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Abstract 

Background Criminal legal system data are one source for measuring some types of firearm‑related harms, includ‑
ing those that do not necessarily result in injury or death, but measurement can be hampered by imprecise criminal 
code statutes. We quantified the degree of misclassification in Washington state criminal codes for measuring firearm‑
related crime.

Findings In this study of individuals aged 18 years and older who were convicted of a misdemeanor in Washington 
Superior Courts from 1/1/2015 through 12/31/2019, we compared firearm‑related charges as measured with criminal 
codes and with manual review of probable cause documents, considered the gold standard. The sample included 
5,390 criminal cases. Of these, 77 (1.4%) were firearm‑related as measured with criminal codes and 437 (8.1%) 
were firearm‑related as measured via manual record review. In the sample overall, the sensitivity of criminal codes 
was 17.6% (95% CI 14.2–21.5%), and negative predictive value (NPV) was 93.2% (95% CI 92.5–93.9%). Sensitivity 
and NPV were higher for cases with exclusively non‑violent charges. For all cases and for cases with any violent crime 
charge, firearm‑related crimes described in probable cause documents most often involved explicit verbal threats, 
firearm possession, and pointing a firearm at or touching a firearm to someone; almost 10% of all cases involved 
shooting/discharging a firearm. For cases with exclusively non‑violent charges, the most common firearm‑related 
crime was unlawful possession.

Conclusions Criminal records can be used for large‑scale policy‑relevant studies of firearm‑related harms, but this 
study suggests Washington state criminal codes substantially undercount firearm‑related crime, especially firearm‑
related violent crime.

Keywords Firearms, Violence, Epidemiologic measurement

Main text
Inter-personal firearm violence is a significant and 
growing public health problem in the United States 
(US). In 2021, 20,958 Americans died from firearm 
homicide, reflecting the highest rate since the mid-
1990’s and an almost 45% increase from 2019 (Centers 
for Disease Control and Prevention 2023; Davis et  al. 
2021). For every person who dies from firearm homi-
cide, many more are non-fatally injured and experience 
other firearm-related harms, e.g., being threatened or 
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attacked with a firearm, witnessing someone else being 
shot. Accurately measuring firearm-related harms is 
critical to preventing them. However, the US currently 
lacks robust data infrastructure for measuring firearm-
related harms other than fatalities (Barber et  al. 2022; 
Roman 2020).

Criminal legal system data are one source for meas-
uring some types of firearm-related harms, including 
those that do not necessarily result in injury or death. For 
example, police data capture police-reported incidents in 
which someone allegedly used a firearm to intentionally 
injure or threaten another person (Barber et  al. 2022). 
However, police data, which are often de-identified and 
maintained by individual law enforcement agencies, can-
not generally be used to comprehensively link individuals 
over place and time, and they only reflect one stage in the 
criminal legal process (Barber et  al. 2022; Parker 2022; 
Roman 2019). Alternatively, records of criminal charges 
and convictions (hereafter “criminal records”), which are 
often individually-identified and maintained over time in 
centralized statewide databases by the state court system, 
Department of Justice, or other state body, can capture 
criminalized behavior involving firearms (hereafter “fire-
arm-related crime”) and facilitate longitudinal research 
on firearm-related criminal charging, bargaining, and 
sentencing outcomes and the risks of firearm-related 
crime associated with prior criminal charges, convic-
tions, or other exposures (Kagawa et al. 2020; Wintemute 
1998; Rowhani-Rahbar et al. 2015; Swanson et al. 2020). 
Such research has direct relevance for developing and 
refining policies and interventions to equitably prevent 
firearm-related harm, including because convictions (and 
sometimes charges) form the basis of certain firearm pro-
hibitions (Federal Bureau of Investigation 2019; Bureau 
of Alcohol, Tobacco, Firearms, and Explosives 2020).

However, the utility of criminal records for measur-
ing firearm-related harm can be hampered by imprecise 
criminal code statutes that do not distinguish violent 
crimes that involve firearms from violent crimes that do 
not involve firearms. That is, because the information 
available in criminal records is based on state criminal 
code statutes, and not all statutes differentiate between 
violent crimes that involve firearms and violent crimes 
that do not involve firearms, criminal records do not cap-
ture firearm-related violent crime in all states (including 
Washington state, the focus of the current study). Indeed, 
researchers using criminal records have previously com-
bined violent or firearm-related crimes into a single cat-
egory (in Washington and California) (Rowhani-Rahbar 
et  al. 2015; Wintemute et  al. 2018) or used text search-
ing to identify firearm-related violent crimes (in Florida) 
(Swanson et al. 2020, 2016) due to limitations of criminal 
codes.

The objective of this retrospective observational study 
was to quantify the degree of misclassification of firearm-
related violent crime with Washington state criminal 
codes, using manual record review as a gold-standard. 
Understanding the degree of misclassification bias in 
criminal codes can inform more rigorous research and 
development of new coding systems designed to better 
estimate the true burden of violent firearm-related crime 
in Washington.

Methods
Study setting and population
This was a secondary analysis of data used in a larger 
cohort study of risk of subsequent firearm-related vio-
lent crime associated with downgraded misdemeanor 
convictions (i.e., initial felony charges downgraded to 
misdemeanor convictions) (Schleimer et  al. 2023). The 
source population comprised individuals aged 18  years 
and older who were convicted of a misdemeanor in 
Washington Superior Courts from 1/1/2015 through 
12/31/2019. We identified each individual’s first case dur-
ing the study that resulted in only misdemeanor convic-
tions (“index conviction”) and then classified each index 
conviction as downgraded (any initial felony charge) or 
non-downgraded (initial misdemeanor charges only). We 
then selected all defendants with non-downgraded con-
victions and a gender- and age-matched sample of those 
with downgraded convictions. Matching was done with 
a propensity score, predicting downgraded convictions 
based on age and gender, selecting individuals with and 
without a downgraded conviction in a 4:1 ratio with a 
nearest-neighbor algorithm. Cohort members were then 
followed forward in time for new subsequent violent 
crime charges (misdemeanor or felony) in Washington 
Superior Courts through 12/31/2020.

The final analytic dataset was at the criminal case level 
and contained all charges associated with individuals’ 
index conviction and their first subsequent violent crime 
charge, if any, during follow-up (i.e., individuals could 
contribute multiple cases to the analytic data).

Data on criminal charges and convictions were pro-
vided by the Washington Administrative Offices of the 
Courts (AOC) and King County Department of Judicial 
Administration (KCDJA) and are available to qualified 
researchers upon request to AOC and KCDJA.

Violent crime
Violent crimes were measured with the Revised Code of 
Washington (RCW) criminal codes. The RCW is a col-
lection of Washington state statutes, including criminal 
statutes, in which the legislature has identified specific 
behaviors as criminal. In turn, the statutes classify and 
organize the nature of an alleged criminal action as a 
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specific type of criminal charge, which prosecutors use 
as a guide to determine what crimes a defendant will be 
charged with under the RCW. We created two definitions 
of violent crime using RCW codes (Additional file  1: 
Table S1). The first definition was restricted to the Fed-
eral Bureau of Investigation’s Uniform Crime Reporting 
(UCR) crimes of murder and nonnegligent manslaughter, 
forcible rape, robbery, and aggravated assault (hereafter 
“UCR violent crimes") (Federal Bureau of Investigation 
2019). The second definition included other, non-UCR 
crimes that reflect an expansive conceptualization of vio-
lence (e.g., intimidation, threats, and harassment) and 
align with the World Health Organization’s definition of 
violence: “The intentional use of physical force or power, 
threatened or actual, against oneself, another person, or 
against a group or community that either results in or 
has a high likelihood of resulting in injury, death, psycho-
logical harm, maldevelopment or deprivation,” (hereafter 
“non-UCR violent crimes") (Krug et al. 2002).

Firearm‑related crime
Firearm-related charges were measured with both RCW 
codes and manual record review.

RCW codes
We classified cases as having a firearm-related charge if 
criminal records included a firearm-related RCW code 
(Additional file 1: Table S1). With minor exception, fire-
arm-related RCW codes in Washington only identify 
non-violent crimes such as theft of a firearm and viola-
tions related to firearm possession, carrying, and sales 
(Additional file  1: Table  S1) (Washington State Legis-
lature 2022). They typically do not identify firearm use 
in violent crimes, e.g., assault. However, if the criminal 
record indicated the case had a charge for a firearm-
related RCW and a violent-related RCW code (described 
above and in Additional file 1: Table S1), it was classified 
as a violent firearm-related charge. Cases whose records 
only included firearm-related RCW codes were classified 
as non-violent firearm charges.

Manual record review (“alloyed gold standard”)
To establish an “alloyed gold standard” measure of 
firearm-related crime (Bodnar et  al. 2014), four mem-
bers of the research team (AM, RR, AB, AG) manually 
reviewed affidavits of probable cause for each included 
case obtained from Washington county courts. Affidavits 
of probable cause include narrative offense descriptions 
written by law enforcement and are used as evidence to 
justify an arrest. Because affidavits of probable cause give 
rise to criminal charges, we considered affidavits to be the 
most comprehensive measure of firearm-related criminal 
charges available. Cases were considered firearm-related 

if the narrative description indicated that the defendant 
allegedly possessed or used a firearm during the com-
mission of a crime, made firearm-related threats, or was 
in violation of any firearm-related laws. Cases clearly 
involving a non-firearm gun (e.g., BB gun) were coded 
as non-firearm-related per Washington state law, RCW 
9.41.010(12). Team members were instructed to be inclu-
sive in their initial decisions. Another team member 
(JPS) reviewed each affirmative decision. Discrepancies 
and questions were resolved during team meetings. A 
case was classified as violent firearm-related if manual 
review indicated it was firearm-related and the criminal 
record included a violent-related RCW code (described 
above and in Additional file 1: Table S1).

Thematic coding of firearm‑related crime
After identifying firearm-related cases via manual review, 
three members of the research team (JPS, AM, RR) used 
an inductive process to thematically code each case based 
on the probable cause narratives into non-mutually 
exclusive categories for descriptive purposes. Categories 
were refined during the coding process, and questions 
were discussed during team meetings. See Additional 
file  1: Table  S2 for a description and example of each 
category.

Analysis
We compared classifications of firearm-related crime 
based on criminal codes and manual record review after 
restricting our sample to cases in which we had com-
plete data on firearm-related crime from both sources 
(excluding 155 cases in which affidavits of probable cause 
were unavailable). While we had information on crimi-
nal charges and convictions, we focused on RCW codes 
recorded in criminal charges rather than convictions 
since convictions may not correspond well to affidavits of 
probable cause for reasons other than misclassification, 
e.g., because of judge or jury decision making and other 
criminal legal system processes such as plea bargaining.

We calculated overall and violent crime-stratified 
measures of sensitivity and negative predictive value 
(NPV) by constructing a 2 × 2 validation table, cross-clas-
sifying cases according to the two measurement sources 
(Fox et  al. 2020). Considering manual record review as 
the “truth,” sensitivity is the proportion of truly firearm-
related cases, i.e., firearm positive, that are classified as 
firearm-related by criminal codes (i.e., true positives 
divided by the sum of true positives and false nega-
tives). Higher sensitivity is desirable and indicates that 
a larger share of true positives was correctly classified 
by the non-gold standard measure. NPV is the propor-
tion of cases that are classified as non-firearm-related, 
i.e., firearm negative, by criminal codes that are truly not 
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firearm-related (i.e., true negatives divided by the sum of 
true negatives and false negatives). Higher NPV is like-
wise desirable and indicates that the non-gold stand-
ard measure correctly classified a larger share of true 
negatives.

Specificity, i.e., the proportion of truly non-firearm-
related cases that are classified as non-firearm-related by 
criminal codes, and positive predictive value, i.e., the pro-
portion of cases that are classified as firearm-related by 
criminal codes that are truly firearm-related, were 100% 
in this context and thus not reported.

To gain additional insight into the types of firearm-
related crimes that were misclassified and inform bias 
analyses of specific crime types, we presented stratified 
measures for cases with any UCR violent crime charge, 
specific UCR violent crime charges, any non-UCR violent 
crime charge, and exclusively non-violent charges (nei-
ther UCR-violent crime charges nor non-UCR violent 
crime charges). We also described the frequency of fire-
arm-related crime types per our thematic coding.

We used Research Electronic Data Capture (RedCap), 
hosted at the Institute of Translational Health Sciences 
(ITHS) (Harris et  al. 2009), and Microsoft excel for 
data collection and management and R version 4.0.0 (R 

Foundation for Statistical Computing, Vienna, Austria) 
for data analysis. Exact 95% confidence intervals were 
constructed for proportions using the epi.conf  func-
tion in the epiR package (version 2.0.38) (Stevenson et al. 
2023). The University of Washington Institutional Review 
Board approved this study.

Results
The sample included 5,390 criminal cases. Of these, 77 
(1.4%) were firearm-related as measured with criminal 
codes and 437 (8.1%) were firearm-related as measured 
via manual record review (Table 1). In the sample over-
all, the sensitivity of criminal codes was 17.6% (95% CI 
14.2–21.5%), and NPV was 93.2% (95% CI 92.5–93.9%). 
Sensitivity (17.6%; 95% CI 10.9–26.1%) and NPV (90.8%; 
95% CI 88.8–92.6%) were similar for cases with one or 
more UCR violent crime charges (Table 2). For cases with 
one or more non-UCR violent crime charges, sensitivity 
was lower, at 10.4% (95% CI 7.1–14.5%), and NPV was 
similar, at 90.2% (95% CI 89.0–91.3%)(Table 3). For cases 
with exclusively non-violent charges, sensitivity was 
45.9% (95% CI 34.3–57.9%) and NPV was 98.0% (95% CI 
97.3–98.6%) (Table 4).

Table 1 Sensitivity and negative predictive value of firearm‑related cases, all cases

Se, Sensitivity; NPV, Negative Predictive Value; No., number

Manual review

No. Firearm‑Related No. Not Firearm‑
Related

Total

Criminal Codes No. Firearm‑Related 77 0 77

No. Not Firearm‑Related 360 4953 5313 NPV = 93.2% 
(95%  CI 
92.5–93.9%)

Total 437 4953 5390

Se = 17.6% (95%  CI 
14.2–21.5%)

Table 2 Sensitivity and negative predictive value of firearm‑related cases with one or more UCR violent crime charge

Se, Sensitivity; NPV, Negative Predictive Value; No., number

Manual review

No. Firearm‑Related No. Not Firearm‑
Related

Total

Criminal Codes No. Firearm‑Related 19 0 19

No. Not Firearm‑Related 89 882 971 NPV = 90.8% 
(95%  CI 
88.8–92.6%)

Total 108 882 990

Se = 17.6% (95%  CI 
10.9–26.1%)
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Additional file  1: Tables S3–S5 show sensitivity 
and NPV for three specific categories of UCR violent 
crimes: (1) murder, non-negligent homicide, aggravated 
assault (these were combined due to the small number 
of murders/homicides in our sample) (Additional file 1: 
Table S3), (2) robbery (Additional file 1: Table S4), and 
(3) rape (Additional file  1: Table  S5). Sensitivity was 
highest for murder, non-negligent homicide, and aggra-
vated assault (19.4%; 95% CI 11.9–28.9%) and NPV was 
highest for rape (97.2%, 95% CI 85.5–99.9%).

For all cases combined, cases with any UCR violent 
crime charge, and cases with any non-UCR violent 
crime charge, types of firearm-related crimes most 
often described in affidavits of probable cause were 
explicit verbal threats, firearm possession, and point-
ing a firearm at or touching a firearm to someone 
(Table  5). Shooting or discharging a firearm was also 
common among firearm-related cases with any UCR 
violent crime charges (19.4%). For firearm-related cases 
with exclusively non-violent charges, the most common 
types of firearm-related crimes were unlawful posses-
sion (30.7%) and firearm possession (21.6%).

Discussion
This study quantified the degree to which Washington 
state criminal codes undercount firearm-related crime 
as reflected in criminal charges. The sensitivity of Wash-
ington state criminal codes was consistently below 20% 
when examining all cases together and when focusing on 
cases that only involved violence. As expected, sensitivity 
was higher (almost 50%) for non-violent crime. Depend-
ing on the source used, the percentage of alleged crimes 
in our sample that were firearm-related ranged from 1.4 
to 8.1%, and the percentage of alleged violent crimes that 
were firearm-related ranged from 0 to 13.6%, depend-
ing on the specific definition/sub-categories of violence 
used. Approximately 7–8% of all violent victimizations 
reported in the National Crime Victimization Survey in 
2018–2019 involved a firearm, similar to our estimates 
based on manual review and much higher than our esti-
mates based on criminal codes (Morgan and Truman 
2019). Of offenses in the western US reported to the FBI 
in 2019, a larger percent of murders (65.9%), robberies 
(26.4%) and aggravated assaults (19.9%) involved fire-
arms than our manual review estimates reflect (Federal 

Table 3 Sensitivity and negative predictive value of firearm‑related cases with one or more non‑UCR violent crime charge

Se, Sensitivity; NPV, Negative Predictive Value; No., number

Manual Review

No. Firearm‑Related No. Not Firearm‑
Related

Total

Criminal Codes No. Firearm‑Related 30 0 30

No. Not Firearm‑Related 258 2366 2624 NPV = 90.2% 
(95%  CI 
89.0–91.3%)

Total 288 2366 2654

Se = 10.4% (95%  CI 
7.1–14.5%)

Table 4 Sensitivity and negative predictive value of firearm‑related cases with exclusively non‑violent charges

Se, Sensitivity; NPV, Negative Predictive Value; No., number

Manual Review

No. Firearm‑Related No. Not Firearm‑
Related

Total

Criminal Codes No. Firearm‑Related 34 0 34

No. Not Firearm‑Related 40 1946 1986 NPV = 98.0% 
(95%  CI 
97.3–98.6%)

Total 74 1946 2020

Se = 45.9% (95%  CI 
34.3–57.9%)
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Bureau of Investigation 2019); this is likely because our 
sample primarily comprised misdemeanor cases, which 
are lower-level cases than felonies.

By quantifying this misclassification at the charging 
stage, our results can improve the rigor and validity of 
studies that use criminal records to study firearm-related 
harm. First, our sensitivity estimates can inform quan-
titative bias analyses for misclassification of firearm-
related crimes in other studies in which criminal codes 
do not distinguish between firearm-related and non-fire-
arm-related violent crimes and in which manual record 

Table 5 Description of types of firearm‑related behavior 
identified in manual record review

Categorya No. (%)

All cases N = 437 (100)

Explicit verbal threat 139 (31.8)

Explicit written threat 9 (2.1)

Explicit verbal or written threat 33 (7.6)

Threatened‑unknown verbal/written/action 6 (1.4)

Shooting/dischargeb 41 (9.4)

 Intentionally shot and hit person 7 (1.6)

 Intentionally shot person but did not hit person 12 (2.7)

 Unintentionally shot and hit person 2 (0.5)

 Intentionally shot non‑person but hit person 2 (0.5)

 Intentionally shot at non‑person, did not hit person 10 (2.3)

 Intentionally shot around person, did not hit person 6 (1.4)

 Intentionally shot animal 2 (0.5)

Physical harm 6 (1.4)

Point/touch firearm 73 (16.7)

Brandish 37 (8.5)

Other firearm threat 27 (6.2)

Hunting 8 (1.8)

Unlawful possession 40 (9.2)

Firearm possession 98 (22.4)

Stole firearm 7 (1.6)

Cases with >  = 1 UCR violent crime charges N = 108 (100)

Explicit verbal threat 30 (27.8)

Explicit written threat 1 (0.9)

Explicit verbal or written threat 4 (3.7)

Threatened‑unknown verbal/written/action 1 (0.9)

Shooting/dischargeb 21 (19.4)

 Intentionally shot and hit person 6 (5.6)

 Intentionally shot person but did not hit person 7 (6.5)

 Unintentionally shot and hit person 2 (1.9)

 Intentionally shot non‑person but hit person 0 (0)

 Intentionally shot at non‑person, did not hit person 3 (2.8)

 Intentionally shot around person, did not hit person 3 (2.8)

 Intentionally shot animal 0 (0)

Physical harm 4 (3.7)

Point/touch firearm 44 (40.7)

Brandish 13 (12)

Other firearm threat 5 (4.6)

Hunting 1 (0.9)

Unlawful possession 6 (5.6)

Firearm possession 44 (40.7)

Stole firearm 1 (0.9)

Cases with >  = 1 non-UCR violent crime charges N = 288 (100)

Explicit verbal threat 113 (39.2)

Explicit written threat 9 (3.1)

Explicit verbal or written threat 32 (11.2)

Threatened‑unknown verbal/written/action 5 (1.7)

Shooting/dischargeb 19 (6.6)

 Intentionally shot and hit person 1 (0.3)

a Categories are not mutually exclusive per case
b Sub-categories of shooting/discharge are mutually exclusive

Table 5 (continued)

Categorya No. (%)

 Intentionally shot person but did not hit person 6 (2.1)

 Unintentionally shot and hit person 0 (0)

 Intentionally shot non‑person but hit person 1 (0.7)

 Intentionally shot at non‑person, did not hit person 7 (2.4)

 Intentionally shot around person, did not hit person 3 (1.0)

 Intentionally shot animal 0 (0)

Physical harm 4 (1.4)

Point/touch firearm 39 (13.5)

Brandish 23 (8)

Other firearm threat 21 (7.3)

Hunting 0 (0)

Unlawful possession 13 (4.5)

Firearm possession 51 (17.7)

Stole firearm 1 (0.3)

Cases with exclusively non-violent charges N = 74 (100)

Explicit verbal threat 5 (6.7)

Explicit written threat 0 (0)

Explicit verbal or written threat 0 (0)

Threatened‑unknown verbal/written/action 0 (0)

Shooting/dischargeb 8 (10.8)

 Intentionally shot and hit person 1 (1.3)

 Intentionally shot person but did not hit person 2 (2.7)

 Unintentionally shot and hit person 0 (0)

 Intentionally shot non‑person but hit person 0 (0)

 Intentionally shot at non‑person, did not hit person 1 (2.7)

 Intentionally shot around person, did not hit person 1 (1.3)

 Intentionally shot animal 2 (2.7)

Physical harm 1 (1.3)

Point/touch firearm 1 (1.3)

Brandish 3 (4)

Other firearm threat 2 (2.7)

Hunting 7 (9.3)

Unlawful possession 23 (30.7)

Firearm possession 16 (21.6)

Stole firearm 5 (6.7)
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review is unfeasible (Lash et  al. 2014). Negative predic-
tive value depends on setting-specific prevalence so may 
not be similarly transportable, meaning our estimates of 
NPV may not generalize to other settings in which the 
true prevalence of firearm-related crime differs from our 
study (Fox et al. 2020).

In settings in which our estimates do not generalize 
or deterministic individual-level assessment of firearm-
related crime is needed, our study demonstrates that 
court records contain valuable information for measur-
ing criminalized behavior involving firearms. Natural 
language processing tools can be developed to classify 
cases as firearm-related or non-firearm-related based on 
the narrative text in affidavits of probable cause or poten-
tially other court documents; similar approaches have 
been used in other areas of violence prevention research 
(Kafka et  al. 2023). Such automated processes would 
reduce the human resources needed for manual record 
review and allow use of court records for firearm-related 
crime identification to be implemented at scale.

Third, our results suggest that criminal statutes in 
Washington state and other states with similar cod-
ing systems should be revised to better capture alleged 
firearm-related crime. Such revision has precedent. For 
example, in the 1980’s, California Penal Code Section 245 
was amended to identify firearm use in assaults (Justia 
Law 1989). As efforts to link and harmonize criminal 
legal system data across states continue, revising state 
criminal statutes to better identify firearm-related vio-
lent crime in criminal records would have substantial 
value (Institute for Social Research University of Michi-
gan 2023). Importantly, revising criminal code statutes 
need not further criminalize behaviors that are not cur-
rently criminalized; rather, criminal code statutes need 
only be revised to more clearly classify existing crimes 
as to whether or not they involved a firearm. For exam-
ple, rather than the current catch-all “deadly weapon” 
language, RCW codes could be modified to differentiate 
firearm vs. non-firearm weapons.

Our study has several limitations. Manual record 
review of affidavits of probable cause may itself have 
measurement error arising from inaccurate or incom-
plete documentation by police or from errors in coding. 
For example, we were not always able to confirm whether 
probable cause affidavits referred to firearms or non-fire-
arm guns since terms such as “gun” and “shoot” are often 
used to refer to firearms (and we coded them as such) 
but may also be used in reference to non-firearm guns. 
However, we did not code cases as firearm-related if the 
evidence clearly suggested the crime involved a non-fire-
arm gun (e.g., BB gun), consistent with Washington state 
law, RCW 9.41.010(12). We were missing 155 records. 
Affidavits of probable cause might differ from formal 

criminal charges for reasons other than measurement 
error (i.e., police documentation, prosecutor discretion 
in charging), so our estimates of sensitivity likely reflect 
a lower bound. Additionally, as mentioned above, sen-
sitivity may be affected if our sample disproportionately 
over- or under-included those with criminal code-meas-
ured firearm-related charges. However, the proportion 
of firearm-related charges measured with criminal codes 
did not differ between the overall population (1.5%) and 
the population sampled based on downgraded convic-
tions (1.4%). Therefore, the marginal distribution of fire-
arm-related crimes measured via manual record review 
should not differ from the target population, and our 
estimates of sensitivity will be approximately valid (Fox 
et al. 2020). Finally, we recognize that there can be sub-
stantial differences between actual criminalized behavior, 
documented probable cause that a crime was committed, 
charges brought by a prosecutor, and an ultimate con-
viction. This analysis compared two of several possible 
measures of criminal legal system-documented crimi-
nalized behavior with firearms. Our results may not gen-
eralize to other stages in the criminal legal system (e.g., 
convictions) or other settings with different criminal cod-
ing systems. These are areas for future research.

Conclusions
Criminal records can be used to conduct large-scale 
policy-relevant studies of firearm-related harms, but our 
results suggest that Washington state criminal codes sub-
stantially undercount firearm-related crime as reflected 
in criminal charges, especially firearm-related violent 
crime. This study can be used to inform quantitative bias 
analyses of firearm-related crime, novel approaches to 
firearm-related crime identification, and motivate modi-
fications of state criminal coding systems.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40621‑ 023‑ 00458‑1.

Additional file 1. Suplementary methodological information and results.

Acknowledgements
Not applicable.

Author contributions
JPS and ARR conceptualized and designed the study. JPS conducted analyses 
and drafted the manuscript. AM, RR, AB, AG, and JPS conducted primary data 
collection and manual record review. DB and ARR provided supervision. ARR 
obtained funding. All authors read and approved the final manuscript.

Funding
This work was supported by the Fund For a Safer Future (Grant # 013167‑
2020‑12‑21). The funding source had no role in the design and conduct of 
the study; collection, management, analysis, and interpretation of the data; 

https://doi.org/10.1186/s40621-023-00458-1
https://doi.org/10.1186/s40621-023-00458-1


Page 8 of 8Schleimer et al. Injury Epidemiology           (2023) 10:46 

preparation, review, or approval of the manuscript; and decision to submit the 
manuscript for publication.

Availability of data and materials
The data that support the findings of this study are available from the Wash‑
ington Administrative Offices of the Courts and King County Department of 
Judicial Administration but restrictions apply to the availability of these data, 
which were used under license for the current study, and so are not publicly 
available.

Declarations

Ethics approval and consent to participate
The University of Washington Institutional Review Board approved this study. 
All methods were performed in accordance with the ethical standards as laid 
down in the Declaration of Helsinki and its later amendments or comparable 
ethical standards. Written informed consent was waived by the University of 
Washington Institutional Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 June 2023   Accepted: 19 September 2023

References
Barber C, Cook PJ, Parker ST. The emerging infrastructure of US firearms injury 

data. Prev Med. 2022;5: 107129.
Bodnar LM, Abrams B, Bertolet M, Gernand AD, Parisi SM, Himes KP, et al. 

Validity of birth certificate‑derived maternal weight data. Paediatr Perinat 
Epidemiol. 2014;28(3):203–12.

Bureau of Alcohol, Tobacco, Firearms and Explosives. Identify prohibited 
persons [Internet]. 2020 [cited 2020 Jan 10]. Available from: https:// www. 
atf. gov/ firea rms/ ident ify‑ prohi bited‑ perso ns.

Centers for Disease Control and Prevention. Web‑based Injury Statistics Query 
and Reporting System (WISQARS) [Internet]. 2023. Fatal Injury Data. Avail‑
able from: https:// www. cdc. gov/ injury/ wisqa rs/ fatal. html.

Davis A, Kim R, Crifasi C. A Year in Review: 2021 Gun Deaths in the U.S. 
[Internet]. 2023. Johns Hopkins Center for Gun Violence Solutions. Johns 
Hopkins Bloomberg School of Public Health. Available from: https:// publi 
cheal th. jhu. edu/ sites/ defau lt/ files/ 2023‑ 06/ 2023‑ june‑ cgvs‑u‑ s‑ gun‑ viole 
nce‑ in‑ 2021. pdf.

FBI Criminal Justice Information Services Division. Information and Examples 
of the Application of Title 18, United States Code (U.S.C.), Section 922, 
Subsection (g)(3) [Internet]. 2019. National Instant Criminal Background 
Check System (NICS) Section; Available from: https:// www. justi ce. gov/ 
file/ 13851 86/ downl oad.

Federal Bureau of Investigation. Violent Crime [Internet]. 2019. [cited 2023 Jul 
31].  Available from: https:// ucr. fbi. gov/ crime‑ in‑ the‑u. s/ 2019/ crime‑ in‑ 
the‑u. s.‑ 2019/ topic‑ pages/ viole nt‑ crime.

Federal Bureau of Investigation. Uniform Crime Reporting [Internet]. [cited 
2020 Jul 1]. Available from: https:// www. fbi. gov/ how‑ we‑ can‑ help‑ you/ 
more‑ fbi‑ servi ces‑ and‑ infor mation/ ucr/ publi catio ns.

Fox MP, Lash TL, Bodnar LM. Common misconceptions about validation stud‑
ies. Int J Epidemiol. 2020;49(4):1392–6.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research elec‑
tronic data capture (REDCap)—a metadata‑driven methodology and 
workflow process for providing translational research informatics sup‑
port. J Biomed Inform. 2009;42(2):377–81.

Institute for Social Research University of Michigan. Criminal justice admin‑
istrative records system (CJARS) [Internet]. [cited 2023 Jan 8]. Available 
from: https:// cjars. org/.

Justia Law. People v. Hill (1989) [Internet]. [cited 2022 Dec 4]. Available from: 
https:// law. justia. com/ cases/ calif ornia/ court‑ of‑ appeal/ 3d/ 207/ 1574. 
html.

Kafka JM, Fliss MD, Trangenstein PJ, McNaughton Reyes L, Pence BW, Moracco 
KE. Detecting intimate partner violence circumstance for suicide: devel‑
opment and validation of a tool using natural language processing and 
supervised machine learning in the National Violent Death Reporting 
System. Inj Prev. 2023;29(2):134–41.

Kagawa RMC, Stewart S, Wright MA, Shev AB, Pear VA, McCort CD, et al. Asso‑
ciation of prior convictions for driving under the influence with risk of 
subsequent arrest for violent crimes among handgun purchasers. JAMA 
Intern Med. 2020;180(1):35–43.

Krug EG, Mercy JA, Dahlberg LL, Zwi AB. The world report on violence and 
health. Lancet. 2002;360(9339):1083–8.

Lash TL, Fox MP, MacLehose RF, Maldonado G, McCandless LC, Green‑
land S. Good practices for quantitative bias analysis. Int J Epidemiol. 
2014;43(6):1969–85.

Morgan RE, Truman JL. Criminal Victimization, 2019 [Internet]. 2020. U.S. 
Department of Justice, Bureau of Justice Statistics. Available from: https:// 
bjs. ojp. gov/ conte nt/ pub/ pdf/ cv19. pdf.

Parker ST. Measuring gun violence in police data sources: transitioning to 
NIBRS. Inj Epidemiol. 2022;9(1):15.

Roman J. First Report of the Expert Panel on Firearms Data Infrastructure 
[Internet]. 2019. NORC at the University of Chicago. Available from: 
https:// www. norc. org/ PDFs/ Firea rm% 20Data% 20Inf rastr ucture% 20Exp 
ert% 20Pan el/ State% 20of% 20Fir earms% 20Res earch% 202019. pdf.

Roman JK. A Blueprint for a U.S. Firearms Data Infrastructure [Internet]. 2020. 
NORC at the University of Chicago. Available from: https:// www. norc. 
org/ PDFs/ Firea rm% 20Data% 20Inf rastr ucture% 20Exp ert% 20Pan el/A% 
20Blu eprint% 20for% 20a% 20U. S.% 20Fir earms% 20Data% 20Inf rastr ucture_ 
NORC% 20Exp ert% 20Pan el% 20Fin al% 20Rep ort_ Octob er% 202020. pdf.

Rowhani‑Rahbar A, Zatzick D, Wang J, Mills BM, Simonetti JA, Fan MD, et al. 
Firearm‑related hospitalization and risk for subsequent violent injury, 
death, or crime perpetration. Ann Intern Med. 2015;162(7):492–500.

Schleimer J, Haviland M, Gallagher A, Mustafa A, Ross R, Wintemute G, et al. 
Downgraded misdemeanor convictions and subsequent violent crime: 
Differences by defendant race and ethnicity. Submitted. 2023.

Stevenson M, Sergeant E, Heuer C, Nunes T, Heuer C, Marshall J, et al. epiR: 
tools for the analysis of epidemiological data [Internet]. 2023 [cited 2023 
Aug 1]. Available from: https:// cran.r‑ proje ct. org/ web/ packa ges/ epiR/ 
index. html.

Swanson JW, Easter MM, Robertson AG, Swartz MS, Alanis‑Hirsch K, Moseley 
D, et al. Gun violence, mental illness, and laws that prohibit gun pos‑
session: evidence from two Florida counties. Health Aff (millwood). 
2016;35(6):1067–75.

Swanson JW, Tong G, Robertson AG, Swartz MS. Gun‑related and other violent 
crime after involuntary commitment and short‑term emergency holds. J 
Am Acad Psychiatry Law. 2020;48(4):454–67.

Washington State Legislature. Revised Code of Washington (RCW) [Internet]. 
2022 [cited 2023 Aug 16]. Available from: https:// apps. leg. wa. gov/ rcw/.

Wintemute GJ. Prior misdemeanor convictions as a risk factor for later violent 
and firearm‑related criminal activity among authorized purchasers of 
handguns. JAMA. 1998;280(24):2083.

Wintemute GJ, Wright MA, Castillo‑Carniglia A, Shev A, Cerdá M. Firearms, 
alcohol and crime: convictions for driving under the influence (DUI) and 
other alcohol‑related crimes and risk for future criminal activity among 
authorised purchasers of handguns. Inj Prev. 2018;24(1):68–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.atf.gov/firearms/identify-prohibited-persons
https://www.atf.gov/firearms/identify-prohibited-persons
https://www.cdc.gov/injury/wisqars/fatal.html
https://publichealth.jhu.edu/sites/default/files/2023-06/2023-june-cgvs-u-s-gun-violence-in-2021.pdf
https://publichealth.jhu.edu/sites/default/files/2023-06/2023-june-cgvs-u-s-gun-violence-in-2021.pdf
https://publichealth.jhu.edu/sites/default/files/2023-06/2023-june-cgvs-u-s-gun-violence-in-2021.pdf
https://www.justice.gov/file/1385186/download
https://www.justice.gov/file/1385186/download
https://ucr.fbi.gov/crime-in-the-u.s/2019/crime-in-the-u.s.-2019/topic-pages/violent-crime
https://ucr.fbi.gov/crime-in-the-u.s/2019/crime-in-the-u.s.-2019/topic-pages/violent-crime
https://www.fbi.gov/how-we-can-help-you/more-fbi-services-and-information/ucr/publications
https://www.fbi.gov/how-we-can-help-you/more-fbi-services-and-information/ucr/publications
https://cjars.org/
https://law.justia.com/cases/california/court-of-appeal/3d/207/1574.html
https://law.justia.com/cases/california/court-of-appeal/3d/207/1574.html
https://bjs.ojp.gov/content/pub/pdf/cv19.pdf
https://bjs.ojp.gov/content/pub/pdf/cv19.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/State%20of%20Firearms%20Research%202019.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/State%20of%20Firearms%20Research%202019.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/A%20Blueprint%20for%20a%20U.S.%20Firearms%20Data%20Infrastructure_NORC%20Expert%20Panel%20Final%20Report_October%202020.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/A%20Blueprint%20for%20a%20U.S.%20Firearms%20Data%20Infrastructure_NORC%20Expert%20Panel%20Final%20Report_October%202020.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/A%20Blueprint%20for%20a%20U.S.%20Firearms%20Data%20Infrastructure_NORC%20Expert%20Panel%20Final%20Report_October%202020.pdf
https://www.norc.org/PDFs/Firearm%20Data%20Infrastructure%20Expert%20Panel/A%20Blueprint%20for%20a%20U.S.%20Firearms%20Data%20Infrastructure_NORC%20Expert%20Panel%20Final%20Report_October%202020.pdf
https://cran.r-project.org/web/packages/epiR/index.html
https://cran.r-project.org/web/packages/epiR/index.html
https://apps.leg.wa.gov/rcw/

	Misclassification of firearm-related violent crime in criminal legal system records: challenges and opportunities
	Abstract 
	Background 
	Findings 
	Conclusions 

	Main text
	Methods
	Study setting and population
	Violent crime
	Firearm-related crime
	RCW codes
	Manual record review (“alloyed gold standard”)
	Thematic coding of firearm-related crime
	Analysis

	Results
	Discussion
	Conclusions
	Anchor 18
	Acknowledgements
	References


