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Abstract
The National Highway Traffic Safety Administration’s (NHTSA) guideline on state motor vehicle inspection programs recom-
mends that states should maintain a vehicle safety inspection program to reduce the crash outcomes from the number of
vehicles with existing or potential conditions. Some states have started to terminate the vehicle safety inspection program
because of insufficient effectiveness measures, budget constraints, and modern safer automobiles. Despite the consensus that
these periodic inspection programs improve vehicle condition and improve safety, research remains inconclusive about the
effect of safety inspection programs on crash outcomes. There is little recent research on the relationship between vehicle
safety inspection programs and whether these programs reduce crash rates or crash severities. According to the 2011–2016
Fatality Analysis Reporting System (FARS) data, nearly 2.6% of fatal crashes happened as a result of the vehicle’s pre-existing
manufacturing defects. NHTSA’s vehicle complaint database incorporates more than 1.4 million complaint reports. These
reports contain extended information on vehicle-related disruptions. Around 5% of these reports involve some level of injury
or fatalities. This study used these two databases to determine the effectiveness of vehicle inspection regulation programs in
different states of the U.S. A statistical significance test was performed to determine the effectiveness of the vehicle safety
inspection programs based on the states with and without safety inspection in place. This study concludes that there is a need
for vehicle safety inspections to be continued for the reduction of vehicle complaints.

The National Highway Traffic Safety Administration’s
(NHTSA) guideline on state motor vehicle inspection
programs recommends that states should maintain a
vehicle safety inspection program to reduce the crash
outcomes from the number of vehicles with existing or
potential conditions. Some states have started to termi-
nate the vehicle safety inspection program because of
insufficient effectiveness measures, budget constraints,
and modern safer automobiles. According to the report
of the U.S. Government Accountability Office (GAO),
the number of states requiring such inspections dropped
from a high of 31 in 1975 to 16 in 2015 (1). Despite the
consensus that these periodic inspection programs
improve vehicle condition and improve safety, research
remains inconclusive about the effect of safety inspection
programs on crash outcomes. There is little recent
research on the relationship between vehicle safety
inspection programs and whether these programs reduce
crash rates or crash severities. Three U.S. studies that
aimed at finding the relationship between safety inspec-
tions and crash rates over the past two decades (1) have

failed to find ‘‘statistically significant differences in crash
rates in states with inspection programs compared to
those without.’’ This is mainly because of the unavail-
ability of crash data associated with vehicular defects for
all states. Fatality Analysis Reporting System (FARS)
data can provide vehicular defect-associated information
related to only fatal crashes. This shows that research
needs to be conducted with additional resources and in
newer directions.

According to the 2010–2014 FARS data, nearly
6.35% of fatal crashes consisted of vehicles’ pre-existing
defects (2). Newer sources of data (for example, NHTSA
vehicle owner’s complaints data) can fill the current
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research gap. Nationwide studies on crashes related to
vehicle component failure face constraints because of the
lack of nationwide crash data. NHTSA’s vehicle owner’s
complaint database (3) incorporates more than 1.4 mil-
lion complaint reports (as of June 15, 2018). The com-
plaints are filed through several methods (for example,
consumer letters, hotline vehicle owner’s questionnaire).
Around 5% of these reports involve some level of injury
or fatalities. The complaints file contains all safety-
related defect complaints received by NHTSA since
1994. This database includes vehicle-related information
(e.g., manufacturer, make, model, and year), incident
(e.g., involvement of crash or fire), number of injuries/
deaths, fuel type, complaint medium, and other related
information. In addition, the database contains a narra-
tive text field that provides the detailed text content on
the vehicle problem and its consequences.

Earlier Work and Research Context

This literature review focuses on three specific research
areas: (1) studies on the effectiveness of vehicle inspec-
tion, (2) studies on vehicle defect-associated crashes, and
(3) studies on transportation engineering-related hidden
trend analysis using text mining.

Studies on the Effectiveness of Vehicle Inspection

Opinion toward the effectiveness of vehicle inspection
varies. Summers showed that random safety inspections
were as effective as the periodic inspections in preventing
crashes and deaths (4). Loeb et al. developed an econo-
metric model for the efficacy of inspection in reducing
fatalities and injuries using cross-sectional data. They
applied the model with the data from the state of New
Jersey in 1984 and used it as a reference to compare with
other states across the country. This study determined
that the inspection program has positive safety effective-
ness (5, 6).

Garbacz and Kelly implemented a national time-series
analysis to analyze mandated vehicle safety inspections
impact on fatalities (7). This study concluded that the
safety inspection cannot reduce fatalities, nor can it help
to reduce costs. Leigh (8) and Merrell (9) both found no
evidence that inspections significantly reduce fatality or
injury rates. The study of Poitras and Sutter found that
inspections had no significant impact on the number of
older cars on road (10). A study conducted by
Cambridge Systematics showed that the vehicle safety
inspection program prevents one to two safety-related
fatalities per billion vehicle miles traveled in a state with
versus without a safety inspection program (11). This
study found that Pennsylvania, which has had an inspec-
tion program in place, is expected to experience 127 to

187 fewer fatalities each year. Peck et al. are firm sup-
porters of the safety inspection program (12). They ana-
lyzed Pennsylvania vehicle safety inspections data
ranging from 2008 to 2012 and found that the
state safety inspection fail rate for passenger vehicles is
12–18%, far higher than the often-cited rate of 2% (12).
A 2008 study sponsored by North Carolina legislators
compared crash data from Nebraska before and after the
discontinuation of the state safety inspection. This study
did not confirm the effectiveness of inspection in reducing
the fatalities (13). Keall and Newstead showed that the
periodic safety inspection can bring some level of safety
benefits but more frequent inspection than once a year is
not justified (14). Hoagland and Woolley. opposed the
continuation of the inspection program as well (15).
Utilizing a synthetic controls approach examining traffic
fatality data from 2000 to 2015 on New Jersey (ended
safety inspection requirements in 2010), the study con-
cluded that ending the mandatory inspection program
did not result in a significant increase in the frequency or
intensity of crashes resulting from car failure (15).

Studies on Vehicle Defect-Associated Crashes

Very few studies have examined the relationship between
vehicle defects and associated safety implications.
Moodley and Allopi conducted an observational survey
study of parked vehicles to investigate if the vehicles
were adequately safe for driving (16). They found that
24% of these vehicles had tire defects, and 11% of them
had defective lights. To devise methods to evaluate vehi-
cles for safety it is important to find if vehicle defects are
contributing factors to crashes, and if so, which defects
are the most prominent. A United States Department of
Transportation study found that defects in brake system
or tires have been cited as the most frequent cause of
crashes (17). Wolf found that 6% of crashes in trucks
were caused by mechanical failure, whereas the Road
Research Laboratory in the United Kingdom found that
vehicle defects contributed 18% of all crashes (18).
Researchers have found through crash reconstruction
that vehicle defects contributed to 9% of the crashes (19).

A UK study estimated that vehicle defects are likely
to be a contributing factor in around 3% of crashes (20).
The findings indicated that reducing the frequency of
testing of newer vehicles is likely to have adverse road
safety consequences. Schoor and Niekerk attempted to
establish the contribution of mechanical failures in traffic
crashes (21). Data obtained from accident response units
indicates that tires and brakes were the main contribu-
tors to mechanical failures resulting in crashes. Barry
et al. found that an airbag is effective for the survival of
vehicle occupants if a crash should occur. This implies
that in the event of a crash, occupants in vehicles with a
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defective air bag system would have lesser protection
and a higher chance of trauma. Barry et al. also found
that the effectiveness of airbag becomes less clear when
seat belts are employed (22). Kane et al. examined the
complaints related to Toyota models, and this evaluation
resulted in inconclusive findings (23).

Studies on Transportation Engineering-Related Hidden
Trend Analysis using Text Mining

In recent years, several studies have incorporated text
mining in transportation engineering research: consumer
complaint analysis (24, 25), understanding public senti-
ments on safety enhancement and bike sharing (26, 27),
identifying research trends from transportation engineer-
ing conference papers and journals (28–32), crash narra-
tive investigation (33–38), text analytics using social
media mining (25, 33, 39–41), and transportation-related
surveys (42, 43). Ghazizadeh et al. used text mining and
latent Dirichlet analysis (LDA) to identify key patterns
and non-trivial knowledge from the NHTSA complaint
database. The analysis was conducted on a small subset
of the complete data (24). Das et al. used all crash-
associated contexts from the NHTSA complaint data-
base and applied the empirical Bayes geometric mean
method to determine the key contributors and non-
trivial knowledge (44).

This paper is unique in two aspects: (1) for this study
the authors performed text mining and topic modeling
on the large textual content of NHTSA complaint data

to determine the difference between the states regarding
the vehicle inspection policy; and (2) this study incorpo-
rated statistical significance testing to determine the effec-
tiveness of the vehicle inspection policy. This study goes
beyond the current state-of-the-art studies by using two
different datasets and innovative methods.

Data Preparation

Vehicle Inspection Program

Figure 1 and Table 1 show the states with different vehi-
cle safety inspection policies. The states requiring safety
inspections are Delaware, Hawaii, Louisiana, Maine,
Massachusetts, Missouri, New Hampshire, New York,
North Carolina, Pennsylvania, Rhode Island, Texas,
Utah, Vermont, Virginia, and West Virginia. Eleven of
these states require annual inspections, three (Delaware,
Missouri, and Rhode Island) require biennial inspections,
and two (Louisiana and Utah) specify other schedules.
NHTSA standard 1349 C.F.R. Part 570 (Vehicle in Use
Inspection Standards) specifies the minimum require-
ment for brakes, steering, suspension, tires, and wheel
assemblies. The standard is applicable to all states with
the inspection program. The states may include more
inspection programs such as lighting, seatbelt, horns,
wiper blades, and so forth, and specify the corresponding
inspection criteria. GAO found that research on the value
of safety inspections remains inconclusive because of the
difficulty of quantifying its cost and benefits (1).

Figure 1. Vehicle inspection safety programs in the U.S. (1).
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To accomplish the research goal, this study used two
databases: (1) FARS (2011–2016), and (2) NHTSA
Vehicle Complaint Data (1995–2017). Table 2 shows a
comparison between the used databases.

FARS Database

For 50 states, the District of Columbia, and Puerto Rico,
NHTSA has maintained the FARS database since 1975.
The FARS database contains over 989,451 crashes and is
a census of all traffic crashes resulting in fatalities in the
U.S. Specifically, to be recorded, the crash must ‘‘involve
a motor vehicle traveling a traffic-way customarily open
to the public and resulting in the death of a person (occu-
pant of a vehicle or a non-motorist) within 30 days of the
crash.’’ The data come solely from existing documents,
and major sources include coroner reports, police accident
reports, hospital medical reports, states registration files,
and state highway department records. There are more
than 100 FARS data elements in each accident, character-
izing the crash, the vehicle, and the people involved.
FARS data are vital to understanding the features leading
to crashes, such as characteristics of the road, driver, and
vehicles (45). Though there is no comprehensive crash
database for all police-reported crashes in the U.S., data
from FARS can serve as a good substitute for a more
comprehensive crash database for the U.S. The research
team used 2011–2016 FARS data for this study.

NHTSA Vehicle Complaint Database

As another effort to improve road safety, NHTSA keeps
records of public complaints about vehicles and

transportation-related equipment. The data are typi-
cally reported by the vehicle owner and attorneys by
phone, fax, mail, or online. The respondents provide
component failure information and describe its conse-
quences. Analysts at the NHTSA-ODI (Office of
Defects Investigation) identify the failed component
and complete the ‘‘specific component’s description’’
field after receiving the report. The database also con-
tains vehicle characteristics and crash information.
Several records may exist for each incident as a result
of the possibility of multi failure in one event.
Moreover, NHTSA-ODI uses the database as a major
source to identify and analyze safety issues, spot
safety trends for proper impact, track existing recalls,
and order investigations for defects that may result in
safety failure. For ease of searching, NHTSA inte-
grated all recall information and all complaints data
in early 2000. As of June 15, 2018, this database incor-
porates 1,416,390 complaint reports in structured
form with 49 variables. Around 7.26% of these
reports involve some level of injury or fatalities. The
complaints file contains all safety-related defect com-
plaints received by NHTSA since January 1, 1995,
and some incomplete rerecords for earlier years. The
number of reports associated with some level of injury
or deaths is 67,201 (around 4.9% of total complaint
entries). However, approximately 26% of those
complaint reports of injury or death are not
associated with traffic crashes. The research team col-
lected 1995–2017 NHTSA complaint data for this
study. To keep the comparison limited to similar
years, only 2011–2016 NHTSA complaint data were
used for analysis.

Table 1. Details of the Inspection Programs

Inspection program States Details

Annual HI, ME, MA, NH, NY, NC,
PA, TX, VT, VA, WV

States with inspection programs require
an annual vehicle safety inspection

Biennial DE, MO, RI States with inspection programs require
a biennial inspection

Other LA, UT Annual in areas where emissions inspections
are required and biennial in all other areas
in LA; Random roadside inspections in UT

Table 2. Comparison between Used Databases

Database Years of data used Advantages Limitations

NHTSA
Complaint data

2011–2016 � Provide crash and vehicle defect incident data
� Provide vehicle complaint related information

throughout the U.S.

� Limited to complaint data that
were submitted to the NHTSA

� Limited number of variables
FARS 2011–2016 � Contain all fatal crash-associated data for all states

� Contain comprehensive list of variables
� Provide only fatal crash data
� Contribution of vehicle defects is

limited fatal crash data
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Data Analysis

Exploratory Data Analysis

Figure 2 shows key risk factors from two data sources:
(1) FARS 2011–2016 crash data, and (2) NHTSA vehicle
complaint. NHTSA provides two columns on com-
plaints. ‘‘COMPDESC’’ provides short and specific
problem-related complaints, and ‘‘CDESCR’’ provides a
detailed description of the complaints. Risk factors from
NHTSA were determined by a sentence stemming (iden-
tifying the key theme) method. In 2011–2016 FARS
data, 5,685 crashes (around 2.6% of all fatal crashes)
occurred because of vehicular defects. FARS uses a vari-
able named ‘‘MFACTOR’’ to classify vehicle defects.

The top five vehicular defects in the FARS database
are tires, brake, headlight, other lights, and steering. The
NHTSA vehicle complaint dataset has electric system,
power train, airbag, engine, and steering as the top five
factors. The top five defects comprise nearly 85% of all
defect-related fatal crashes in the FARS dataset. For the
NHTSA complaint dataset, the top five defects contrib-
ute to approximately 60% of all complaints. Steering is
listed as one of the top five defects in both datasets. It is
interesting to find that tire is not the significant defect in
the NHTSA complaint dataset. One possible reason is
tire-related issues (for example, worn tires) are likely
caused by roadway hazards rather than the company
branding. The complaints are thus less populated for the
tire-related issues. The top vehicular defects identified
from FARS are in line with the findings of Schoor and
Niekerk (21).

Text Mining and Topic Modeling

Text mining is usually defined as the method that
uncovers and extracts interesting and non-trivial

knowledge from a complex and unstructured or struc-
tured textual content. It incorporates multiple subject
areas including information retrieval, classification, and
other tools of natural language processing. As previously
noted, the NHTSA vehicle complaint database contains
two variables (COMPDESC and CDESCR) with textual
content on the vehicle complaints and their natures. Text
mining is the most appropriate tool for extracting knowl-
edge from these two variables. For text mining approach,
a set of standardized steps are taken. The dataset is
divided into three datasets based on state inspection
approaches: (1) Dataset A: states without inspection, (2)
Dataset B: states with annual inspection, and (3) Dataset
C: states with biennial and other inspection methods.
The authors developed three separate corpora based on
each dataset. Each corpus contains a large amount of
textual context. For example, dataset A contains 22 years
of complaint text descriptions from 34 states. The final
corpora removes all reduction words, punctuation, and
numbers to produce comparisons with more robust con-
texts. The detailed text mining steps are not discussed
here. Interested readers can consult Silge and Robinson’s
book for text mining steps and associated codes (46).

An examination of the word frequencies of each cor-
pus can show interest patterns of each dataset (as shown
in Figure 3). Words that are close to the line in these
plots have similar frequencies in both corpora. Similarly,
words that are far from the line showed higher frequen-
cies in one dataset compared with the other dataset.
Words with high frequencies are colored in gray and
words with low frequencies are colored in green. The dif-
ferences between ‘‘no inspection vs. annual inspection’’
and ‘‘no inspection vs. biennial and other inspection’’ are
not very distinctive. However, closer observation can
reveal some differences. The term ‘‘engine’’ is present for
approximately 10% in all three datasets. Seatbelt issues

Figure 2. Comparison between major vehicular defects among NHTSA complaint database and FARS.
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are higher in frequencies in the text content of the states
with an annual inspection. Similarly, child-restraint
issues are higher in states with biennial or other inspec-
tions. Most of the key terms are similar in both

comparison plots with a few exceptions. Some terms are
present in the annual comparison plot which are not
present in the other plot. These defect-associated terms
are camera, adjusters, blind, alleged, bus, cruise, and
braking. Terms that are not present in the annual plot
(but present in the biennial and other plot) are tether,
indicator, integrated, and saver.

Topic modeling identifies the non-trivial patterns or
topics from an unstructured and complex textual dataset.
LDA is the most popular method for fitting a topic
model. In this method, each document is considered as a
mixture of topics, and each topic is considered as a mix-
ture of words. This method allows documents overlap-
ping in relation to content, rather than being separated
into discrete groups. This process follows the typical
usage pattern of natural language (46). A parameter,
known as the per-topic-per-word probability (b), was
used to examine the probability of a text being generated
in a topic (see Figures 4 and 5). The authors developed
three topics with a list of two words in each topic to use
with the LDA algorithm. The terms are color-coded
based on the dataset type. The top five words in Topic 1
are seat, bags frontal, service, train automatic, and vehi-
cle. The term ‘‘seat’’ has a b value of 0.025. It indicates
that the probability of the term ‘‘seat’’ being generated in
topic 1 is 0.025. The analysis of the terms indicates three
definite patterns of the topics: (1) Topic 1 (restraint, air-
bag, lighting, and exterior), (2) Topic 2 (electric, power,
brake, and transmission), and (3) Topic 3 (airbag, trans-
mission, electric, and fuel).

Figure 3. Comparing word frequencies of three corpora.

Figure 4. Topic 1 terms.
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The top five key topics in dataset A (states without
inspection) are seat, airbag, power, suspension, and train
automatic. The top five topics in dataset B (with annual
inspection) are airbag, transmission, service, brakes, and
train automatic. These terms for dataset C are electric,
transmission, fuel, exterior, and brakes. Terms in dataset
B and dataset C have higher b values than those in data-
set A.

The text mining and topic modeling on the complex
textual content of large NHTSA complaint data reveals
several key differences among the states with different
inspection regulations. However, the observed differences
require further investigation because of the complexity of
the dataset and its incorporation of states altogether for
analysis.

Ranking by States

Given the complexity in data, visualization of data using
all states is difficult. This study used slope graphs to
make this less complex. Figure 6 shows the ranking of
states with vehicle inspection program in the FARS
database when filtered to include records with vehicle
defects only and NHTSA database. Texas and Louisiana
are the two states that remained in their respective ranks
throughout the years (shown in Figure 6). Texas ranked
first in both databases, which is not unexpected because
Texas experienced the highest number of fatal crashes
for the last several years. The top four ranks in the
FARS data remained almost constant over the years
(except ranking change of Pennsylvania and North
Carolina in 2013 and 2014). New York observed a

decrease in ranking from 2011 to 2016 (from fifth to
ninth). One possible reason is the decrease in all fatal
crashes in New York (a 5% decrease from 2011 to 2016).
Massachusetts data show a drop from seventh to twelfth
during 2011–2012 and then gradually reaches the eighth
position in 2016.

For the NHTSA complaint data from 2011 to 2016,
the slope graph clearly shows that there is almost no
change in the top 8 ranked states. For example, New
York ranked second based on yearly NHTSA com-
plaints, whereas it ranked ninth based on FARS dataset
in 2016. New Hampshire observed a gradual decrease of
complaints over the years. State motor vehicle registra-
tion data show that vehicle ownership per 1,000 people
increased by 15% from 2015 to 2016 (47).

For the states without inspection, the ranking changes
are not straightforward. The slope graph (shown in
Figure 7) shows that there is almost no change regarding
the top five rankings in both FARS data that include
records with vehicle defects only and NHTSA complaint
data from 2011 to 2016. Some of the states in FARS
data show wide variations in ranking over the years. For
example, based on FARS data, Kentucky reached the
15th position in 2014 (a sharp change from 2011) and
then moved to the ninth position in 2015. New Mexico
positions at eighth place in 2013, a change from the 15th
position in 2012, observed a sharp decrease until 2015
(ranked at 25th) and then attained a 16th ranking in
2016.

Based on the yearly NHTSA complaints, the top eight
states almost remained the same in the rankings. For
example, Tennessee and Arizona states oscillated

Figure 5. Topic 2 and Topic 3 terms.
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between ninth and 13th ranks from 2011 to 2016.

Additional research and analysis can reveal the reasons

behind the ranking changes, but it is not the scope of the

current study.

Statistical Significance Test

The authors applied statistical significance test to investi-
gate the safety effectiveness of state-maintained vehicle
inspections. It is important to consider monthly data, to

Figure 7. Slope graph of states without vehicle inspections (the top 10 rankings in 2016 are colored in red).

Figure 6. Slope graph of states with vehicle inspections (the top 10 rankings in 2016 are colored in red).
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achieve enough variation to capture the significance, to
perform the statistical significance test of vehicle inspec-
tion status on traffic safety between the states with
inspection and states without inspection. As FARS data
are limited to fatal crashes only, NHTSA complaint data
would be effective in determining the significance of vehi-
cle inspection regulations for different states. To accom-
plish the research goals, three datasets were prepared:

� Dataset 1: Monthly average vehicle complaints
from NHTSA vehicle complaint data (2011–2016)

� Dataset 2: Monthly average vehicle complaint-
involved crashes from NHTSA vehicle complaint
data (2011–2016)

� Dataset 3: Monthly average fatal crashes from
FARS (2011–2016)

The research question is to investigate whether the
mean measures (complaints, complaint-involved crashes,
and fatal crashes) across the states with inspection and
states without inspection change during the two time
periods (for convenience, the first time is named as
‘‘before’’ and the second as ‘‘after’’). The before and after
periods hypothetically considered are 2011–2013, and
2014–2016, respectively. The null hypothesis is that the
mean measures are equal in both before and after years.
‘‘Cohen’s d’’ statistic is used to evaluate the differences in
mean measures. This statistic is used to evaluate the
effectiveness of an intervention (for example, annual
safety inspection) in which the group means are com-
pared. The statistic can be written as:

Cohen0sd =
mean difference

standard deviation
ð1Þ

This statistic can measure the size of the effect in rela-
tion to standard deviation. For example, d = 2.0 indi-
cates that the intervention changed the mean by two
times of the standard deviation.

From Figure 8, the average monthly vehicle com-
plaints of the states without inspection has the effect size
of 2.508 (Figure 8(i)a). This indicates that the mean
monthly vehicle complaint is changed by 2.508 times the
standard deviation. For the states with inspection, this
value is 2.088 (Figure 8(i)b). Both differences are indivi-
dually statistically significant (see Figure 8). The effect
size of the states with inspection program is lower than
the states without inspection. This indicates that states
with inspection anticipate fewer monthly complaints
than the states without inspection. This conclusion is in
the favor of mandatory yearly or biennial inspection
strategies.

Similarly, a significance test on the dataset 2 also
shows that there is an increase in the after year mean
measures when compared with the before years. Both

comparisons are also statistically significant. The effect
size of states without inspection is 0.225 higher than the
states with an inspection. The observation infers that
states without inspection experience a higher number of
vehicle complaint-induced crashes than the states with
inspection. This finding is also supportive of the manda-
tory state inspections.

Analysis on dataset 3 shows that the effect size is sta-
tistically insignificant for the states without inspection.
This implies that there is no clear evidence of an increase
in fatal crashes for the states without vehicle inspection.
The significance test for the states with vehicle inspection
shows significance at the level of 0.05. This means there
is not enough information available to show if there is
any difference between the states with and without an
inspection program. Thus, a conclusive finding from the
significance test cannot be achieved from the FARS data.
Unlike NHTSA data that has the vehicle-related factors
only, FARS includes all factors, and the law enforcement
officer may not be able to record the exact vehicle prob-
lem. This could be the possible reason for the insignifi-
cance. Alternatively, it is possible that the inspection may
have an effect on non-fatal crashes only. This issue would
be an excellent topic for future research.

Conclusions

It is widely believed that the periodic inspection of all reg-
istered vehicles has a potential to reduce the number of
vehicles with existing or potential conditions that may
contribute to crashes or increase the severity of crashes
that do occur. However, the number of states requiring
such inspections dropped from a high of 31 in 1975 to 16
in 2015. Research remains inconclusive about the effect
of safety inspection programs on crash outcomes because
of the limitation of comprehensive databases. This paper
addressed these differences between the states with and
without vehicle inspections by using newer data sources
like NHTSA complaint data.

The study has two major contributions. Researchers
performed text mining and topic modeling on the textual
contents of NHTSA complaint data in effort to understand
the patterns of vehicular defects. The authors applied sta-
tistical significance testing to investigate the safety effective-
ness of state-maintained vehicle inspections.

The findings from the text mining and topic modeling
are below:

� Issues related to the engine are present a majority
of the time in the complaints received from all
states, irrespective of the type of inspection pro-
gram the states have.

� Seatbelt issues are higher in frequencies in the text
content of the states with an annual inspection.

Das et al 9



� Child-restraint issues are higher in states with
biennial or other inspections.

� Most of the key terms are similar in both compari-
son plots with a few exceptions.

� The top five key topics identified in states without
inspection are seat, airbag, power, suspension, and
train automatic. The top five topics in states with
annual inspection are airbag, transmission, service,
brakes, and train automatic. For states with bien-
nial and other inspections, the top topics are elec-
tric, transmission, fuel, exterior, and brakes.

The authors applied statistical significance testing to
investigate the safety effectiveness of state-maintained

vehicle inspections. The analysis used the ‘‘Cohen’s d’’ sta-
tistic to evaluate the differences in mean measures (com-
plaints, complaint-involved crashes, and fatal crashes)
across the states with and without inspection during the
two time periods. For the NHTSA data, the results indi-
cate that states with inspection anticipate a smaller num-
ber of monthly vehicle complaints and complaint-induced
crashes than the states without inspection. This shows
that the mandatory vehicle inspection programs may have
a positive effect on safety. Analysis of the FARS data did
not reveal any evidence that relates to the safety effective-
ness of the inspection program.

Given the number of factors that affect the traffic
safety and the variation among states, it is difficult to

Figure 8. Statistical significance tests. (i) Dataset 1: NHTSA complaint data (all complaints); (ii) Dataset 2: NHTSA complaint data
(complaints associated with crashes); (iii) Dataset 3: FARS crash data.
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isolate the role of a vehicle inspection program. Unlike
most other studies, this study used newer techniques to
identify the safety effectiveness of the inspection pro-
gram. Further research needs to be conducted with tradi-
tional methods such as regression modeling to validate
the results of this study. NHTSA may not receive all the
vehicle complaints and so the results presented in this
study may not be completely unbiased. Future research
can be conducted by accounting for underreporting of
the complaints. Also, as the analysis using FARS data
did not yield any results, it is recommended to conduct
the analysis using other data sources such as national
representative database General Estimates System. It is
also recommended to evaluate the effectiveness of inspec-
tion programs on different crash severity levels.
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