage development for increasing intention to use bicycle lanes. One way
would be to create three separate message interventions guided by each
construct individually. For example, messages that support competence
might state, “Using bicycle lanes is the safest way to cycle,” or “Vehicles
are required by law to yield to bicyclists when no bicycle lane is
available.” Ultimately, these messages are about making people feel
able and competent in performing a behavior, and creating awareness
of the tools at their disposal that could promote that sense of confidence
or competence (Deci and Ryan, 2012). A message supporting related-
ness might read, “Using bicycle lanes keeps all motorists, bicyclists, and
pedestrians safe!” This message inspires a sense of connectivity to
fellow bicyclists and to other modes of transportation that might have
otherwise been perceived as hazardous by bicyclists, as well as trust for
the message source (Deci and Ryan, 2012). Finally, an injunctive norm
message might state, “Nearly 2/3 of University X’s students approve of
riding in the bicycle lanes.” This message employs an injunctive norm
in that greater than 51% of University X’s population believes others
should use bicycle lanes. In creating three separate messages interven-
tions, internal validity would remain strong across the constructs, and
measurement of the interventions’ effectiveness would be parsimo-
nious. This would also allow for comparisons between the intervention
conditions to see which intervention has the strongest effect on bicycle
lane behavior.

Another message intervention could combine competence support
and relatedness support into one message intervention considering they
both stem from SDT. With this combination of messages, measurement
of effectiveness could remain relatively parsimonious in that compe-
tence support and relatedness support are similar in nature. A final
combination includes all three constructs in one message intervention.
This combination could be beneficial because competence support and
relatedness support (significant components of SDT) attempt to change
a person’s behavior from within that individual, whereas an injunctive
norm (significant component of SNA) tries to alter an individual’s be-
havior by highlighting society’s view of an appropriate way to carry out
a specific behavior. In this way, developing a message intervention
based on the significant constructs of a SNA and SDT has the advantage
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of enacting an individual’s motivations alongside peer opinion of what
he or she should do. In this type of combined approach, steps would
need to be taken to ensure that all three constructs could be measured
independently and effectively.

There are several combinations of significant predictors that might
be useful to researchers on a different campus or context when em-
ploying the same research methods. For instance, it is possible that
descriptive norms and autonomy support could be significant predictors
for another campus. A descriptive norms message promoting bicycle
lane use could read, “More than 75% of University X’s students use
bicycle lanes.” This message utilizes the necessary majority of a referent
population for an effective social norms campaign (i.e., the behavior in
question is utilized by more than 51% of the population), and is focused
on what students actually do (i.e., descriptive norm). Furthermore, an
autonomy-supportive message might read, “My campus gives me plenty
of options when it comes to using bike lanes safely.” Similar to the
message strategy recommendations above for the current study, these
messages for a different campus could also be used independently of
each other in separate interventions, or they could be used together. If
used together, these messages could be particularly powerful in that the
descriptive norms message highlights that a majority of a student’s
peers are already using bike lanes, and the autonomy-supportive mes-
sage indicates that the individual student has many options to use bi-
cycle lanes safely on campus. In having a student feel like there are
many options to utilize bike lanes safely, while a majority of their peers
are already doing so, has potential for high salience; the student’s in-
dividual level of perceived control is high due to the many options to
utilize bike lanes safely (i.e., autonomy support), and he or she has an
already-existing, compelling example of doing so in his or her peer
group (i.e., descriptive norm).

These constructs, both significant and non-significant, should be
explored in future research in order to effectively design message in-
ductions that will encourage university students to utilize bike lanes.

8.3. Limitations

As discussed above, one limitation of this research is that only one
campus is studied. Thus, its location, size, and traffic infrastructure are
unique to the campus itself, so the findings are not as generalizable as a
study that has the resources to examine traffic dynamics across a larger
sample of university campuses, with a range of sizes, locations, and
traffic infrastructures. This manuscript does, however, show how other
groups could use the same process to develop relevant campaign mes-
sages at their home sites.

Additional limitations of this research are the imprecision of age
judgment for student bicyclists by research assistants, as well as the lack
of data collected on the intentions or perceptions of campus motorists
and pedestrians.

9. Conclusion

Formative research is extremely beneficial when studying message
development in unique environments like university campuses (Atkin &
Freimuth, 2013; Palmer, 1981). Traffic safety researchers on other
campuses might consider using the same formative methodology to
determine their campus’ most unsafe traffic behavior(s), and ascertain
which SNA and SDT message inductions could mitigate any negative
effects resulting from these behaviors. Future research should strive to
implement campaign research to investigate whether the significant
predictors of the SNA and SDT frameworks are effective in increasing
intention to use bicycle lanes or other identified behaviors, and if those
increased intentions lead to behavior change. In addition to further
investigating the SNA and SDT frameworks with respect to increasing
intention to use bicycle lanes, future research should consider collecting
data on the intentions and perceptions of motorists and pedestrians
with respect to commuting alongside bicyclists. This could allow future
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research to ascertain a more complete understanding of multimodal
traffic systems like the one studied here.

Finally, past research has clearly demonstrated that without desig-
nated traffic zones that include bicycle lanes, campus traffic will remain
crowded and hazardous. Thus, future strategic communication and
campaign research is recommended to help facilitate the safe installa-
tion of these campus traffic systems.
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