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Alabama at Birmingham, Birmingham, AL, United States

Introduction: Automated vehicle use is rapidly expanding globally. Florida is one of the
leading states for researching, testing, implementing, and operating automated vehicles.
Although driving simulators may create an opportunity to assess user behaviors related
to automated vehicles, their use in this context is not well-documented.

Objectives: This study examined face and content validity of an on-road automated
shuttle route and its congruence to a driving simulator scenario representing the
on-road route.

Methodology: Face validity (i.e., clarity, understandability, congruence) was examined
directly by members of the Institute for Mobility, Activity, and Participation. Content
validity was assessed via a content validity index (CVI) based on inputs from experts who
represented a variety of disciplines. These included computer and information science,
engineering, transportation engineering, rehabilitation science, industrial and systems
engineering, experimental psychology, and driver rehabilitation science.

Findings: Face validity resulted in feedback pertaining to traffic, environment, hazards,
fidelity, and “other” recommendations. Six of the recommmendations were used to
enhance the simulator scenario. For content validity, the CVI scale was equal to 0.83
and was above the acceptable threshold of 0.80. However, on the item level, two
items, i.e., traffic flow (I-CVI = 0.57) and seat direction (I-CVI = 0.67), were rated lower
than anticipated. The ratings resulted in implementing enhancements to the driving
simulator scenario.

Conclusion: Automated vehicle on-road routes can be replicated in a driving simulator
scenario but require a process of examining the face and content validity and refining the
developed scenario as needed to ensure reasonable accuracy.

Keywords: automated shuttle, high-fidelity driving simulator, simulator scenario, on-road route, environmental
congruence, face and content validity
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INTRODUCTION

Automated vehicles (AVs), a rapidly growing technology
in transportation, hold promise to enhance traffic safety,
reduce traffic congestion, and provide new mobility options
(Department of Transportation and National Highway Safety
Traffic Administration, 2016a; Society of Automotive Engineers
International, 2018). Specifically, older drivers may benefit from
the use of AVs to overcome current mobility and accessibility
barriers. Current AV-related opportunities include access to
automated public transportation with fixed routes and schedules,
automated on-demand public transportation, fleet-based shared
AV, and privately owned AVs (Faber and van Lierop, 2020).

Simulators are often used to assess driving performance or to
test interventions in a much safer (than on-road) yet realistic
environment (Campos et al, 2017). Driving simulators are
also frequently used to expose research participants to vehicle
automation (Kauffmann et al., 2018). However, what is unclear
is ensuring that there is close environmental representation
between the simulator scenarios and the on-road route. Such
congruence is critical if user acceptance and adoption practices
are to be examined.

Environment, as a construct, needs to be understood in
greater detail than just its geographical aspects. For example,
environment may include a physical (e.g., road, vehicle, weather,
etc.), social (e.g., interaction with other passengers), temporal
(e.g., past exposures to different environments influencing
experiences in current environments), and virtual (e.g., scenarios
in a driving simulator) dimensions (Baum et al., 2015). Potential
barriers and facilitators appearing in these dimensions may
influence users’ perceptions and, as such, must be examined
in more detail if user acceptance and adoption practices are
to be understood. Ultimately, such understanding will help to
reveal if experience in a driving simulator, ie., a drive in a
virtual environment, can be an adequate and valid representation
of a similar experience in an automated shuttle (AS) driving
in real-world conditions (Classen et al., 2020). Specifically,
environmental factors may affect engagement in the actual task
of interacting with the AV in either virtual mode or on the
road. Moreover, if an automated simulator is used, which is a
representation of reality and not reality itself, careful examination
is necessary before real-world inferences can be made about
adoption practices. Thus, congruence comparisons between the
on-road components of an AS and an automated simulator are
inevitable if a driving simulator is to be used as a substitute for
the on-road AV shuttle experience (Araujo et al., 2007).

There are different forms of validity, such as face and content,
construct (e.g., convergent and discriminant), criterion (e.g.,
concurrent and predictive), and ecological validity. Face and
content validity are means to judge and quantify a measurement
that appears to be acceptable in what it aims to assess according
to laypeople (face validity) and content experts (content validity;
Streiner et al.,, 2015, p. 8). Construct validity is defined as the
degree to which a measurement measures what it intends to
measure (e.g., construct of interest) and is supported over time in
comparison to related or unrelated measurements using similar
(convergent) or opposing (divergent) constructs (Streiner et al.,

2015, p. 235-240). Criterion validity is the relationship between
the measurement of interest to another well-established measure
that uses the same criterion variable, which can be performed
at the same time (concurrent) or in the future (predictive;
Streiner et al., 2015, p. 233). Finally, ecological validity addresses
the context of the environment concerning the measurement
(Streiner et al, 2015, p. 329). As such, we have used face
and content validity as a starting point to embark upon the
continuum of examining and establishing validity.

Face wvalidity improves clarity, understandability, and
congruence while minimizing dissatisfaction among individuals
who may use the measurement (Streiner et al, 2015, p. 79).
According to Lynn (1986), content validity is a two-stage
process. The first stage addresses development of an instrument
being used to measure a content domain of interest (e.g., a
survey to examine the physical characteristics of a suburban
environment and how that corresponds to the actual developed
simulation scenario). The second stage judges and quantifies
the measurement with the use of the content experts’ ratings of
the actual content of interest. Lynn identifies the need to have
at least five expert raters to control for chance occurring in the
agreement among raters. However, Lynn reports that this is
not always plausible in certain content domains and suggests
that as few as three expert reviewers can be used to perform the
ratings. To our knowledge and from the studies reviewed, little
is known about the influence of environmental components on
users perceptions in an AS and a driving simulator running
in automated mode. Automated simulator research reveals
that environmental components, such as weather or scenario
design, can influence users’ perceptions of the experience
(Payre et al., 2016; Koglbauer et al., 2018). Therefore, empirical
examination of environmental components may reveal a
greater understanding of users’ perceptions and, eventually,
of how these factors influence adoption practices of AVs
(Schoettle and Sivak, 2014b).

As part of a larger study testing older adults’ perception of
AV acceptance and adoption practices (Classen et al., 2020), this
study examines face validity and quantifies content validity of
a driving simulator scenario (Level 4; Society of Automotive
Engineers International, 2018) and the on-road route of an AV
shuttle (Level 4; Society of Automotive Engineers International,
2018). The rationale for this study derives from a few fronts. First,
AV technology is receiving increased interest among researchers,
localities, industry, and the public. As such, there is an increased
need to understand how the environment influences consumer
engagement. Second, literature is emerging to indicate that
researchers are examining users experiences or perceptions as
they interact with the automated simulator as an adjunctive mode
to ASs. However, a paucity exists in the literature to (a) clearly
identify environmental variables, (b) document their potential
impact on user experience, and (c) quantify the congruence
among a simulator scenario designed for a driving simulator
running in automated mode vs. an on-road route used by an AS.

Therefore, the objective of this study was 2-fold: (a) assess
the face validity of an AV on-road route with a corresponding
AV simulator scenario route and (b) quantify the congruence
between the simulator scenario route and the on-road route. Our
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assumption is that greater congruence between the characteristics
of the two routes will also lead to increased congruence in
user perception and, as such, that the simulator may be used
as a substitute or adjunctive mode for AV adoption and
acceptance studies.

MATERIALS AND METHODS

The University of Florida’s institutional review board approved
the study as exempt (IRB201902699). This study is a subsection
of the parent study that investigated drivers’ perceptions of AV
technology when exposed to an AS and an automated driving
simulator. This current study uses classical test theory techniques
to examine the face and content validity of a simulator scenario
that replicates the on-road route for an AS.

Participants

The face validation was performed via obtaining feedback
from seven participants affiliated with the University of
Florida’s Institute for Mobility, Activity, and Participation. These
participants included four Ph.D.-level doctoral students as well as
three research faculty members.

The content validation was performed via inviting feedback
from seven national experts who represented the fields
of computer and information science and engineering,
transportation engineering, rehabilitation science, industrial
and systems engineering, experimental psychology and
transportation, transportation research and development,
and driver rehabilitation science.

Equipment and Routes

Simulator

The Realtime Technologies Inc. (RTI; Royal Oak, MI) RDS-
2000 driving simulator is used in this study (see Figure1). It
is a high-fidelity and multisensory simulator configured on a
computerized platform that is customizable and scalable. The
driving simulator is an immersive full-car cab with seven visual
channels, which provide high-fidelity graphic resolution of a
realistic driving environment. Three of the visual channels are
located in front of the vehicle providing a 180° field of view;
one channel is in the rear of the vehicle (visible using the
rear-view mirror), two are built into the side mirrors, and the
remaining one is the virtual dash, which displays the instrument
cluster. In addition, the driving simulator provides component
modeling; steering feedback; spatialized audio with realistic
engine, transmission, wind, and tire noises; and an automated
driving system (Society of Automotive Engineers International,
2018, p. 3, 5, 29) feature to turn the simulator into AV mode. The
visual display operates at a 60-Hz refresh rate to support smooth
graphics projected onto three flat screens with high-intensity
projectors. An operator station situated at the rear of the vehicle
overlooks the driver, vehicle, and screens and allows the operator
to control and monitor all aspects of the experiment.

AS

The study uses a Transdev’s EasyMile EZ10 AS (Level 4, Society
of Automotive Engineers International, 2018) that can transport
up to 12 passengers (see Figure 2). The AS is fully electric and
embeds automated driving capabilities to be integrated in an
automated road transport system for public transportation—in
private areas or cities at a speed reaching 28 mph. Participants
ride in this AS in a low-speed (<15 mph) environment (see
Route Description). A Transdev engineer developed the mission
file, which specifies the desired goal points as the system
autonomously generates a route and then executes the path. The
AS uses Lidar, cameras, and GPS to survey the environment and
continually decides upon the best motion behavior. The EZ10 can
operate in two driving modes: (1) the automated mode in which
the vehicle is self-driven and follows its programs and missions
and (2) the manual mode, in which an operator drives the EZ10
manually with a remote control. The operator may shift the
shuttle into manual mode if unplanned hazards (i.e., roadblock,
construction, etc.) arise. Additionally, the operator is onboard
to aid passengers that require mobility assistance, inspect and
provide vehicle maintenance, and control the shuttle’s climate.

FIGURE 1 | RTI high fidelity simulator.
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Route

This study utilized two routes. The first was traveled by the AS on-
road. “On-road” refers to publicly accessible roadways (including
parking areas and private locations that permit public access)
that serve a mix of users of vehicles of all classes and driving
automation levels (including no driving automation) as well as
motorcyclists, cyclists, and pedestrians (Society of Automotive
Engineers International, 2018). The second was a scenario built
for the automated driving simulator based on the features and
characteristics of the road course.

Route description (see Figure3). The AS starts in the
downtown parking garage (220 SE 2nd Ave., Gainesville, FL),
exits the parking garage, and travels south on 2nd Ave. It turns
right on SW 2nd Ave. and continues to the roundabout at
10th St., where it loops around and returns to the parking
garage. This environment poses ambient traffic and may include
interactions with pedestrians, cyclists, and other road users. For
visual representation of the route see Figure 3. The route includes
7 crosswalks, 4 primary intersections (2 merge yields, 1 yielded
left turn, and 1 stop), and 15 streets that intersect the route.

Wi 00
| v
{[F L

FIGURE 2 | Gainesville automated shuttle.

* Orange line: Start, south/west direction (< 25 mph)
* Blue line: Return, east/north direction (< 25 mph)
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FIGURE 3 | Road course for the automated shuttle in downtown Gainesville FL.
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Participants are expected to ride in the AS for 10 min at a low
speed (<15 mph).

The computer science engineer on this research team
developed a simulator scenario for the RTI driving simulator,
driving in level 4 automated mode to represent the on-road
route described. The simulated drive includes a combination of
ambient and scripted traffic that interacts realistically with other
road users based on human behavior/decision models and real-
time, physics-based vehicle dynamics calculations. The simulator
scenario for this study utilizes the automated driving systems
for a 10-min automated drive, built to replicate the AS on-
road experience described in Route description above. To build
the scenario, the team consulted with the traffic operations
manager, mobility manager, and the AS engineers and operators
of TransDev; utilized Google maps to preview the projected
route; recorded a video of the on-road route outside of peak
traffic hours (8-6 pm), and performed an environmental analysis
of the media to log the characteristics of the environment (e.g.,
road signs, road features, ambient traffic, buildings, glare from
the sun, etc.). Next, an incremental procedure was used to lay out
the roadway network, place static objects, apply custom texture-
mapping to enhance congruency, script dynamic events, and
adjust parameters to achieve the final scenario, which represented
the on-road route and included low-to-moderate speed (15—
30 mph) in the city area with realistic road infrastructure,
buildings, and ambient traffic. The simulator system was capable
of handling all aspects of the dynamic driving task (DDT;
Society of Automotive Engineers International, 2018, p. 6) as
per the level 4 SAE guidelines. The video of the simulator
scenario can be viewed from https://www.youtube.com/watch?
v=kDObiycJUxA&feature=youtu.be.

Procedure
Face Validity
Nevo (1985) discusses three types of raters that may assist
with assessing face validity (e.g., those who are intended
to use the measurement, non-professionals who work with
measurement, or the general public). As such, the authors
followed standard procedures and used individuals who work
with the measurement, seeking consensus among the raters
on the measurement to improve clarity, understandability, and
congruence. Face validity, a measure of whether an event truly
represents what it intends to represent (Shah et al., 2018), was
conducted via a PowerPoint presentation to seven members
of the Institute for Mobility, Activity, and Participation as
previously described (see Participants). The characteristics of
the AS’s on-road route and simulator scenario were presented
using Microsoft PowerPoint® and video clips of both routes.
The members were instructed that the recording of the simulator
scenario was not intended to be an absolute replica of the on-road
route, but rather a realistic representation of the on-road route.
A list of the 10 incongruences between the on-road route and
the simulator scenario were also presented to the group members
(see Table 1).

An independent facilitator encouraged discussion among
the group members and solicited feedback. A guide was used
to solicit input on the congruence of traffic conditions (e.g.,

number of vehicles on the road, intersections, crosswalk, or
signage), aspects of the physical environment (e.g., suburbia,
parking lots, building styles, vehicle type or presence), hazards
(e.g., pedestrian crossing abruptly, car pulling out, work zone),
physical and emotional fidelity (Hirsch and Rosenthal, 2017;
i.e., believability of the scenario); and suggested modifications
(i.e., reccommendations to improve the scenario). The solicited
feedback was documented, discussed with the computer science
engineer, and used for further refinement of the simulator
scenario. The refined version of the simulator scenario was
discussed in team format for further input, prior to acceptance
by the research team.

Content Validity

The authors used purposeful sampling, also known as purposive
sampling, with seven national experts. Purposeful sampling is
a valid method according to Maxwell (2012) for investigating
and establishing (or not) the content validity of a measure.
The team solicited feedback to examine the congruence and
content validity of the routes, i.e., the characteristics of the
simulator scenario as a believable representation of the on-
road route (Lawshe, 1975; Lynn, 1986; Grant and Davis, 1997).
The standard procedures outlined by Lynn (1986) were used
to assess item-content validity index scores, and procedures
from Polit and Beck (2006) were used to assess scale-content
validity index scores. Lynn identifies that a 3-, 4-, or 5-
point scale is an acceptable format for assessing the content
validity index. To facilitate the process, the team developed
a 17-item content validity survey on a 3-point Likert scale
(1 = mildly alike, 2 = moderately alike, and 3 = mostly
alike) using the Qualtrics platform. Each of the survey items
compared the on-road route to the simulator scenario and
provided a “congruence” strategy or a rationale for the item
featured in the on-road route and the simulator scenario. For
example, for item #16 “Environmental signage: Number of
yields and stops,” the congruence strategy was “Programmed
in the simulator scenario to be exactly the same as the on-
road route.” Based on this information, the content experts
rated each item and provided comments to support their
rating. Each content expert received an e-mail outlining the
instructions for participation, access to the content validity
survey, and a PowerPoint presentation with video footage on
the characteristics of the on-road route and the simulator
scenario route. The content experts completed the survey
and provided narrative feedback as they deemed appropriate.
Data were collated and exported to Microsoft Excel®. The
team sought a high level of agreement among the content
experts as indicated by an item content validity index of
>0.86 (Lynn, 1986) and scale content validity index of >0.80
(Polit and Beck, 2006).

Data Analysis

Face Validity

Notes taken during the facilitated face validity discussion
were analyzed via content and thematic analysis (Ravitch
and Carl, 2016, p. 216-219, 244). Through this process,
major themes were identified pertaining to environmental
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TABLE 1 | Description of the difference between the environment design features for the automated shuttle vs. the driving simulator.

Automated shuttle Automated simulator

Incongruence rationale

Capable of a 360° field of Capable of a 180° field of
view view

Cab Car cab

Passenger seat Driver seat

Limited user controls User controls
Limited vibration feedback

Vehicle vibration feedback

Operates on battery system
Realistic environment

Operates on power grid
Virtual environment

Urban backdrop Mountain backdrops

Field of view is always 180° but participant can turn their head in on-road environment with continual
immersion but turning head in simulator will results in potential increase in simulator sickness or no visual
cues from screen

Automated shuttle has no primary controls (gas, steering, and brake), includes a safety operator, and
has six seats and standing room. The simulator is integrated in a full car cab that can accommodate a
driver and passengers in the front and back seats

Participants have a choice of one of six seats in the shuttle, whereas participant sit in the driver seat in
the simulator

Participant has no active engagement with controls in the shuttle as the safety driver operates the
controls as needed

Gas, steering, and brake controls are evident in the simulator, but participants have limited interaction
with the controls due to the level 4 automation

Participants in the shuttle experience vibration; while those in the simulator experience engine sounds vs.
actual road-surface vibration

No obvious differences are observed from the participant perspective

Participants experience real-life engagement in the shuttle; but virtual immersion in the simulator (Hirsch
and Rosenthal, 2017)

The shuttle presents a backdrop including buildings, parking lots, trees, etc. as expected in a city area;

whereas the simulator presents a mountainous backdrop, purposefully to mitigate SS, yet it does not
represent a suburban setting in FL

Random pedestrians Programmed pedestrians

In the shuttle’s environment pedestrians are encountered randomly and depending on the time of day

may vary in quantity; however, the simulator environment does not provide variance as pedestrians were
programmed to appear at the same time and location for all runs

Street crossing Street crossing

In the shuttle’s environment pedestrians demonstrate unpredictable behavior during crossing the

crosswalks, e.g., may walk outside of the painted lines. However, in simulator the pedestrians are
crossing the street appropriately

Bi-directional road without a
turn lane or median

Bi-directional road with a
turn lane and median

The shuttle’s environment presents a turn lane next to the median; however, the simulator’s environment
does not support a median separation or turn lanes. This is due to a lack of available road tiles with

matching characteristics

(in)congruence between the on-road route and the simulator
scenario route. Through team discussions, the coded findings
were displayed. Limitations of the simulator graphic software
indicate that some incongruences (e.g., changing the size of
the roundabout) could not be managed. Likewise, improving
graphical detail (e.g., higher resolution and texture maps) to be
more realistic would cause video rendering issues. As such, the
team had to consider trade-offs for optimum congruence and
reasonable expectations given the simulator software. Through
an iterative team process and consensus (Cho and Trent,
2006), recommendations were made for refining the simulated
scenario route.

Content Validity

The content experts’ ratings were analyzed at both the item level
of the content validity index (I-CVI) and the scale level (S-CVI).
The I-CVI score reflected the proportion of the seven raters who
scored an item as congruent (i.e., 3 = mostly alike). Acceptable
I-CVT levels are calculated as a proportion of rater scores that
are likely to be between 0.80 and 1.00 (Polit and Beck, 2006). For
example, a score of 0.86 signifies that six out of the seven content
experts rated the items as mostly alike, whereas a score of 0.71 or
below indicates that five or fewer content experts rated the item
as mostly alike. The S-CVT is the percentage of I-CVI that were
acceptable, utilizing the >0.86 criterion (Polit and Beck, 2006).

RESULTS
Face Validity

The analysis yielded five themes with comments related to traffic
conditions (five comments), environmental conditions (seven
comments), hazards (three comments), physical and emotional
fidelity (two comments), and “other” recommendations (four
comments). Moreover, the group members commented on
congruence (six comments) as well as incongruence (15
comments) and made valuable suggestions for improvements (15
comments) as well as “other recommendations” pertaining to
these themes as summarized in Table 2.

In summary, group members recommendations included
modifying the quantity and variety of pedestrians and vehicles,
addressing pedestrian and vehicle model behaviors (e.g., turn
signals, jaywalking, etc.), improving pedestrian crosswalk design
and signage, and adjusting the height of buildings and vegetation
within the environment. In response to this input, the following
six recommendations were implemented to refine the simulator
scenario and improve congruence between the on-road route and
the simulator scenario:

1. Diversified the type of crosswalks and added pedestrian
crossing warning signs before each crosswalk.

2. Added more foliage to the simulation scenario to
better separate the residential and suburban parts of
the environment.
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3. Adjusted the height of an apartment building to be
more congruent with the environment view from the on-
road route.

4. Changed the turn signals for two vehicles entering the second
roundabout to represent appropriately the direction of travel.

5. Diversified the type (i.e., age, gender, and race) of pedestrians
and added more pedestrians to the simulator scenario.

6. Added a pedestrian who was jaywalking.

The recommendation pertaining to having fewer vehicles in the
roundabout of the simulator scenario was not addressed as the
item adequately represented the traffic variability that may have
occurred at various time points in the suburban environment.

Content Validity

The content experts rated the 17 items on the survey and
provided qualitative feedback. The results indicate that there was
a need for only one round of expert reviews (see Table 3) as the
S-CVI indicated a score of 0.828, which was above the threshold
of 0.80 (Polit and Beck, 2006). However, on the item level, the
traffic flow (I-CVI = 0.571) and seat direction (I-CVI = 0.667)
items were rated lower than anticipated. Experts rated the traffic
flow question lower due to how the automated simulator stopped
(e.g., braking abruptly) and because the pedestrians, for example,
did not have smooth actions as they were crossing the road. The
low rating for seat direction was due to the fact that the AS was
moving bidirectionally and had seats that face toward the center
of the AS although the driving simulation scenario proceeded
unidirectionally with seats facing only forward toward the path
of travel.

The three other items that represented a CVI score below
0.71, i.e., traffic patterns, intersection management, and number
of people in the vehicle, were discussed to examine how the
raters recommendations can be implemented. First, reviewers
recommended correcting the improper turn signals for the
vehicles entering the roundabout. Second, reviewers discussed
the size difference between roundabouts and the lack of a
median with vegetation. Third, recommendations regarding seat
direction were discussed in the question pertaining to number of
people in the vehicle, which was previously covered in the seat
direction item.

The qualitative feedback provided by the content experts
addressed aspects of the driving simulator and the simulator
scenarios as follows. First, two content experts identified a
need to modify the quantity and variety of pedestrians and
vehicles to be more representative of those appearing in the on-
road route. Second, two content experts suggested making the
roundabout smaller to be more representative of the on-road
route. Next, three content experts suggested more realistically
addressing user behaviors. For example, the experts suggested
considering jaywalking or failure to use a turn signal when
turning to be consistent with the on-road pedestrian and
vehicle behaviors. In terms of the external environment, three
content experts suggested improving the height of buildings
and increasing the density and variety of vegetation within the

TABLE 2 | Content and thematic analysis to determine face validity between the
simulator scenario route and the on-road route.

Themes

Comments on
congruence

Comments and recommendations
on incongruence

Traffic conditions

Environmental
conditions

Hazards

Physical and
emotional fidelity

Other

recommendations

e The timing of cars,
pedestrians, and
cyclists
encountered were
similar between
the two routes

e The number and
visual
representation of
cyclists were
similar between
the two routes

® The buildings
were similar in the
two routes

The construction
zones were similar
in the two routes
The vehicles in the
simulator scenario
entering the
roundabout,
accurately
represented the
on-road route

Stationary vehicles

were accurately

represented in
both routes

No comments

* No comments

e The simulation scenario lacks
traffic intersections signal lights but
matches the planned route. No
recommendation since the route
does not have a signal intersection

e The crosswalkk markings are

indicated with red instead of white

lines. The recommendation was to
revise the crosswalks to match the
on-road route

A greater number of pedestrians

appeared in the on-road route. The

recommendation was to increase
the number of pedestrians in the
simulation scenario

e Compared to the on-road route:

o More traffic appeared in the
simulator scenario. However, the
recommendation was not to change
the traffic as it reflected suburban
environments

o The simulator scenario had less
vegetation

o The simulator scenario appeared
more city-like and less suburban
Scenes in the simulator scenario
could be observed with greater ease
potentially due to programming that
occurred more systematically (e.g.,
the pedestrian crossing the
crosswalk) in the simulator

e Compared to the on-road route:

o No illegal street crossing
(jaywalking) appeared in the simulator
scenario

o No instances of multiple
pedestrians crossing the pedestrian
crossing occurred in the
simulator scenario

e The participants recommended
obtaining video footage from the
automated shuttle (vs. the video
footage from the sedan vehicle)
to improve fidelity between their
perceptions of the on-road route
and simulation scenario

Compared to the on-road route

o The automated vehicle simulation
stops abruptly

e Compared to the on-road route:
o The simulation building height was
not accurate near the first roundabout
o The simulation roundabouts had
more vehicles driving through them
e The simulation had incorrect turn
signal use for two vehicles entering
the second roundabout
o The simulation scenario lacked
diverse pedestrian models
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TABLE 3 | Item Content Validity Index (I-CVI) and Scale Content Validity Index
(S-CVI) Scores.

Variables Iltem I-CVI I-CVIRange S-CVI Mean
Physical environment Total 0.67-1.00 0.83

Driver role 1 0.86

Number of people in vehicle 2 0.71

Drivers’ line of sight 3 0.86

Seat direction 4 0.67

Suburban environment 5 0.86

Speed limit 6 0.86

Traffic flow 7 0.57

Weather 8 0.86

Modes of transportation 9 0.86

Street parking 10 0.86

Public transportation 11 1.00

Traffic pattern 12 0.71

Environmental components 13 1.00

Intersection management 14 0.71

Time-based events 15 0.83

Environment signage 16 0.86

Driver behaviors 17 1.00

The entire survey, with completed questions, is available from the corresponding author.

simulated environment for greater consistency with the on-
road route. Finally, two content experts noted that the AS
followed a bidirectional route, whereas the simulator traveled
on a unidirectional route. These experts reccommended changing
the route of the AS to indicate a unidirectional route, a
recommendation that was not implemented due to limitations in
the design. Additionally, two content experts noted the effect of
sun glare that was not captured in the recording of the on-road
route. Although an important observation, the effects of glare are
mitigated in the shuttle via tinted windows. Last, another content
expert observed visual distortions at the horizon while objects
in the simulation appeared or disappeared as well as the lack of
shadows and the need to improve the resolution of the graphics.
As such, the qualitative feedback of the content experts was used
to improve the congruence between the on-road route and the
simulator scenario.

DISCUSSION

The purpose of this study was to assess the face and
content validity of an AS on-road route and an automated
simulation scenario.

Consistent with recommendations from the literature
(Hardesty and Bearden, 2004), we included seven members to
provide feedback on the face validity of the on-road route and
the driving simulation scenario. A benefit was that the team
members were affiliated with the driving institute where the
study occurred and, as such, had content knowledge related to
the actual scenario design and development. On the other hand,
such a priori knowledge could have biased the members in their
feedback. For example, no member discussed the mountain

range (see Table 1) in the background of the simulator scenario.
Most likely the team members were familiar with driving
simulator technology, understood that this was a simulator
design issue and a favorable mitigation strategy for simulator
sickness reduction (Stern et al., 2017). Particularly, a backdrop
against a foreground mitigates simulator sickness symptoms,
such as dizziness, sweatiness, and queasiness (Lin et al., 2002).
Nevertheless, the 15 comments from these members guided the
refinement of the simulator scenario and promoted congruence
between the on-road route and the simulator scenario.

The content experts represented academic, scientific,
and/or industry fields appropriate to provide specialized
knowledge pertaining to either automated vehicles and/or
driving simulation and scenarios. As such, even though some
feedback was similar to that presented by the members of the
face validity focus group, other feedback was more specialized.
For example, content experts specializing in transportation and
simulation noted that bidirectional travel on the AS route as well
as experiencing glare from the sun may alter the perceptions of
the participants if they are not exposed to similar characteristics
during the driving simulation scenario. Such specialty knowledge
helped educate and inform the team on the potential impact of
design features on participants’ perspectives.

Overall, the findings of this study suggest that the face
and content validity participants identified similar incongruence
between the on-road route recording and the automated driving
simulation. However, content experts were able to recommend
additional content-specific recommendations based on their
expertise. For example, one content expert who specializes in
simulation noted the horizontal visual distortion that would
appear and disappear. These unique expert perspectives provide
valuable information that may consciously be missed by
a layperson.

The current literature supports the notion that environmental
components have implications for the user experience (Schoettle
and Sivak, 2014a; Chapin et al., 2016; Eby et al., 2017).
Specifically, the virtual environment is an important component
in addressing fidelity to real-world context. In the absence of
doing so, a challenge exists to capture realistic perceptions and
behaviors of users exposed to it (Philips and Morton, 2015). Thus,
programmers in collaboration with researchers must decide a
priori on key design features to include for optimal programming
of pedestrian, vehicle, and environmental features. Only then can
the realism between the two modes increase to represent a high
level of physical and emotional fidelity (de Winter et al., 2012).

During face and content validation, the participants noted
incongruence in pedestrian behaviors, vehicle modeling
behaviors, and environmental characteristics between the
on-road route and the simulator scenario. Such attention to
detail is expected to not only enhance the congruence between
the road and the simulator routes, but also increase the user
experience when exposed to the on-road route and the driving
simulator scenario.

Even though sophistication in simulation scenario planning,
development, and design exists, we have also encountered
challenges. First, at the onset of the study, we were unable
to record the AS road route from inside the shuttle due to
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federal restrictions (Department of Transportation and National
Highway Safety Traffic Administration, 2016b). Therefore,
experts viewed a video of the road course that was recorded
in a standard vehicle traversing the route of the AS instead.
Although it is a suitable alternative, some design features, e.g.,
tinted windows in the shuttle, were not available in the vehicle
used for the recording, and as such, glare was identified as a
challenge. Luckily, this was not a barrier or distractor in the
actual shuttle due to its tinted window feature. Other limitations
pertain to the size of the roundabout, graphical detail, lack of a
dedicated turn lane or center median, limited animated models
available to use as pedestrians, and the vehicle’s direction of travel
(e.g., bidirectional in the AS but unidirectional in the automated
simulator). The researchers acknowledge that establishing face
and content validity is a starting point in psychometric testing.
As such, hypothetical bias, which may be present in this initial
stage of the study, must be considered as the researchers embark
upon further validity testing, which will include convergent and
divergent construct validity, concurrent and predictive validity,
and ecological validity. The team considered these limitations
and the trade-offs for optimum congruence.

The study also features strengths. We collaborated with
stakeholders, including the city manager and mobility manager
of Gainesville, industry (e.g., Transdev, Inc.), and stakeholders at
the University of Florida Transportation Institute for Knowledge
Translation. The knowledge generated through this study
supports the use of a driving simulator to expose individuals
to AV technology. Through the process of examining and
establishing face and content validity, valuable information
was solicited from the group members and content experts,
which enabled the team to improve the congruence of an
on-road route and a representative simulator scenario—both
necessary for using these modes in further AV acceptance and
adoption studies.

We acknowledge that bias (Streiner et al, 2015) may be
evident. Such biases include social desirability bias (answering
a prompt in what is perceived as an appropriate way; p. 106),
deviation bias (inclination to answer a prompt with a different
response; p. 111), acquiescence bias (tendency to answer in a
positive connotation, p. 115), and end-aversion bias (propensity
to answer toward the anticipated norm and avoid uncommon
responses; p. 115) to name a few. Although we chose seven
experts from a variety of fields, who had no direct involvement
with the authors’ work, we acknowledge that we could not
empirically control for all of the different forms of bias that
may exist. However, measurement occurs over a continuous and
prolonged period of time, and as such, further psychometric
testing with which inferential statistics are used (e.g., to establish
construct and criterion validity) will help to build and refine the
current level of knowledge. Therefore, no generalizations can be
made at this early stage of investigation, and no predictions or
modeling can be implemented either. However, in our follow-
up work (currently in progress), we will deploy a range of
advanced psychometric testing (especially after we have the data
of all the participants) and also employ regression models to
understand how predictive the two autonomous modes are of
actual acceptance and adoption of the AV technology.

CONCLUSION

Automated vehicle on-road routes can be replicated in a driving
simulator scenario. However, to ensure reasonable accuracy
and realism, a process of examining the face and content
validity is recommended. In this study, inputs from face and
content validity evaluators were used to identify deficiencies
and to improve the developed driving simulation scenario,
accordingly. Our initial research question, i.e., to examine
if congruency can be established between the on-road route
and the corresponding driving simulator scenario, has been
answered in the affirmative. The most accurate approach to
establishing congruency between these two modes is by obtaining
participants’ perspectives and lived experiences, which is also the
next phase of this research.
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