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Abstract of Praxis 

 
Utilizing Systems Engineering and Risk Science in the  

Development of Safety Standards 
 

Safety standards are intended to protect consumers and users against the risks 

associated with the product covered by the standard.  There are known hazards and 

resultant harmful occurrences, including injuries and fatalities, associated with 

consumer products that can impact the quality of the standard.  The development of a 

safety standard currently relies on inputs from experts including researchers, data 

scientists, safety engineers, regulators, consumers, manufacturers, and many other 

stakeholder groups to ensure that the standard is effective.  Risk reduction as it pertains 

to eliminating and controlling product hazards is necessary to mitigate harmful 

occurrences that are directly tied to the quality of a safety standard.  The application of 

risk reduction methodologies such as risk matrices and Failure Modes and Effects 

Analysis are not used in the development process for new safety standards.   

Utilizing consumer product reports, this work will analyze injury and fatality 

data by applying systems engineering techniques such as risk matrices and Failure 

Modes and Effects Analyses to integrate risk reduction methods for hazard mitigation at 

the onset of new safety standards development. A decision support tool will complement 

existing standards development processes by providing decision criteria at the front end 

of the process using hazard as well as injury data to mitigate consumer product risk and 

improve the quality of product safety standards.   Case studies using retrospective data 

from the Consumer Products Safety Commission validate the effectiveness of the tool 
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while providing semi-quantitative input to the decision-making process which is essential 

for the development of high-quality safety standards. 
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Chapter 1: Introduction 

1.1 Background 

In 2016, the Consumer Product Safety Commission (CPSC) reported that 

hoverboards were responsible for four deaths, more than 26,000 injuries, and 1.2 million 

dollars of property damage due to the battery pack overheating, catching on fire, or 

exploding (Journal of Pediatrics, 2018). This led to more than 500,000 hoverboards being 

recalled, and the CPSC submitted a new standards request to the Standards division of 

UL to develop and publish a safety standard for hoverboards. (Journal of Pediatrics, 

2018). The National Safety Council (NSC) reports that in 2020, “nearly 11 million people 

were treated in emergency departments for injuries resulting from consumer products” 

(NSC, 2021). 

The dangers associated with common consumer products are important for 

consumers to be aware of, and it is also important for SDOs to effectively address these 

by improving the standards that are used to govern the safe usage of consumer products 

in the marketplace (Mahajan, 1973). Manufacturers, service providers, and consumers 

must be assured that products operate efficiently, effectively, and safely.  The 

development of effective safety standards requires technical rigor to ensure that known 

hazards and risks are addressed by the standard.  Injuries, fatalities, and property loss are 

the types of harmful occurrences that can be categorized as risks associated with products 

not having adequate quality safety standards to govern them in the marketplace.  Electric 

shock, burns, falls, fire-related injuries, and mechanical hazards are the most common 

harmful occurrences associated with consumer products.  
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Agencies such as the CPSC as well as SDOs including Underwriters Laboratories 

Standards & Engagement (UL), The International Organization for Standardization 

(ISO), and the International Electrotechnical Commission (IEC) collaborate to develop 

and maintain voluntary and consensus-based standards. These standards are designed to 

ensure the safety of products and services used by consumers around the world. Many 

standards development organizations (SDOs) develop standards based on market needs.  

However, the standards themselves are developed using a consensus-based process 

engaging experts from interest categories.  These stakeholders and experts range from 

manufacturers, supply chain, authorities having jurisdiction (AHJ), government agencies, 

consumers, academics, and the commercial sector.   This diverse group of stakeholders is 

responsible for developing as well as maintaining safety standards.  Monitoring relevant 

consumer product risks is essential within the standards development process, but there is 

little emphasis on risk reduction methodologies that could ensure that the standard is 

capable of abating risk.  Incorporating risk assessments into the standards development 

process allows for standards to adequately focus on identifying and characterizing 

hazards.  Once these hazards are identified and characterized, they can then be analyzed 

as well as evaluated to address inherent risks. (Antony, 2020) 

Testing agencies such as Intertek and UL utilize standards to certify consumer 

products.  These standards, developed through tests and examinations that are detailed 

throughout the document, provide the minimum acceptance criteria to assess a product’s 

performance.  This level of compliance provides regulators with key criteria to allow 

products into the market.  In some cases where a standard is not available or is in 

development, the uncertainties regarding a product’s safety do play a role in the product’s 
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quality.  As such, it is important that SDOs truly ensure that the quality of a safety 

standard actually enhances the risk and safety of a product as consumers rely on products 

that they purchase to be safe and secure.  Agencies such as the CPSC report injuries, 

fatalities, and property loss associated with consumer products via their National 

Electronic Injury Surveillance System (NEISS) as well as their Clearinghouse database.  

These databases identify high levels of harmful occurrences associated with consumer 

products that have not been assessed by the SDOs who create many of the safety 

standards designed to mitigate these risks.   

This research seeks to provide a decision support tool (DST) that can be used to 

translate consumer product report data from CPSC into decision-making criteria to 

identify known hazards that may impact the effectiveness of safety standards using 

relevant risk factors.  For this Praxis research, the DST can be defined as any guidance, 

procedure, or analysis tool that can be used to support decision-making while harmful 

occurrences are considered a single event and any harm that is repeated or continues as 

a result of that event. 

1.2 Research Motivation 

 Safety standards are designed to prevent, detect, and mitigate known hazards in 

order to minimize the risks associated with the product or system covered by the 

standard.  But, new safety standards can incorporate immature technology.  Advanced 

techniques are needed to enhance the development of new safety standards to ensure 

these standards adequately address hazards and risks.  While there are many standards 

linked to specific industries, more emphasis on scientific input to guide safety and risk 

mitigation is needed in standards development (Aven, 2019). Utilizing consumer 
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product reporting data, this research will analyze injury and fatality data by applying 

systems engineering techniques to integrate methods of hazard prevention, mitigation, 

and risk reduction in the development of new safety standards.  

1.3 Problem Statement 

Standards development organizations develop safety standards to mitigate harm 

while harmful occurrences continue to occur resulting in nearly 11 million Americans 

being treated for injuries from consumer products in 2020 (Aven & Ylönen, 2019; 

National Safety Council Injury Facts, 2021). 

  Harmful occurrences take place when product failures result in consumer injuries, 

fatalities, and property loss.  Most of these harmful occurrences involve injuries from 

using common products which are assumed to be safe. (National Safety Council Injury 

Facts, 2021)  The quality of industry standards are intended to address known hazards 

associated with consumer products to prevent harmful occurrences.   To truly assess a 

product’s safety, it is important to understand the hazards that may impart danger to a 

user, especially in the case of common products used in residential environments that are 

known to pose inherent risks. 

1.4 Thesis Statement 

A risk-based decision support tool will help standards development organizations 

integrate risk science into the standards development process by using hazard and 

harmful occurrence data to improve consumer product safety standards. 

Risk science has emerged as an advanced area within risk management to 

integrate risk-based tools such as risk matrices and Failure Modes Effect Analysis 

(FMEA) into applications that involve uncertainty (Aven, 2019). The use of risk science 



 
 

5 

methodologies is relevant for many new product-development applications, including 

new safety standards that are used to introduce new technologies to the marketplace 

(Hoo-Gun, 2010). Multiple standard types—including safety standards, performance 

standards, and technical-guidance documents—are designed to drive global consumer 

safety, so it is essential that these documents can abate risk.  

Risk science methodologies will add another layer of hazard mitigation in the 

standards development process by identifying all relevant harmful occurrences for SDOs 

to consider when developing a new standard (Aven, 2019).  Characterizing risk in safety 

standards development will complement the existing process by allowing subject matter 

experts to continue to play a vital role in the process but having them include additional 

knowledge aspects using risk abating tools (Aven, 2017). A risk-based decision support 

tool will be developed and support this body of knowledge to integrate risk science 

methodologies and systems engineering techniques into the development process for 

high-quality safety standards.   

1.5 Research Objectives 

This research seeks to identify the risks pertaining to hazards as well as harmful 

occurrences associated with consumer products to manage these risks in the development 

of consumer product safety standards.  The specific research objectives that guide this 

Praxis include:  (1) To analyze injury reports from the CPSC to identify common hazards 

and harmful occurrences that occur with consumer products. (2) To complement existing 

standards development processes with the application of risk science and systems 

engineering tools to develop high-quality standards that abate risk.   

  



 
 

6 

1.6 Research Questions and Hypotheses 

The following questions guide this research and provide context for the 

corresponding hypotheses: 

 RQ1: What are the common safety hazards associated with consumer products? 

RQ2: What are the most common harmful occurrences associated with the safety 

hazards for consumer products? 

RQ3: Can a risk-based DST measure risk using hazard and harmful occurrence 

data to improve consumer product safety standards? 

RH1: Electrical, thermal, physical, and mechanical hazards are the most common 

safety hazards associated with consumer products. 

RH2: Electric shock, burns, falls, and fire-related injuries are the most common 

harmful occurrences associated with consumer products. 

RH3: A risk-based DST will provide a semi-quantitative risk analysis using 

hazard and harmful occurrence data to improve consumer product safety 

standards by identifying product risk factors.   

1.7 Scope of Research 

  The scope of this research utilizes hazard data to identify the root cause of 

harmful occurrences associated with consumer products.  This information is used as 

inputs to the DST to provide a semi-quantitative risk assessment that is designed to 

complement existing standards development processes that do not incorporate risk 

assessments.  Historical data from two CPSC data sources as well as risk science-based 

tools from the literature will be used to develop the DST metrics.  The Praxis research 

shall also utilize a retrospective case study design to investigate relevant consumer 
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product hazards and associated harmful occurrences to inform the development of safety 

standards.  The retrospective case study of three consumer products will be used to 

validate the DST to determine if the hazards and harmful occurrence inputs can improve 

the quality of new safety standards by abating risks.  Hoverboards, microwaves, and 

hairdryers were selected for the analysis and represent consumer products covered by 

existing standards that are found in residential spaces that incorporate a battery 

(hoverboards), are used by children (hoverboards), and can be plugged in (all).  The risks 

associated with these products shall be reported by way of the outputs for risk severity 

and risk likelihood in the DST.   

1.8 Research Limitations 

The DST is intended to incorporate risk science in the development of new 

consumer product safety standards since mature standards are updated based on data and 

research inputs that may include risk factors.  This research does not address the risk 

attitudes of subject matter experts or the application of the DST to non-consumer 

product-related safety standards such as industry standards.   Additionally, the case study 

was limited to three consumer products that were deemed to cover an array of hazards 

ranging from electrical to physical that rank as consumer products with the most injuries 

in 2020. (Givens, 2021)  Data used for the case studies was generated from the National 

Electronic Injury Surveillance System (NEISS) database.  NEISS only covers Emergency 

Department (ED) visits, and other immediate care options exist for injuries arising from 

consumer product incidents including primary care physicians, urgent care facilities, and 

independent medical clinics (Bandzar & Hermansen, 2018).  NEISS does not capture all 
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the data on the spectrum of nonfatal injuries arising from consumer product incidents in 

the United States (Bandzar & Hermansen, 2018).   

1.9 Organization of Praxis 

This Praxis is organized as follows:  Chapter 2 provides the Literature Review for 

the Importance of Safety Standards, Standards Development Processes, and Role of the 

CPSC by exploring Risk Science, Hazard Based Safety Engineering (HBSE), and 

Systems Engineering Methodology that all impact Decision Analysis techniques used by 

standards development organizations.  Chapter 3 provides the Methodology for how the 

Praxis research was conducted, including the analysis of hazard and harmful occurrence 

data as well as the development and analysis of the DST.  Chapter 4 describes the results 

and outcomes from the methodologies outlined in Chapter 3, including the results of the 

DST as applied to the three case study products:  hoverboards, hairdryers, and 

microwaves.  Chapter 5 provides the Conclusion and overall summary of the Praxis 

research which includes an analysis of the results from Chapter 4 as it pertains to the 

research objectives with additional recommendations for further research.  A List of 

Figures, Tables, Acronyms, Glossary of Terms, References, and an Appendix are also 

provided. 
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Chapter 2: Literature Review 

2.1 Introduction 

To develop the decision-support tool and address the corresponding research 

questions, it is necessary to have sufficient background in the current literature on within 

standards development, risk science, and systems engineering. The following literature 

review provides necessary insights on the approaches for using systems engineering and 

risk science methodologies within a decision framework to improve the quality of safety 

standards by abating risk. 

2.2 What is a Standard? 

Safety standards are written documents that outline the process in which a product 

is tested to help mitigate risk, injury, or danger. SDOs combine data, research, and 

subject matter expertise to create quality standards that help create a safer world for 

consumers. Standards are developed for global use through rigorous testing to ensure that 

products and services are safe for users (Harris, 2001). These documents are developed 

via a thorough consensus-based standards-development process using experts from 

relevant sectors.  

2.3 How Standards Are Developed 

Standards-development organizations such as ISO, IEC, and ULS utilize a 

multidisciplinary approach to developing as well as maintaining standards that address 

safety, security, and even sustainability issues. These organizations have a global reach 

and rely on local representation, partnerships, and expert knowledge to develop standards 

that help assure that the products covered by these standards operate safely. ULS has 

developed over 1,800 standards and other documents to help mitigate risk, injury, and 
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danger. ULS has relied on these multidisciplinary technical panels and committees to 

develop new safety standards as well as maintain existing standards. Each technical 

committee is responsible for a variety of different actions in the development of a new 

standard including 

• Reviewing individual proposals for new or revised standards; 

• Providing input, revisions, or feedback; 

• Seeking consensus on how a standard is written; 

• Voting to accept or dismiss proposals as well as standard. 

Every technical committee at organizations such as UL, IEC, and ISO is driven by 

the consensus process through an accreditation organization. UL is accredited by the 

American National Standards Institute (ANSI). The consensus process ensures the 

committee considers the experience and perspectives of a diverse array of members from 

different interest groups. The consensus process also ensures that a fair, collaborative, 

and transparent approach is taken when developing standards. A consensus-based 

standard is achieved only after a majority of the technical members have voted and at 

least two-thirds of these voting members approve the standard. Negative votes or public 

objections receive consideration by the technical committee during a recirculation stage 

that allows all participants to consider their points of view on the proposal and its 

potential advancement. Since unanimity is not required for a proposal to pass, the 

consensus among the members is the threshold for new or revised standards. For UL’s 

standards-development process, proposals for new standards are submitted via an online 

system as processed as described in Figure 2-1.  

  



 
 

11 

Figure 2-1:  

ULS Standards Development Process 

 

(Note: Reused with permission from ULSE) 

 

Stakeholders are essential to the development of new safety standards because of 

their expertise and knowledge of a product or service. The process for standards 

development ensures input, review, and thorough discussion amongst the technical 

committee is facilitated by the SDO. As shown in Figure 2-2, a new standard is proposed 

to address a new product or service that is introduced to the market via an initial proposal 

to an SDO such as UL. The proposal is submitted to the relevant technical committee to 

prepare a working draft using experts that analyze how the new standard will address 

gaps in the market. The draft is shared with other international standards members and 

communities for relevant input. Once finalized , the standard is published as an official 

document. 

The gap in the development of new safety standards is that most formal proposal 

documents do not have any questions or inputs relative to hazard-based safety 
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engineering as shown in the UL example in Figure 2-2. Additionally, for organizations 

such as ISO, new standards are developed based on market trends and do not take into 

account knowledge from the risk-science field, hence does not ensure that relevant 

hazards and harmful occurrences are fully addressed by the standard (Aven, 2019). This 

focus on market trends and the actual standards-development process, including expert 

inputs, threatens the quality of new safety standards (Aven, 2015). Risk science as well as 

risk-reduction methodologies can provide more scientific assessments to guide new 

safety-standard development to abate risks associated with hazards and harmful 

occurrences (Aven, 2019). 

Since new safety standards are developed to address the safety of new consumer 

products, these standards must take into account known hazards and resultant harmful 

occurrences to make sure these are mitigated. The CPSC National Injury Information 

Clearinghouse 2020 report indicates that 20,673 consumer-product related incidents 

occurred in 2020, including reported deaths (Givens, 2021). Since analyzing known 

hazards and associated harmful occurrences such as injuries and fatalities is a missing 

component in the decision-making for new standards development, the standards 

development process has substantial gaps a risk-science perspective (Aven, 2019; Aven, 

2015). 

For the organization ISO, Aven notes that the framework for their standards-development 

process, which inclusively incorporates multi-stakeholder and expert inputs, omits 

relevant scientific inputs and risk-reduction methodologies which are essential in the 

development of standards that effectively address safety (Aven, 2019). The framework 

provides consideration for risk within the first area of isomorphism—note items a and b 
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in Figure 2.2—but this is directly related to enterprise risk management and not the area 

of risk that deals with the incorporation of scientific inputs. As noted, there is “blindness 

to new developments in the risk field” (Aven, 2019). 
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Figure 2-2:  

Proposal Form for a new UL Standard 

 

(Note: Reused with permission from ULSE) 

 

2.4 Why Standards Matter 

Innovations can create inherent risk. Yet consumers are often unaware of the 

dangers or risks associated with new technologies and products, and expect that the 

products they purchase operate correctly, efficiently, and safely. Standards are 
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presumably designed to ensure that these products are tested and evaluated according to 

robust technical requirements that take into account all necessary inputs. But these 

standards should not utilize the existing processes only, but also incorporate safe 

practices that mitigate consumer product risk (Harris, 2001). 

When hoverboards were first introduced to the market in 2015, no safety standard 

covered these products, and product defects led to a variety of injuries, property damage, 

and fatalities (Bandzar et al., 2018). Even though these products were sold with safety 

labeling for consumers, over 29,000 hoverboard injuries were reported in 2016. This led 

to the CPSC collaborating with scientists and researchers to understand the impact of 

hoverboard usage on consumers. A CPSC study was formally conducted using data from 

NEISS that provided data on the types of harmful occurrences associated with 

hoverboard hazards. With this data, CPSC was able to identify the relevant hoverboard 

hazards so that proper steps could be taken to mitigate the associated risks  (McIlvain & 

Tzavaras, 2019). Of these steps, CPSC concluded that developing a new safety standard 

was the best way to resolve the safety challenges presented by this product. This was a 

significant recommendation that highlighted the importance and value of standards as a 

prevention and mitigation tool.  

In his 2004 article, Toft notes that UL has been a historical point of reference for 

safety in the marketplace (Toft, 2004). Products tested by UL  are been vetted through 

rigorous tests and examinations to eliminate product failures as well as to reduce the 

harmful occurrences associated with these products (Toft, 2004). When UL published a 

standard for hair-care appliances in 1976, data showed a 20% decrease in injuries 

associated with hairdryers (Thomas, 1978). Compliance with standards such as UL 2201, 



 
 

16 

regarding carbon monoxide safety of portable generators have been proven to avert risks 

and prevent consumer product fatalities and injuries. In 2022, CPSC published a staff 

report that summarizes the results of a study on the effectiveness of portable generators. 

This report concluded that compliance to the standard UL 2201was effective in averting 

nearly 100% of carbon monoxide poisoning fatalities (CPSC, 2022). Of the 14,000 

simulations conducted, the analysis concluded that generators compliant with UL 2201 

would likely result in zero fatalities, three hospitalizations and 22 cases of medical 

treatment (CPSC, 2022).  

In the area of tissue engineering and regenerative medicine, Sankar notes that 

there is a relationship between the availability of standards and successful outcomes, as 

innovation can impart risk (Sankar et al., 2019). Standardization in general has also been 

deemed the prerequisite for safety in areas ranging from consumer products to energy 

management and information technologies (Chiba, 2019). 

Drawing on these examples, it is the goal of this Praxis to ensure that safety 

standards continue to influence safety by delivering decision criteria to the standards-

development process using hazard and harmful-occurrence data inputs. It is essential that 

the process of developing a standard utilize a hazard-based safety-engineering approach 

to ensure that product risks are mitigated. 

2.5 Hazard Based Safety Engineering 

Hazard-based safety engineering (HBSE) is an approach that considers known 

hazards that result in harm in order to mitigate these circumstances by way of 

mechanisms such as the development of standards. HBSE studies the sources and 

mechanisms of injury to improve protection (Lanzisero, 2014). A typical HBSE 
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framework uses a three-step block model, as shown in Figure 2-3, to analyze energy 

sources, transfer mechanisms, and modes of injury in order to identify, protect against, 

and provide risk mitigation (Antony, 2020). 

Figure 2-3:  

HBSE 3-Block Hazard Transfer Model (after Antony, 2020) 

 

In this model, the energy source is examined first: is it hazardous or nonhazardous 

based on consensus standards of safety or industry norms?  If hazardous, what specific 

type of hazards, i.e., electric shock, fire, casualty injury, etc., could occur in either the 

intended operation and any foreseeable misuse of the product? Second, what are the 

various paths within the product by which this energy can be transferred to the user’s 

body? Finally, risk analysis techniques such as fault tree analysis (FTA) and failure mode 

effect analysis (FMEA) are used to identify the transfer mechanism so that possible 

safeguards can be implemented.  These safeguards are evaluated for their effectiveness, 

robustness and reliability to perform their intended safety functions (Antony, 2020). In 

this manner, HBSE takes into account an understanding of the hazard and associated risk. 

As Aven notes, the application of HBSE, utilizing expert knowledge, and 

complying with accreditation procedures has resulted in a history of effective standards 

but new inputs are necessary to truly address safety risks. (Aven, 2009)  

2.6 Risk and Risk Science 

Aven & Renn (2009) describe risk as “an ontology (a theory of being) 

independent of our knowledge and perceptions.”  As it pertains to standards development, 
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risk involves the uncertainty regarding the negative effects of product defects, design 

flaws and failures (Aven, 2021).  

An emerging area within risk assessment is that of risk science, which provides a 

framework for making informed decisions using risk reduction methodologies. Risk 

science involves the “development of suitable concepts, principles, approaches, methods, 

and models for understanding, assessing, characterizing, communicating, and managing 

risk” (Aven & Ylönen, 2019). Baybutt (2017) characterizes risk analysis as a science that 

covers the assessment, analysis, and governance of risk to draw conclusions regarding 

uncertainty. Because it takes a multidisciplinary approach to dealing with uncertainty, 

risk science has been used to address complex safety issues in fields including 

psychology, medicine, engineering, sociology, statistics, and a range of science 

disciplines.  Within all of these fields, there is a heavy reliance on subject-matter 

expertise and tribal knowledge. Using the complementary approach of risk science has 

proven to be effective in managing existing processes and procedures to address risk. 

Since standards development currently relies on expert inputs, there is significant risk in 

not incorporating additional risk analysis considerations (Baybutt, 2017). 

As Cooke (2015) explains, in risk science the decision-making process is 

concerned not only with making informed decisions but also with communicating and 

managing risk to key stakeholder groups. Communicating and managing risk are the two 

elements of risk science that ensure that everyday systems, products, as well as 

applications take into account all inputs that contribute to undesirable outcomes. Using 

risk science to complement established processes and procedures has proven to be 
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effective in complementing systems-thinking approaches to complex societal issues 

(Cooke, 2015). 

Trust is an important factor that plays a role in the consumer-product retail 

market. (Kim et al., 2008). Studies have been conducted to ensure that consumer 

decision-making incorporates the appropriate risk factors in making purchase decisions 

(Kim et al., 2008). Figure 2-4 highlights MITRE’s risk management fundamentals, which 

include an analysis of risk from multiple areas: identification, impact 

assessment/tracking, prioritization analysis, and mitigation/planning/implementation and 

monitoring (MITRE, 2022). These fundamentals can be incorporated into risk 

assessments to provide a thorough analysis of the risks, risk factors, and mitigation 

techniques. 

Risk assessments and risk science are used by other safety organizations including 

the CPSC as a mechanism for understanding the impact of consumer-product safety on 

consumers. Typical risk-science methodologies include risk matrices, risk cubes, and 

hazard analyses which are designed to identify critical areas of concern to help determine 

which specific hazards need to be addressed to minimize consumer product risk(s) 

(Baybutt, 2017). Incorporating both HBSE and risk science provides the safeguards 

necessary to mitigate known hazards for emerging technology which must be addressed 

to maintain the safety of the product. 
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Figure 2-4:  

Risk Management Fundamentals (Mitre, 2022) 

 

(Note: Reused with permission from Mitre) 

SDOs play a leadership role in the area of consumer-product safety to ensure that 

standards do not lag behind technology innovation (Aven & Ylonen, 2019). 

Complementing existing methodologies with risk science methodologies can enhance the 

reliability and validity of risk assessments (Aven, 2009).  

2.6.1 Qualitative and Quantitative Risk 

Qualitative and quantitative risk assessment methodologies are the categories 

within risk management that are used to analyze uncertainty to abate risk (Apostolakis, 
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2004). The key difference between these two types of risk assessment methodologies is 

the basis and way in which risks are evaluated.   

Quantitative risk assessments provide a numeric value and are based on available 

data to determine the impact of risk.  In some cases, quantitative risk assessments can be 

used to validate qualitative risk assessments.  Examples of common quantitative risk 

assessment tools include the Decision Tree Analysis, and Monte Carlo Analysis.  A 

Decision Tree Analysis provides a visual outline (trees) of potential outcomes and 

consequences, and in some cases costs, to determine the most effective solution to a 

problem.  The Monte Carlo Analysis is a modeling technique that predicts the probability 

of possible outcomes using random variables and other assumptions to determine the risk 

impact.  Project managers use both of these probabilistic tools to provide a quantitative 

assessment of possible outcomes for complex decision-making (Critchfield & Willard, 

1986). As it relates to evaluating product safety hazards, the FMEA is another tool that 

identifies the severity, likelihood, and occurrence frequency of a failure mode (or 

hazard).  The FMEA is also considered by some practitioners to be a quantitative tool 

since it provides numerical values for risk prioritization.   

Qualitative risk assessments are conducted using a person(s) own expertise, 

experience, and judgment to determine and score relevant risks.  Qualitative risk 

assessments are recommended to be performed on all relevant risks, including unknown 

risks, to prioritize these risks using a rating scale such as those used with risk matrices as 

well as risk cubes.  The HBSE approach is another example of a qualitative risk 

assessment where hazards and associated risk are identified in order to identify 

safeguards and prevent harmful occurrences (Lanzisero, 2014). 
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In the development of new safety standards, data may not always be available, 

and an assessment of all known risks is typically limited to the knowledge of the subject 

matter experts.  In this case, HBSE, risk matrices, and risk cubes are useful tools for a 

qualitative assessment as the subject matter experts have extensive knowledge of the 

product.  Per Apostolakis, quantitative risk assessment and traditional safety methods 

should be used complementary.  In his briefing, Apostolakis also notes the importance of 

using “risk-informed rather than risk-based decision making” to approach the safety of 

complex technology (Apostolakis, 2004).   

While there are many approaches to use for both qualitative and quantitative risk 

assessments, this Praxis focuses on the use of risk matrices, HBSE, and FMEA because 

of the dual importance of hazard identification and subject matter expertise.  Probabilistic 

quantitative methods were not used due to the uncertainty in simulating and predicting 

the impacts associated with consumer product risk. 

2.6.2 Risk Matrices 

Risk matrices are a common systems engineering methodology that is used to rate 

hazards. They are popular because of their ease of use, simplicity, and overall 

transparency (Ball & Watt, 2013).  The matrix is a table that categorizes levels of risk by 

the likelihood that the risk will occur and the impact of the risk. These intersecting values 

of likelihood and risk are used to provide a visualization of the probability versus the 

severity of the risk.  As an example, Figure 2-5 illustrates a typical 5x5 risk matrix 

developed by the Federal Highway Administration.  In this 5x5 risk matrix, risks are 

assessed using a color-coding system to measure risk levels.  The vertical cells in Figure 

2-5 describe the probability ratings while the horizontal cells describe the impact.  The 
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intersection of probability and impact indicate the level of risk from very low risk (green) 

to very high risk (red).  Although 2x2 risk matrices are available for use, the 5x5 risk 

matrix is the most common format used by national and international organizations (Cox, 

2008). 

Figure 2-5:  

Example of 5x5 Risk Matrix  

 

Ball and Watt further note that the reliability of risk matrices is highly dependent 

on the expertise of the assessor.  (Ball & Watt, 2013)  Since subject matter expertise is a 

critical part of standards development, it is again important to couple this knowledge base 

with risk science methodologies. To ensure that a developed risk matrix does not provide 

an artificial or inaccurate portrayal of known hazards, it is further important to also 

complement this type of qualitative data with quantified data (e.g., historical data).   For 

SDOs this includes understanding the common hazards within the consumer product 

industry which is the objective of Research Question 1 for this Praxis as well as utilizing 

historical data from CPSC. (Cox, 2008) 

 In his article, Cox also notes that there are limitations to risk matrices if not used 

correctly due to “poor resolution, suboptimal resource allocation, and ambiguous inputs 

and outputs.”   In the case of organizations who rely on subject matter experts to assess 
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product safety hazards, it is necessary for these experts to conduct the analysis with little 

to no subjectivity.  If hazards are not properly identified and ranked in a risk matrix, the 

risks associated with these hazards will not reduce or eliminate harmful occurrences such 

as injuries and fatalities.  With this, it is important for risk matrices to be properly used to 

ensure that developed safety standards as well as product safeguards take into account all 

possible outcomes to effectively mitigate risk. ,Cox goes on to note that risk matrices 

“should be used with caution, and only with careful explanations of embedded 

judgments.”  Organizations evaluating safety hazards can approach the analysis using 

complementary techniques that ensure a full review of the hazards in order to rank and 

prioritize them.   For the technical experts identifying and prioritizing the hazards, it is 

also necessary that there is rationale to support the ranking.  For example, a technical 

panel consisting of product designers, manufacturers, and researchers can provide a 

wholistic analysis of a product’s risks to develop an effective risk matrix  . (Cox, 2008)   

 Per Cox, utilizing risk matrices in standards development has been recommended 

from the standpoint of resource allocations and prioritizing hazard mitigation.  

Additionally, Cox notes that “Risk matrices are different enough from other topics (such 

as multivariate classification, clustering, and learning with correct classes provided as 

training data) to require separate investigation of their properties, in part because “risk” is 

not a measured attribute but is derived from frequency and severity inputs through a 

priori specified formulas such as Risk =Frequency×Severity” (Cox, 2008).  As noted, 

there is risk involved when utilizing risk matrices so having the proper data inputs is 

necessary to ensure hazards are properly identified and assessed to mitigate true risk. 
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(Ball & Watt, 2013)  Additionally, the perceptions and judgment of the risk assessor are 

key in ensuring that the assessment is objective.   

2.7 Role of the Consumer Products Safety Commission (CPSC) 

In the United States, any available data on consumer product incidents impacting health 

and safety comes through the CPSC’s National Electronic Injury Surveillance System 

(NEISS) and National Injury Information Clearinghouse.  (Hopkins, 1989) NEISS is a 

nationally representative probability sample of hospital emergency department (ED) 

visits associated with a consumer product injury from 101 hospitals in the United States. 

(CPSC, 2021)  The data is largely complete, and the sample is representative, so national 

estimates on occurrences can be made for most incidents if a sufficient number of 

incidents have occurred.  (Davis, Annest, Powell, & Mercy, 1996) 

  The CPSC National Injury Information Clearinghouse Query contains information 

on fatalities involving consumer products by way of death certificates and medical 

examiner reports supplied by state health departments, as well as incident reports from 

consumers and SaferProducts.gov submitters who have given permission to publish their 

information. (CPSC, 2021)   

Consumer products are a major source of injury in residential homes in the United 

States.  (Hopkins, 1989) The large rates of injuries and fatalities underscores the need for 

more robust prevention efforts given the widespread availability and use of consumer 

products.  Utilizing CPSC’s NEISS database and Clearinghouse Query as a data source 

for risk science approaches along with additional “tools that complement existing expert 

knowledge is needed in standards development.”  (Aven, 2019) 
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2.8 Systems Engineering Methodology 

In addition to risk science methodologies, systems engineering techniques are also 

relevant tools that can be incorporated into innovative product assessments to address risk 

(Meyer & Ford, 2015).  Inefficient testing criteria can result in low-quality safety 

standards.  Underestimated risks can manifest themselves as technological failures or 

product defects leading to harmful occurrences such as injuries and fatalities (Mahajan, 

1973).  As noted throughout this Literature Review, consumers rely on safety standards 

to ensure that everyday products are safe and combining risk science methodologies with 

systems engineering techniques provide organizations with a total quality approach to 

risk management (Kremljak & Kafol, 2014). 

2.8.1 Failure Modes and Effects Analysis (FMEA) 

The Failure Modes and Effects Analysis (FMEA) is an efficient system 

engineering tool that can be used to identify and prevent problems (Reiley, 2002). The 

FMEA uses a deductive reasoning approach to evaluate potential failures in a system or 

product (Reiling et al,2003).  This tool was developed in the 1940s by the United States 

military and is commonly used as a tool to analyze processes (ASQ, 2022).  There are 

significant advantages to using the FMEA as a quality management tool in industries 

ranging from automotive to healthcare to food services (ASQ, 2022).  In healthcare and 

medical applications, identifying the root cause of medical accidents is necessary for 

treatment and prevention and FMEA is a tool that has been applied in this area (Reiley, 

2002). Throughout this Literature Review, it has been noted that technology innovation 

brings increasing complexity to products that are addressed by standards.  With this, 

implementing quality management tools such as the FMEA provide organizations with 
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the capability to reduce risk through prevention (Reiley, 2002).  Table 2-6 provides a 

standardized table for the FMEA.  

Figure 2-6:  

Example Form for FMEA Analysis 

 

In the FMEA analysis table, the function of a product is assessed by identifying 

the failure mode, failure cause, and failure effect.  This analysis relies on input from key 

stakeholders who are familiar with the product or system.  In many studies, the FMEA is 

used to identify failure models, assess their risk, and determine action plans to mitigate 

these risks. In their review of the FMEA, Setiasih and Junadi agree that the FMEA is an 

effective tool that can “identify the risks of failure” in the medical industry.  Specifically, 

the FMEA was used as a prevention tool for medical errors by identifying potential 

failures before the failure occurred versus using a risk analysis (Setiasih & Junadi, 2017).   

Severity, occurrence, and detection scores can be used to rate the problems on a 

scale of one to 10 (one indicating less serious and 10 being hazardous) within the FMEA 

using a risk priority number (RPN).  As noted in Figure 2-7, the RPN is based on 

multiplying the severity, occurrence, and detection values to identify the critical 

problems.  (Shrivastava & Singh, 2018) Practitioners including Sharma and Srivastava 

calculate the RPN as the product of the severity, occurrence, and detection values 

(Sharma & Srivastava, 2018).  
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Figure 2-7:  

Calculation For FMEA for Finding the Critical Problem 

 

This level of prevention is a new approach to standards development because it 

again places a proactive focus on hazard identification and hazard mitigation which is 

necessary to ensure the standard addresses relevant hazards (Setiasih & Junadi, 2017). 

2.9 Perception of Consumer Product Safety 

Consumer and customer satisfaction is an important aspect of consumer product 

safety.  Per Bansal, consumers expect that products available for retail purchase meet a 

high level of safety criteria and concern regarding consumer product safety has grown.  

Applying both risk science and systems engineering methodologies into the decision-

making process for developing new safety standards is the type of approach that 

innovation leaders believe will elevate these types of processes to abate risk and satisfy 

customers.  (Bansal, 2014) 

In the Safety Gauge Study conducted by Technischer Uberwachungsverein 

(TUV), survey results indicated that between 2007 and 2017, consumer product safety 

concerns are becoming increasingly important (Bansal, 2014).  Additionally, between 

2007 and 2012, consumers viewing safety as very important grew from 33% to 44% of 

surveyed consumers viewing safety as very important (Bansal 2014). This number was 

projected to increase to 56% in 2017 (Bansal, 2014).  The noted increase in product 

safety concerns indicates that standards development organizations can address these 

growing concerns as well as growing risks by way of the standards that are designed to 
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guide the safety of these products (Bansal, 2014).  Additionally, TUV reports that the 

participants of this study emphasized the importance of consumer product brands 

engaging in the following activities to maintain their trust in consumer products (Bansal, 

2014):  

(1) Batch testing of products for safety (67%),  

(2) Pre-shipment inspections (56%), and  

(3) Product certification testing (53%).                                          

Item 3 indicates that product certification testing is one of the important activities 

that contribute to consumer trust.  Product certification occurs at testing, inspection, and 

certification organizations such as UL, TUV, ETL and many others who utilize standards 

as guidelines for evaluating products to ensure they are safe.  With this, standards must 

do more than rely on subject matter expert inputs and accreditation process guidelines to 

ensure that these documents are technically sound to address relevant hazards that impart 

risk (Aven, 2015).  In the U.S., accreditation guidelines are written and managed by the 

American National Standards Institute (ANSI).   

2.10 Decision Analysis 

Using injury and fatality data from CPSC’s NEISS database, common hazards, as 

well as harmful occurrences (including injuries and fatalities), can be used to analyze 

injury control levels. In the Hopkins assessment, the most common consumer product-

related injuries assessed from Ohio emergency room reports were lacerations (33%), 

contusions and abrasions (22%), sprains (16%), and fractures (13%)  (Hopkins, 1989).   

These types of risk considerations for consumer products will be further evaluated in later 
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sections of this Praxis to assess the application of the DST for use by standards 

development organizations.   

2.11 Summary and Conclusion 

The role of SDOs, including the engineering management that oversees the risk 

management process, plays a critical role in the successful development and quality of 

consumer product safety standards.  Systems engineering methodologies can support the 

risk management process by ensuring that SDOs produce standards that address the risks 

associated with new and emerging technologies In doing so, SDOs can ensure that they 

are producing high-quality standards that reduce harmful occurrences.  This Praxis 

expands the research detailed by Aven to improve standards development processes that 

currently lack strong risk characterizations by introducing a risk science-based decision 

support tool that complements existing consensus-based processes (Aven, 2019).  
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Chapter 3: Methodology 

3.1 Introduction 

Developing high-quality standards to address innovation ensures the safe 

implementation of products entering the marketplace.   This Praxis utilizes risk science 

and systems engineering techniques to provide SDOs with a complementary approach to 

standards development using a DST that provides a semi-quantitative approach to risk 

management.  Typical standards development processes include three main phases that 

include the pre-development stage, the development stage, and the post-development or 

outreach stage.  This Praxis recommends incorporating additional sources of input at the 

early onset of the standard during the pre-development stage as shown in Figure 3-1.  The 

enhanced pre-development phase includes the addition of other sources of input to 

include the use of the FMEA and DST which are described later in this chapter.  
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Figure 3-1:  

Enhanced Standards Development Flow Chart 

 

This chapter further describes the framework for the FMEA data analysis that was 

used to identify the relevant safety hazards and associated harmful occurrences for 

consumer products.  This information was used to develop the inputs for the DST.  

Furthermore, the validation of the DST was conducted using a retrospective case study 

approach for three different types of consumer products.   To achieve this, the following 
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research questions were investigated in order to answer the corresponding research 

hypotheses: 

RQ1: What are the common safety hazards associated with consumer products? 

RH1: Electrical, thermal, physical, and mechanical hazards are the most common 

safety hazards associated with consumer products. 

RQ2: What are the most common harmful occurrences associated with the safety 

hazards for consumer products? 

RH2: Electric shock, burns, falls, and fire-related injuries are the most common 

harmful occurrences associated with consumer products. 

RQ3: Can a risk-based decision support tool (DST) measure risk using hazard 

and harmful occurrence data to improve consumer product safety standards? 

RH3:  A risk-based decision support tool will provide a semi-quantitative risk 

analysis using hazard and harmful occurrence data to improve consumer product 

safety standards by identifying product risk factors.   

3.2 Data Description and Sources 

In the process of developing a new safety standard, there is critical information 

necessary to establish the requirements within the standard to truly address consumer 

product risk including (1) knowledge of common consumer product hazards, (2) 

knowledge of common harmful occurrences associated with consumer products, and (3) 

the severity and likelihood of risk associated with consumer products.  This Praxis uses 

data collected from the CPSC’s NEISS and Clearinghouse databases to address consumer 

product safety in standards development.   
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Developing a data-driven and risk-based DST for SDOs required the use of 

relevant inputs that prioritizes common hazards and associated harmful occurrences as 

decision criteria for new standards development.  The datasets generated from the CPSC 

NEISS and Clearinghouse databases provided the inputs necessary to build and validate 

the DST.  

CPSC maintains both of these publicly available databases as a way to collect, 

analyze, and report injury data to drive the prevention of consumer product-related 

injuries as well as fatalities (CPSC, 2022).  Mitigating these types of injuries and 

fatalities is the main objective of safety standards so this data was analyzed in this Praxis 

to align SDO priorities with those of CPSC in terms of advocating for the development of 

quality safety standards.  As Aven notes, safety standards lack necessary inputs such as 

risk considerations so using CPSC’s NEISS and Clearinghouse databases to analyze 

safety hazards and harmful occurrences was instrumental in developing the DST for this 

Praxis (Aven, 2009). 

3.3 Evaluating Safety Hazards 

A product hazard can be defined as a defect or performance failure that results in 

a risk of injury to a user. (Bansal, 2014)  To determine whether a product hazard exists, 

the CPSC recommends taking into account the trends in product defects/failures, the 

severity of risk of injury, and the likelihood of risk of injury.  (Bansal, 2014)  These 

considerations were used to answer the research questions and identify the relevant 

consumer product defects and failures which have resulted in product hazards (RH1) and 

harmful occurrences (RH2).  RH3 incorporates CPSC’s recommendations for utilizing 

both the severity and the likelihood of risk of injury to provide an output from the DST 
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that identifies the severity and likelihood of risks.  This information, currently missing 

from many standards developed processes as described in the Literature Review, provides 

a framework for standards development organizations to use when identifying the need 

for a standard as well as developing high-quality standards that adequately address 

consumer product risk. 

Hazards associated with consumer products pose a risk of injury or fatality to 

consumers.  When specific hazards are known, SDOs can use this information to inform 

the content of the standard to address these known risks.  To support the propositions 

provided by RH1 and RH2, data from the NEISS database was used to pull injury reports 

for three consumer products which were also used to validate the DST.  The DST was 

developed using the data from the NEISS data reports to identify and categorize the 

hazards.   While the NEISS database is able to pull reports that contain 30-37 columns of 

data, many of these fields were not relevant to this analysis as they contain information 

regarding the consumer who was injured such as date of birth, date injured, body part 

injured, etc.  As shown in Figure 3-2, the CPSC report data was customized to provide an 

output summarizing the emergency department records for a variety of consumer 

products.  The customized report focused on the CPSC case number, product type, and 

narrative description as shown in Figure 3-2.   
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Figure 3-2: 

Summary of Customized NEISS Data Output

 

  To determine the relevant hazards associated with a consumer product, the 

narrative field of the report provides a description and cause (i.e., overheating of the 

battery caused a third-degree burn). The NEISS database also uses a total of 30 diagnosis 

codes within the narrative field to summarize the injury diagnosis for further analysis by 

researchers. Figure 3-3 provides a list of the NEISS injury codes as noted by CPSC. 

Figure 3-3  

NEISS Diagnosis Codes 

 

                                (Note: Re-used per CPSC website granting researcher use) 
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For this Praxis, the injury codes were further analyzed to group the diagnosis into 

the larger hazard categories.  For example, there are six burn-related categories shown in 

Figure 3-3, and these categories were all grouped under the category “Thermal Hazard” 

to describe hazards that can result in burns, fire, or explosion from a heat source.  These 

hazard categories are used by CPSC and SDOs such as UL to describe the safety 

concerns that are addressed by a standard.  For example, a standard that addresses 

electrical hazards is known to address electric shock, explosion, or fire.  The hazard 

groupings were categorized as shown in Figure 3-4 and incorporated the NEISS diagnosis 

code descriptions.  Further analysis of the data was conducted to identify the relevant 

safety hazards (RH1) and associated harmful occurrences (RH2) needed to build the 

DST. 
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Figure 3-4:  

Hazard Categorization of NEISS Diagnosis Codes 

 

3.3.1 Data Analysis of CPSC Clearinghouse Injury Reports 

For the data analysis, injury reports were generated from CPSC’s Clearinghouse 

database as comma-separated value (CSV) files.  Microsoft Excel and Python coding 

languages were used to analyze the data to identify and classify the injury causes for each 

product.  This analysis included data cleaning to remove irrelevant attributes such as age 

and gender as well as data filtering to analyze the injury diagnosis.   Initially, the 

Clearinghouse reports were generated over 20 years from years 2000 to 2020 to gather 

data on the primary hazards and associated harmful occurrences for consumer products.  

These reports included consumer product-related and fatality records for incidents that 
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occurred between 2000-2020 as reported to CPSC.  Due to inconsistencies in the 

narrative field reporting across these 20 years, including missing diagnosis codes and/or 

limited information on the actual injury diagnosis, the data from the 2020 report was used 

as a representative sampling as it contained over 20,000 complete records.   

Data cleaning was used to remove irrelevant attributes from the report to focus 

specifically on common causes of injuries which contribute to the harmful occurrence.  

Data cleaning and filtering was conducted using both Python and Microsoft Excel to 

determine the hazard types from the injury diagnosis as provided in the narrative field.  

The hazard types for each record were grouped based on the hazard categories noted in 

Figure 3-4. This analysis was essential for this Praxis research as it provided the primary 

hazards and associated harmful occurrences identified under RH1 and RH2 which served 

as inputs to the DST. 

3.4 Research Method – Using Risk Science and Systems Engineering 

As risk is a product of uncertainty, it is important for organizations to ensure that 

business activities consider the relationship between uncertainty, risk, and business 

objectives. (Hillson, 2006)  Integrating methodologies such as risk science and systems 

engineering into standards development can help SDOs address the gap that Aven notes 

regarding the lack of risk inputs in standards development processes (Aven, 2015).  This 

Praxis includes the development of a DST that uses a semi-quantitative approach for 

utilizing the failure modes effect analysis (FMEA) as a systems engineering tool to 

manage risk.  Risk methodologies alone cannot guarantee the effectiveness of standards 

(Ciocoiu & Dobrea, 2010).  For this reason, the DST combines both a risk science 
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approach as well as systems engineering methodologies to mitigate risk in existing 

standards development processes.   

Aven notes that a complementary approach can be used to implement standards 

successfully (Aven 2017).  This approach ensures that existing standards development 

processes are not disrupted nor abandoned to incorporate this additional tool.  

Specifically, the risk matrix and the FMEA were the two complementary tools used to 

build the DST.  Both tools combine subject matter expert inputs with science-based 

rationale to further the considerations that Aven notes are currently lacking in standards 

development (Aven, 2017).   

The risk matrix is a risk science tool that is most effective when used by subject 

matter experts (Abrahamsen & Aven, 2012).  In the gas and oil industry, utilizing experts 

and decision criteria helps identify the severity of risks (i.e., major, minor, or negligible)  

(Tian, Yang, Junhua, 2018).  For this Praxis, the risk matrix serves as one of the 

components used to determine the severity of the hazards.   

The FMEA is a systems engineering technique that was utilized in this Praxis to 

identify consumer product failure modes that can result in harmful occurrences.  The 

failure modes were aligned with the product hazards (i.e., battery failure noted as an 

electrical hazard) as part of the DST validation.  Using the FMEA provides SDOs with 

the ability to utilize a multi-disciplinary approach to hazard identification as inputs to the 

DST which is an approach used within healthcare (Armitage et al, 2010). Additionally, as 

this Praxis addresses the development of quality safety standards, the FMEA is also a 

popular approach for quality management in healthcare (Ashley & Armitage, 2010).  To 
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develop the research product, it was essential to know the relevant consumer product 

hazards (RQ1) and associated harmful occurrences (RQ2) as inputs to the DST.   

3.5 Research Product: Decision Support Tool 

The DST developed for this Praxis is a hazard identification and risk assessment 

tool that evaluates the risks through common hazards that a consumer product may face 

throughout its lifecycle.  To do this, the DST utilizes the failure modes (FMEA) and 

hazards (RQ1) associated with consumer products that can result in harmful occurrences 

(RQ2) as inputs to the DST.  This type of Microsoft Excel-based DST that relies on 

expert judgment to quantify safety and risk as decision criteria are used in many fields 

such as the injection molding field (Hellman et al, 2019).   

The DST contains three components:  a Risk List, a Risk Report, and a Risk 

Matrix.  These three components utilize expert judgements to report decision criteria 

needed to inform SDOs of risk considerations needed for new standards development.  

The DST serves as the model used to assess the risk inputs and provided the outputs of 

the semi-quantitative analysis.  Figure 3-5 illustrates the process for using the DST and 

these steps are further described in sections 3.5.1, 3.5.2, and 3.5.3 
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Figure 3-5:  

DST Process Flow Diagram 
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3.5.1 Risk Matrix 

The Risk Matrix, as shown in Figure 3-6, provides an overview of the user 

selections for determining severity and likelihood.  The severity options include the 

harmful occurrence categories.  The likelihood options provide qualitative measures for 

the chances that the hazard results in a harmful occurrence.   The high, medium, and low 

parameters used to indicate the risk impact were designated based on the harmful 

occurrence rankings.  Fatalities and major injuries were identified as having a high or 

medium likelihood based on the analysis of the CPSC Clearinghouse reports.  Minor 

injuries were identified as having high, medium, and low likelihood values as these 

injuries were most prominent in the CPSC Clearinghouse report.   

Finally, negligible injuries were identified as having only medium and low 

likelihood values based on these injuries representing an injury diagnosis that did not 

contain one of the diagnosis codes previously shown in Figure 3-3.   The severity and 

likelihood options are both determined by the standards expert.  Once these options are 

selected, the risk impact is determined using the matrix selections shown in Figure 3-6.   
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Figure 3-6: 

Risk Matrix Qualitative Values 

 

The selections options for the Risk Matrix are used within the Risk List and Risk 

Report. The standards expert inputs these severity and likelihood parameters which 

populate the risk impact values on the Risk List.  

3.5.2 Risk List 

Hazards built into the DST were characterized using the CPSC data from the 

Clearinghouse as selections.  The risk list combines all of the outputs from the data 

analysis of the CPSC data to list the common hazards associated with consumer products.  

The DST allows users to select which hazards are of concern based on expert knowledge, 

technical insight, and research in the area.  Users identify these hazards using the FMEA 

approach to find all potential hazards that relate to the product.  It is imperative that since 

SDOs rely on subject matter experts that these experts are solicited to conduct the 

assessment due to their knowledge of the product being evaluated.   

Once the hazards are selected, the DST requires the standards expert to identify 

who is at risk with the selections including the product manufacturer, consumers, or both.   
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Knowing who is at risk ensures that standards developers focus their risk mitigation 

strategies on that specific demographic.  For example, mechanical hazards such as falls 

may require different tests or examinations for adults versus children so identifying who 

is at risk ensures the proper tests and examinations are used as risk mitigation strategies.    

After the user selects who is at risk, the selections for the severity and likelihood of the 

relevant hazards are chosen as illustrated in Figure 3-7.                                                                                                                

Figure 3-7: 

Risk List Table 

 

The DST uses the severity and likelihood values to determine the risk impact 

value per the risk matrix.  The recommended action column provides the user with an 

area to note additional actions to be taken based on the risk impact values.   The Risk 

Impact value is calculated in Microsoft Excel using an Index function to reference data 

from the Risk Matrix.  The following function is used for the RPN:    

RPN Calculation: 

IFERROR(IF(OR(LEN(B6)=0,LEN(D6)=0,LEN(E6)=0),"",INDEX(Matrix!$K$1

0:$N$13,MATCH(Risks!D6,Matrix!$J$10:$J$13,0),MATCH(Risks!E6,Matrix!$

K$9:$N$9,0))),"").   

The first portion of the function uses the hazard, severity, and likelihood areas of the Risk 

List to intersect with the corresponding values within the Risk Matrix.  The hazard, 

severity, and likelihood values are required in order to determine the risk impact value. 
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User instructions, as shown in Figure 3-8, are also included in the risk list  
 
section of the DST to inform the user of the necessary steps needed to obtain the risk  
 
impact value.   

Figure 3-8 : 

User Instructions 

 

 

3.5.3 Risk Report 

The DST contains a Risk Report that is designed to assist standards experts and 

SDO engineering management with managing and controlling the risks associated with 

the products that are covered within a safety standard.  The Risk Report provides a 

summary of the relevant product hazards by way of the harmful occurrence categories 

(i.e, Fatality, Major Injuries, Minor Injuries).  The Risk Report also assesses the severity 

of the harmful occurrences into a chart (reference Figure 3-9).  
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Figure 3-9:  

Full View of Risk Report  
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Finally, the Risk Report also measures the likelihood of risk reduction.  This 

information is displayed as an analysis of the amount as well as the distribution of both 

the severity and likelihood of the hazards listed under the Risk List shown in Figure 3-8. 

3.6 Research Validation: Case Study Approach 

The DST incorporates hazard and harmful occurrence data as decision criteria for 

standards developers and engineering managers to use in deciding the technical 

requirements for the standard.   The DST was validated using a thorough study of 

consumer product interactions that resulted in injuries and fatalities.  Utilizing case 

studies is a common approach to validating the effectiveness of risk assessment tools.  

This approach further investigated the types and severity of injuries inflicted on users to 

classify harmful occurrences into the following categories: (1)fatalities (2) major injuries 

(3) minor injuries (4) negligible injuries, as noted on the scale of severity for the risk 

matrix shown in Figure 3-6.   

Evaluating the effectiveness and accuracy of a risk assessment tool has been 

conducted using case studies that assess the predictive validity of the tool.  This type of 

validation has been used in risk assessment tools used in the judicial system to assess the 

tool’s ability to address the likelihood of an event occurrence (Singh et al, 2013).   Risk 

assessment tools, including the DST proposed by this Praxis, utilize subject matter 

expertise, so case study validation ensures that the likelihood and severity of results can 

be used as decision-making criteria for organizations such as SDOs.  The results from the 

case study are instrumental in validating the DST results, including the FMEA pre-

analysis, to ensure that the DST as a risk instrument is practical and efficient.  Since 

standards cannot be measured for effectiveness until after they have been published, 
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statistical analysis was not used and the case studies served as a retrospective analysis of 

existing standards.  The case studies utilize past harmful occurrence data to generate data 

to support the analysis used to validate the research hypotheses for qualitative studies  

(Baxter & Jack, 2018).  Since this Praxis incorporates semi-quantitative data, the 

combination of the DST and the case study serves as a way to investigate the decision 

criteria needed for standards development.   

Utilizing the complementary approach to combine the application of the DST 

with existing standards development processes ensures that all necessary criteria inform 

the content of the standard without jeopardizing existing processes.  This further drives 

the impact of the standard to ensure that it is relevant to the hazards that exist as noted by 

Aven (Aven, 2009).  Geraghty and Woodhams conducted a similar approach to validating 

the use of a risk assessment tool for female offenders as part of their research in the 

judicial system to assess offender risk levels (Geraghty & Woodhams, 2015).  As case 

study data is typically gathered from multiple sources and multiple are needed to analyze 

this data, the case studies focus on applying the risk assessment and failure modes and 

effects analysis (FMEA) as inputs to the DST (McLeod, 2019).  The DST outputs serve 

as the decision criteria needed to identify the relevant consumer product risks that impact 

the quality of consumer product safety standards. 

For this Praxis, the validation of the case studies used three consumer products 

that have existing UL standards already published to conduct the retrospective analysis.  

These three consumer products were selected based on research efforts that indicated 

high levels of severity related to consumer product injuries for typical products found in 

residential homes, which hair dryers and microwaves were selected, as well as a new 
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product that was recently introduced to the market, which hoverboards was selected.  In 

reviewing the data reports generated from CPSC’s Clearinghouse and NEISS databases, 

these three products represent the full range of common hazards and common harmful 

occurrences for consumer-related products.  

For each case study, the FMEA table described in Figure 3-10 was used as a 

precursor to the DST to identify the failure modes and hazards associated with each 

product to provide a risk profile.  The FMEA contains fields for each identified product 

hazard to note the severity, occurrence frequency, and detection as determined by the 

expert or user.  The severity, occurrence frequency, and detection were based on a 10-

point scale which is typical for an FMEA (Mascia et al, 2020). This 10-point scale is 

described in Figure 3-11.  These values were then used to calculate the Risk Priority 

Number (RPN) as noted in Figures 3-10 and 3-11. 
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Figure 3-10:  

FMEA Template 

Product 

Type 

Relevant 

Safety 

Hazard(s) 

Severity Occurrence 

Frequency 

Detection Risk Priority Number 

(RPN) 

List the 

product 

type. 

Based on 

common 

safety 

hazards for 

consumer 

products. 

How 

severe is 

the 

effect? 

How 

frequent is 

the 

occurrence 

likely to 

happen? 

How 

probable is 

detection 

of the 

hazard? 

RPN calculated as: 

severity x occurrence 

frequency x detection 

 

Figure 3-11:  

FMEA 10-Point Scale 

 

 

 

 

 

 

The RPN calculated from the FMEA assists with prioritizing the hazards as an 

input to the DST.  These RPN values also determine if additional action is required when 

addressing failure modes.  For example, higher RPN values indicated that specific 

compliance criteria are necessary to ensure that the standard adequately addresses 

• Severity:  This notes the severity of the hazard and is scored on a scale of 1 to 10.  A high score 
is assigned to hazards with high impact (fatalities and major injuries) while a low score is 
assigned to low impact events (minor injuries). 

• Occurrence Frequency:  This notes the likelihood of the hazard causing a failure and is scored on 
a scale of 1 to 10.  A high score is assigned to a high frequency while a low score is assigned to a 
low frequency. 

• Detection:  This parameter notes the ease of detection of the hazard and is scored on a sale of 1 
to 10.  A hazard that can be easily detected is assigned a low score while a high score is assigned 
to an inconspicuous event. 

• RPN:  The overall risk score of an event.  It is calculated by multiplying the scores for severity, 
occurrence and detection.  An event with a high RPN will correlate to a high-risk product. 
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product hazards.  For each case study, the FMEA was completed using available 

knowledge for each product and this information was used as input to the DST.  The 

results from the DST, including the hazard rankings and risk of likelihood parameters, 

were compared to the most recent edition of each product’s safety standard.  These 

comparisons indicated whether the standard effectively covered all risk factors by 

examining the tests and examinations within each standard.  The data used for each case 

study included the most recent years of data available from CPSC’s NEISS database. 

3.6.1 Microwave Case Study 

UL 923 is the Standard for Microwave Cooking Appliances originally published in 

October of 1977.  As of June 2022, this Standard is in its seventh edition and covers 

requirements for both household and commercial microwaves that are rated at 600 volts 

or less in accordance with the United States National Electrical Code (NEC).   The 

standard was originally developed to address electrical and fire hazards.  Since 1977, the 

standard has gone through seven editions to further address risks associated with thermal 

and mechanical hazards.   

Data between 2008 and 2012 generated from CPSC’s NEISS database was used 

to analyze reports pertinent to injuries and fatalities treated in emergency departments 

during this timeframe.  This data was also used to determine whether the existing 

standard UL 923 addressed the hazards and harmful occurrences noted by the data. 

3.6.2 Hoverboard Case Study 

UL 2272, Standard for Electrical Systems for Personal E-Mobility Devices, was 

published after the CPSC was encouraged to review fire and thermal injuries when these 

products entered the market in 2015 (Rose, 2018).  While a hoverboard is viewed as a 
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“toy,” pediatricians, retailers, researchers, and consumers noted severe hazards in the 

design of these products in which no standard or regulation was being enforced in 2015.  

(UL, 2017)  The standard is a first edition standard published in 2016.  The scope of the 

standard notes that UL 2272 focuses on energy and electric shock hazards.  

Data between 2016 and 2020 generated from CPSC’s NEISS database was used 

to analyze reports pertinent to injuries and fatalities treated in emergency departments 

during this timeframe.  This timeframe represents the availability of data from when 

hoverboards were first introduced to the market through the end of 2020.  This data was 

also used to determine whether the existing standard UL 2272 addressed the hazards and 

harmful occurrences noted by the data. 

3.6.3 Hair Dryer Case Study 

Hair dryers gained popularity beginning in 1973 when sales in the United States for 

this $6 item increased from 7.7 million in 1973 to 22 million in 1976 (Thomas, 1978). 

UL published the Standard UL 859, Standard for Household Electric Personal Grooming 

Appliances to cover household hair dryers, as well as other electric personal grooming 

appliances such as electric combs and curling irons, after consumer concerns raised to the 

CPSC noted the need for stricter regulation.  This standard was originally developed to 

primarily address electrocutions that resulted in fatalities and now as of June 2022 is in 

its 11th edition. 

Historical data generated from CPSC’s NEISS database was used to analyze 

reports pertinent to injuries and fatalities treated in emergency departments during the 

timeframe of 1981 to 2001.  This data was also used to determine whether the existing 

standard UL 859 addressed the hazards and harmful occurrences noted by the data. 
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3.7 Conclusion 

The data analysis that was conducted to identify the relevant safety hazards (RH1) 

and associated harmful occurrences (RH2) for consumer products was utilized to build 

the DST (RH3) used for this Praxis.  Figure 3-12 summarizes the steps taken for this 

Praxis.   

Utilizing the risk-science methodologies and systems engineering tools was 

instrumental in guiding the development of the DST in order to accept the research 

hypotheses. The results (detailed in Chapter 4) provide a basis for utilizing this DST as a 

complementary tool to aid engineering management within SDOs in the development of 

new safety standards.   

 

.
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Figure 3-12  

Summary of Methodology 
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Chapter 4: Results 

4.1 Introduction 

This chapter presents the results for the data analysis of the injury reports as well 

as the results for the case studies.  The results are included in each section to summarize 

the findings from the data analysis as well as the output from the decision support tool 

(DST).   

The CPSC Clearinghouse data was used to determine the common hazards and 

harmful occurrences for 2020 which was used to assess RH1 and RH2: 

RH1: Electrical, thermal, physical, and mechanical hazards are the most common 

safety hazards associated with consumer products. 

RH2: Electric shock, burns, falls, and fire-related injuries are the most common 

harmful occurrences associated with consumer products.The following consumer 

products were selected for the case study based on the noted date ranges from the CPSC 

NEISS data:  Microwaves, Hoverboards/E-bikes, and Generators.  These case studies 

show the critical safety implications for these products which was used to assess the 

following hypotheses: 

RH3: A risk-based decision support tool will provide a semi-quantitative risk 

analysis using hazard and harmful occurrence data to improve consumer product 

safety standards by identifying product risk factors.  

4.2 Data Analysis of CPSC Clearinghouse Injury Reports  

 Injury reports from the CPSC Clearinghouse database were generated for the most 

recent year of available data, 2020, to identify and categorize the hazard types (RH1) and 

associated harmful occurrences (RH2).  The CPSC data for 2020 included 20,676 records 
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and the incident descriptions were analyzed to categorize the hazards and hazard types.  

The 20,676 records were associated with a range of products including but not limited to 

microwaves, hoverboards, and hairdryers.  Figure 4-1 provides a snippet of the CPSC 

Clearinghouse data that was cleansed using the narrative column and production 

information to provide the relevant data points.  The six columns shown in Figure 4-1 

provided the relevant information needed to analyze the data. The “Incident ID” is 

assigned to each record as an identifier noting the year, month, date and CPSC internal 

code (e.g. 20200103-9E9F6-2147375631).  and the treatment date corresponds to the date 

the consumer was treated for the harmful occurrence.  The column for body part 

identifies where on the body the consumer was injured and the diagnosis column notes 

the diagnosis pulled from the narrative.  A list of the body part and diagnosis codes is 

provided in the Appendix.   

The “Product 1” column notes the product code for each product listed in the 

report.  The “Product 1” and incident description information shown in Figure 4-1 was 

used to categorize the primary hazards for each of the 20,676 records in response to RH1.  

These 20,676 records included data for all products in the year 2020 that resulted in an 

injury or fatality.  The primary hazards were the focus of this Praxis research because the 

secondary hazards did not provide complete records for all incidents as some incidents 

were the result of only Product 1.   
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Figure 4-1:  

2020 Hazard and Harmful-Occurrences Data 
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From this information, the frequency distribution was calculated for all 2020 

Clearinghouse data as shown in Figure 4-2 to identify the common consumer product 

hazards.   

As shown in Figure 4-2, the data indicated that there were four major hazard 

categories for the 2020 Clearinghouse product incident data.   Additionally, mechanical 

hazards combined resulted in 11 total sub-categories of associated harmful occurrences.   

Figure 4-2:  

2020 Clearinghouse Hazard Category Breakdown 

 

Figure 4-3 expands the data analysis to provide the number of consumer product-

related incidents within each of the hazard categories.  Mechanical hazards, with a total 

of 11 sub-hazard categories resulted in 8,475 consumer product harmful occurrences. 
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5

6

3

2020 Clearinghouse Hazard Breakdown
(4 hazard categories and 25 total hazards)

Mechanical Hazards Thermal Hazards Chemical Hazards Electrical Hazards
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Figure 4-3:  

2020 Clearinghouse Hazard Category Incident Frequencies 

 

Figure 4-4 shows that for the year 2020, the breakdown of incidents from 

consumer products resulted in 25 total hazard and harmful occurrence combinations.  

These 25 hazards contributed to the 17,670 harmful occurrences reported in the 2020 

data. Mechanical hazards accounted for the largest amount of consumer product incidents 

within the breakdown as there were 11 mechanical hazard-harmful occurrence instances 

in the data.  

 

 

  

8475

5517

1291

2387

2020 Hazard Category Frequencies
(17,670 incidents resulting in harmful occurrences ouf of 20,670 records)

Mechanical Hazards Thermal Hazards Chemical Hazards Electrical Hazards
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Figure 4-4:  

2020 Breakdown of Hazard Categories and Harmful Occurrences 

 

The frequency of the hazard-harmful occurrence instances described in Figure 4-4 

was also analyzed and calculated as shown in Figure 4-5.   Of the 20,676 records for the 

year 2020, 17,670 harmful occurrences were reported in the data that corresponded to one 

of the 25 hazards in Figure 4-4.   The remaining 3,006 records that contributed to the total 

20,676 records in 2020 reported harmful occurrences which were not associated to one of 

the 25 hazard categories.  The analysis for the harmful occurrences used the full 20,676 

records in order to determine the breakdown of these occurrences.    Thermal – Fire, 

Mechanical – Collision (due to collisions with consumer bikes and ATVs), Mechanical – 

Submersion (due to drowning), and Electrical Malfunction were the top categories that 
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resulted in harmful occurrences.  Electrical malfunctions primarily resulted in no injuries 

or unspecified injuries, so this category was deemed negligible. 

Figure 4-5:  

2020 Breakdown of Hazard and Harmful Occurrence Data 

 

The harmful occurrence data described in Table 4-1 were further analyzed to 

focus on the severity of the victim 1 occurrences to quantify the total number of harmful 

occurrences in the year 2020.  
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Table 4-1:  

2020 Harmful Occurrence Data 

# of Victims Primary Victim Severity 

5452 No incident - injury 

10652 Death 

511 First Aid Received by Non-Medical Professional 

1663 Hospital Admission 

327 Seen by Medical Professional 

316 Level of care not known 

304 No Incident No Injury 

451 No First Aid or Medical Attention Received 

149 Unspecified 

851 Emergency Department Treatment Received 

 

Of the 20,676 records that resulted in harmful occurrences described in Table 4-1, 

the breakdown amongst deaths and injuries was further analyzed as shown in Figure 4-6.   

The total record count of 20,676 was used for the analysis to quantify the common 

harmful occurrences even though 3,006 of these records did not have an associated 

hazard type.  The total number of injuries is based on a summation of the 511 victims that 

received first aid from a medical professional, the 1,663 victims that received hospital 

admission, the 851 victims that received emergency department treatment, and the 327 

victims that were seen by a medical professional.  The total number of deaths is based on 

the number of deaths identified in Figure 4-6.  The number of occurrences that resulted in 
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no medical attention / no injury is a summation of the 5,452 victims with no incident-

injury and the 304 victims with no incident – no injury.  Finally, the total number of 

unspecified incidents listed in Figure 4-6 is based on a summation of the 149 victims with 

unspecified injuries and the 316 victims in which level of care was unknown.   

Figure 4-6:  

2020 Harmful Occurrence Breakdown 

 

Figure 4-6 shows that deaths and injuries make up more than approximately 68% 

of the total 20,676consumer product incident cases for the year 2020.  Unspecified cases 

as well as no medical attention/injury cases make up the remaining 32% of the cases.  

Deaths alone accounted for 52% of the total number of 2020 consumer product incident 

cases in response to RH2.   
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The data analysis used to identify the common hazards (RH1) and associated 

harmful occurrences (RH2) served as inputs to the decision support tool which utilized 

the case studies for the retrospective validation.  Table 4-2 provides a list of all the 

common hazards (RH1) and associated harmful occurrences (RH2) that were built into 

the DST based on the Clearinghouse data analysis. 
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Table 4-2:  

Summary of Hazard and Harmful-Occurrence Categories for the DST 

Hazard Category Hazard Occurrence 

Chemical Allergenic 

Chemical Poisoning-Carbon Monoxide 

Chemical Poisoning-Other Gases/Vapors 

Chemical Poisoning-Other Liquid/Solid 

Electrical Electric Shock/Electrocutions 

Electrical Other Electrical Malfunction 

Electrical Water Leaking 

Mechanical Explosion (pressure related) 

Mechanical Fall 

Mechanical Malfunctioning Safety Equipment 

Mechanical Projective/Falling Objects 

Mechanical Sharp or Pointed Objects 

Mechanical Small Parts 

Mechanical Submersion 

Mechanical Threat to Breathing 

Thermal Fire 

Thermal Flammable Liquids, Gases & Vapors 

Thermal Hot Liquid or Steam 

Thermal Hot Surface 

Thermal Other Flammable Materials 



 

 
 

67 

4.3 Case Study Review 

  This section describes the results from each retrospective case study analysis.  

Each data report generated from the NEISS database provided injury and fatality reports 

for a specified range of years for each case study product.  The diagnosis codes and 

corresponding diagnosis descriptions provided by CPSC were used to categorize the 

harmful occurrences found within the data.  These diagnosis codes, as shown in Figure 4-

7, were used to further quantify and analyze the product data for each case study.  The 

FMEA was further used to identify the relevant hazards for each product and this 

information provided the inputs to the DST based on hazards that had a risk priority 

number (RPN) that exceeded 100 since 100 is the maximum FMEA value deemed by 

practitioners to be most critical. 

  For each case study product, the selections for who is at risk, severity, and 

likelihood were chosen by the researcher based on the researcher’s knowledge as a 

product safety engineer working with the technical committees overseeing the ULSE 

standards for these products.  The selections for who is at risk include consumer and 

manufacturer as these two stakeholder groups are at risk when using and assembling 

these products.  The selections for severity include fatality, major injuries, and minor 

injuries as previously noted in the risk matrix.  The selections for likelihood include very 

likely, likely, unlikely, and highly unlikely.  The risk impact was based on the 

intersection of the severity and likelihood inputs with resultant values of high, medium, 

and low as noted in the risk matrix. 
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Figure 4-7:  

Summary of Diagnosis Codes and Corresponding Descriptions 
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4.3.1 Microwave Case Study 

  The NEISS report-out for microwaves includes a total of 1,160 total incidents for 

the years 2008 through 2012 as shown in Table 4.3.  As further shown in Table 4-3, the 

number of incidents increased each year beginning in 2008 through 2012 which was the 

beginning of the discussions within the UL 923 Standards Technical Panel (STP) to 

consider new requirements to address burns in children. 

Table 4-3:  

2008-2012 NEISS Injury Data for Microwaves 

Year Total Incidents % of Total Incidents  

# of Diagnosis 

Types 

2008 184 16% 7 

2009 223 19% 11 

2010 238 20% 10 

2011 262 23% 9 

2012 253 22% 10 

Total 1171 --  

 

For each year, the CPSC NEISS data for microwaves was analyzed to identify the 

number of incidents for each of the diagnosis codes described in Table 4-4.  A summary 

of these results is provided for each year in Tables A-1 to A-5 in Appendix A.  
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Table 4-4:  

Summary of 2008-2012 Microwave Incidents 

2008-2012 Microwave Injury Data 

Diagnosis  

Code 

Diagnosis Code  

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 766 Burn, scald 66.03% 

49 3 Burn, Chemical 0.26% 

51 188 Burn, thermal 16.21% 

57 42 Fracture 3.62% 

64 55 Strain, Sprain 4.74% 

71 51 Other 4.40% 

63 2 Puncture 0.17% 

46 1 Burns, Elect 0.09% 

47 1 Burns, not spec 0.09% 

73 0 Burns, radiation 0.00% 

65 31 Anoxia 2.67% 

52 7 Concussion 0.60% 

54 1 Crushing 0.09% 

67 7 Electric Shock 0.60% 

68 5 Poisoning 0.43% 
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Thermal burns of the scalding type accounted for 766 of the total incidents which equate 

to 66.03% as shown in Figure 4-8.  

Figure 4-8:  

Breakdown of 2008-2012 Microwave Incidents 

 

The data analysis for microwaves ultimately showed that thermal burns were the 

most prevalent hazard and harmful occurrence in terms of injury incidents.  That data 

showed minimal incidents relative to other chemical, physical, mechanical, and electrical 

hazards.  This information was used to compare the results of the FMEA.   

The FMEA, conducted as a pre-analysis of the DST, was based on a standard 

residential microwave as covered by the standard UL 923.  The FMEA shown in Figure 

4-9 provides a list of all relevant safety hazards for these products.  The rankings were 

based on the researcher’s knowledge within the consumer product industry as a product 

safety engineer for UL and those hazards with a risk priority number (RPN) greater than 

100 were used as inputs to the DST. 
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Figure 4-9:  

Microwave FMEA 
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Electrical, thermal, mechanical, and installation-related hazards received severity, 

occurrence frequency, and detection scores that resulted in RPN values that exceeded 

100.  As such these hazards were deemed most critical to serve as inputs to the DST.  The 

process for conducting the DST is something that SDOs can task to the technical 

committee to solicit expert knowledge.  This complimentary approach feeds the DST 

which requires the user to input relevant hazards to calculate the risk profile.  Electrical, 

thermal, mechanical, and installation-related hazards were used as inputs to the DST 

analysis for microwaves and the results provide a risk profile for SDOs to use when 

developing new standards as well as modifying existing standards. As shown in Figure 4-

10, the results of the FMEA were used to input the relevant hazards as well as injury 

types to the DST.  Selections for who is at risk, severity, and likelihood were assigned 

using the researcher’s knowledge of this type of consumer product as well as the injury 

breakdown from the 2008-2012 data from NEISS.  

Based on the selections for the Risk List shown in Figure 4-10, the final Risk 

Report for the microwave case study reports 12 total risks with four high impact risks, 

seven medium impact risks, and one low impact risk as shown in figure 4-11.  

Additionally, the severity associated with these products failing indicates the chances for 

more minor injuries (50%) and major injuries (41.7%) versus fatalities (8.3%).   With this 

information, SDOs and technical committees have semi-quantitative data to use to inform 

safety standards.  For example, knowing that there are four high-impact risks could be 

interpreted as primary risks that need to be addressed by a standard which is critical 

information that Aven notes as essential to standards developers (Aven, 2009). 
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Figure 4-10:  

DST Risk List for Microwaves 



 

  

75 

Figure 4-11:  

DST Risk Report for Microwaves
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4.3.2 Hoverboard Case Study 

  The NEISS report-out for hoverboards includes a total of 3,300 hoverboard 

incidents that occurred between 2016 and 2020.  301 of these hoverboard incidents are 

included in the 2020 incident dataset from the Clearinghouse.  Unlike the other products 

evaluated in this case study, the hoverboard had two product codes that were used to 

analyze data between the years 2016 and 2020 as noted in Table 4-5.  The data was 

cleaned to ensure that the analysis only assessed injury data for these product codes as 

other data for powered scooters and skateboards was also within the reports but not 

applicable to this analysis.  CPSC noted that in 2018, the hoverboard code changed from 

5042 to 5025 to specifically address hoverboards as powered skateboards while code 

5042 remains the code for all other motorized scooters.    

Table 4-5:  

CPSC Hoverboard Product Codes 

NEISS Product 

Code Format Name 

NEISS Product Code Format Value 

Label 

5025 Hoverboards and Powered Skateboards 

5042 Scooters/Skateboards, Powered 

 

UL 2272, the Standard for Electrical Systems for Personal E-Mobility Devices, was 

published on November 21, 2016, by UL Standards & Engagement after CPSC urged the 

development of a standard to address hoverboard safety.  (UL, 2017) As shown in Table 

4-6 the number of incidents decreased each year after the Standard UL 2272 was 

published.   Additionally, hoverboards were first introduced to the market in 2015 and 
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resulted in 1,855 incidents in 2016 which were 56% of the total number of incidents 

between 2016 and 2020.    

Table 4-6:  

2016-2020 NEISS Injury Data for Hoverboards 

Year 

Total 

Incidents 

% of Total Incidents 

(2016-2020) 

2016 1855 56% 

2017 371 11% 

2018 400 12% 

2019 373 11% 

2020 301 9% 

Total 3300 --  

 

For each year between 2016 and 2020, the CPSC NEISS data for hoverboards was 

analyzed to identify the number of incidents for each of the diagnosis codes shown in 

Table 4-1. A summary of these results is provided for each year. The data is presented in 

Tables A-6 to A-10 in Appendix A.  Between the years of 2016 and 2020, there were 

again a total of 3,300 incidents spread across 14 of the CPSC NEISS diagnosis codes. 

Table 4-7 provides a summary of the total incidents where fractures accounted for over 

37% of the total incidents. As shown in Figure 4-12, next to fractures, the other common 

injuries for hoverboards include contusions/abrasions as well as strains/sprains.  These 

types of physical injuries showed to be predominant for hoverboards before and after the 

UL 2272 was published.   
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Table 4-7:  

Summary of 2016-2020 Hoverboard Incidents 

2016-2020 Hoverboard Injury Data 

Diagnosis 

Code 

Diagnosis  

Code Count Diagnosis Description 

% of Total 

Incidents 

50 1 Amputation 0.03% 

51 2 Burn, Thermal 0.06% 

52 151 Concussion 4.58% 

53 535 Contusions, Abrasion 16.21% 

54 1 Crushing 0.03% 

55 22 Dislocation 0.67% 

57 1253 Fracture 37.97% 

59 236 Laceration 7.15% 

60 15 Dental Injury 0.45% 

62 250 Internal Injury 7.58% 

63 3 Puncture 0.09% 

64 507 Strain, Sprain 15.36% 

67 2 Electric Shock 0.06% 

71 322 Other 9.76% 

 

  



 

 
 

79 

Figure 4-12:  

Breakdown of 2016-2020 Hoverboard Incidents 

 

As shown in Table 4-7 and Figure 4-12, before the Standard UL 2272 being 

published, hoverboard injuries were primarily thought to be attributed to electrical and 

electrochemical issues with the battery as well as the charging system. Because of this, 

the initial development of the standard focused on the electrical system as the injuries and 

property damage caused by hoverboards were most severe in this area. The scope of UL 

2272 also notes that the standard does not address physical injuries (UL, 2017). The fact 

that these types of injuries and related hazards are not addressed by the standard means 

that additional risk assessment methodologies and data inputs are necessary to ensure that 

standards address the relevant consumer product hazards (Aven & Aven, 2015). 

The FMEA for hoverboards was conducted as a pre-analysis of the DST. As noted 

for the microwave case study, the DST identifies the hazards associated with the product 

based on the results from the FMEA pre-analysis. Figure 4-13 shows the FMEA

0.03% 0.06%
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Figure 4-13:  

Hoverboard FMEA 
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conducted for hoverboards to note all relevant safety hazards for these products. The 

rankings for severity, occurrence, and detection were based on the researcher’s 

knowledge within the consumer product industry as well as the Literature Review 

findings. The hazards with an RPN value greater than 100 were used as inputs to the 

DST. 

Based on the RPN values noted under Figure 4-13 for hoverboards, all hazards 

except for chemical hazards were used as inputs to the DST since the RPN value 

exceeded 100. Hoverboards have higher severity and detection values which increased 

the RPN to levels that ranged from 280 to 810. As such, it is important to consider these 

hazards as inputs to the DST and the process of conducting the FMEA ensures that SDOs 

and their technical committees analyze all safety-critical features of consumer products.  

As shown in Figure 4-14, the results of the FMEA were used to input the relevant hazards 

as well as injury types to the DST. Selections for who is at risk, severity, and likelihood 

were assigned using the researcher’s knowledge of this type of consumer product as well 

as the injury breakdown from the 2016-2020 data from NEISS. 

Based on the selections for the Risk List described in Figure 4-14, the final Risk 

Report for the hoverboard case study reports 12 total risks with five high impact risks, six 

medium impact risks, and one low impact risk. Figure 4-15 provides a summary of the 

risk report outputs and this information is currently not available for SDOs to use as a 

complementary approach to addressing consumer product risk. Per the report, fatalities 

have a likelihood value of 8.3%. Minor injuries are likely to occur 50% of the time while 

major injuries are likely to occur 41.7% of the time.
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Figure 4-14:  

DST Risk List for Hoverboards 
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Figure 4-15:  

DST Risk Report for Hoverboards 
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4.3.3 Hair Dryer Case Study 

The NEISS report-out for hair dryers was based on historical archive data from 

1981 to 2001. UL 859, Standard for Household Electric Personal Grooming Appliances 

which covers household hair dryers, was originally developed to primarily address 

electrocutions that resulted in fatalities. From 1981 to 2001, there were 566 incidents 

related to hair dryers that resulted in 9 fatalities. Since the data for this product was 

archived data, the data analysis used keywords from the CPSC diagnosis descriptions. 

Table 4-17 provides a view of the first 10 records for this archive data. The narrative 

section was used to filter the diagnosis keywords.  Table 4-18 contains a summary of the 

incidents between 1981 and 2001.   

Figure 4-16:  

Hair Dryer Data Summary (1st 10 records) Generated from NEISS Archive 
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Table 4-8:  

Hair Dryer Data Summary Generated from NEISS Archive 

Years: 1981-2001 

Diagnosis Key Words 
Diagnosis 

Code Count 
Diagnosis Description 

% of Total 

Incidents 
 

Burn, Electrical, Explode 7 Burn, Electrical 1.24%  

Burn, Thermal, Hot, Fire 229 Burn, Thermal 40.46%  

Concussion, Head 86 Concussion 15.19%  

Laceration, Cut 71 Laceration 12.54%  

Internal Organ Injury, 

Injury 35 Internal Organ Injury 6.18% 
 

Strain, Sprain 55 Strain, Sprain 9.72%  

Hemorrhage 5 Hemorrhage 0.88%  

Electric Shock, Spark 21 Electric Shock 3.71%  

Trauma, Pain 57 Other 10.07%  

 

Burns caused by electrical and thermal hazards represented over 41% of the 

incidents as shown in Table 4-8. Lacerations, strains, and sprains were the physical 

hazards that collectively represented over 22% of the incidents. This data showed that 

hair dryers had similar hazards to both microwaves and hoverboards as it pertains to 

thermal and physical hazards. Currently, UL 859 does not address physical hazards. 

The FMEA for hair dryers was conducted as a pre-analysis of the DST. As noted 

for the microwave and hoverboard case studies, the DST identifies the hazards associated 
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with the product based on the results from the FMEA pre-analysis. Figure 4-17 provides 

the FMEA conducted for hair dryers and the rankings for severity, occurrence, and 

detection were based on the researcher’s knowledge within the consumer product 

industry as well as the Literature Review findings. The hazards with an RPN value 

greater than 100 were used as inputs to the DST. 

Based on the RPN values noted under Figure 4-17 for hair dryers, all hazards 

except for chemical hazards were used as inputs to the DST since the RPN value 

exceeded 100, ranging from 175 to 360. Hair dryers have higher severity values as 

electrical, thermal, mechanical, and physical hazards may result in major injuries as well 

as fatalities. Similar to hoverboards, it is important to consider these hazards as inputs to 

the DST. The process of conducting the FMEA ensures that SDOs and their technical 

committees analyze all relevant safety critical features of consumer products.  As shown 

in Figure 4-18, the results of the FMEA were used to input the relevant hazards as well as 

injury types to the DST. Selections for who is at risk, severity, and likelihood were 

assigned using the researcher’s knowledge of this type of consumer product as well as the 

injury breakdown from the 1981-2001 archive data. 

Based on the selections for the Risk List described in Figure 4-19, the final Risk 

Report for the hair dryer case study reports 12 total risks with four high impact risks, 

seven medium impact risks, and one low impact risk. Per the report, fatalities and 

negligible injuries have a likelihood and severity value of 8.3%. Minor injuries and major 

injuries both have a severity value of 41.7%. Figure 4-19 provides a summary of the risk 

report outputs and this information is currently not available for SDOs to use as a 

complementary approach to addressing consumer product risk.
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Figure 4-17:  

Hair Dryer FMEA 
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Figure 4-18:  

DST Risk List for Hair Dryers 
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Figure 4-19:  

DST Risk Report for Hair Dryers 
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4.4 Conclusion 

Based on the results from this Praxis research, it can be concluded that common 

consumer products and their associated harmful occurrences are able to be identified and 

used as inputs to a risk assessment instrument that can provide SDOs with decision 

criteria for developing standards.  These types of results support the approach that SDOs 

and their technical committees use to determine the safety considerations for consumer 

products to develop safety standard requirements that serve as the mitigation plan for 

reducing consumer product risks. 

RH1: Electrical, thermal, physical, and mechanical hazards are the most common 

safety hazards associated with consumer products. 

RH1 Conclusion:  The case studies for the three selected consumer products 

indicates that electrical, thermal, physical, and mechanical hazards are common 

for consumer products. All of these hazards were represented in one or more of 

the selected case study products. 

RH2: Electric shock, burns, falls, and fire-related injuries are the most common 

harmful occurrences associated with consumer products. 

RH2 Conclusion: Electric shock, burns, falls, and other fire (or thermal) related 

injuries were also common for the consumer products evaluated under the case 

study.  All of these harmful occurrences are the result of the hazards noted in 

RH1. 

RH3: A risk-based decision support tool will provide a semi-quantitative risk 

analysis using hazard and harmful occurrence data to improve consumer product 

safety standards by identifying product risk factors.  
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RH3 Conclusion:  The DST’s Risk Report provides SDOs with a risk profile for 

a consumer product which can be used to determine the specific requirements 

needed within a safety standard to avert risks associated with harmful 

occurrences.  The risk profile notes the total risks and ranks these by their level of 

impact while also providing likelihood and severity values for the associated 

harmful occurrences. 

As Aven and others have noted, SDOs focus on the process of developing 

standards by utilizing expert knowledge (Aven et al, 2009).  However, this Praxis shows 

that utilizing additional risk considerations provides a complementary approach to 

ensuring that all relevant consumer product concerns are addressed.  This Praxis enables 

SDOs and standards experts with key inputs, hazard, and harmful occurrence data, 

needed to support the development of robust and technically driven safety standards.   

For example, the FMEA for microwaves identifies thermal hazards as the most severe 

hazard category based on the RPN value of 640 as described in Figure 4-9.  UL 923 did 

not begin addressing burns in children specifically of the scalding type until recent 

modifications to the standard were implemented in 2021.  Having data inputs from 

CPSC’s NEISS and the hazard classifications in the DST would have introduced 

additional risk factors related to thermal hazards and burns that would have informed 

SDO technical committees to address these areas within the safety standard.  While the 

decision to include specific tests and examinations to avert risk is at the discretion of the 

technical committee by way of the consensus process, having the data available to make 

informed decisions is provided by the DST’s Risk Report. 
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No additional statistical analysis was conducted as the hazard identification 

provided the probability assessment for hazard occurrence and consequence which is 

common in the consumer product safety industry.  The probability calculation itself is 

challenging to determine in this industry as the numerator is the number of chances and 

the denominator is the set of all possible outcomes which is unable to be determined until 

after the occurrence when looking at harmful occurrences.  This Research does provide 

SDOs with the exposure (i.e., the hazard itself) but without the denominator, it was 

determined that the analysis would utilize the case study approach. 
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Chapter 5: Discussion and Conclusions 

5.1 Discussion 

Safety standards are designed to mitigate the risks associated with the products 

that are covered by the standard.  While injuries and fatalities continue to occur, it is 

important for SDOs to find new approaches and tools that can address consumer product 

risks by identifying relevant safety hazards and associated harmful occurrences.  These 

approaches and tools should be complementary to required accreditation procedures and 

take into account the knowledge of the subject matter experts on the technical committee.  

This ensures that SDOs determine all relevant inputs when determining the content of the 

standard in order to address risks that contribute to injuries and fatalities.  (Aven, 2009) 

To introduce new approaches to development of standards, the following research 

questions and research hypotheses were investigated: 

• RQ1: What are the common safety hazards associated with consumer products? 

• RH1: Electrical, thermal, physical, and mechanical hazards are the most common 

safety hazards associated with consumer products. 

• RQ2: What are the most common harmful occurrences associated with the safety 

hazards for consumer products? 

• RH2: Electric shock, burns, falls, and fire-related injuries are the most common 

harmful occurrences associated with consumer products. 

• RQ3: Can a risk-based DST measure risk using hazard and harmful occurrence 

data to improve consumer product safety standards? 
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• RH3: A risk-based decision support tool will provide a semi-quantitative risk 

analysis using hazard and harmful occurrence data to improve consumer product 

safety standards by identifying product risk factors.  

The results from the retrospective analysis of the Clearinghouse data provided a 

list of common consumer product hazards and associated harmful occurrences that were 

used to analyze consumer product risks.  Electrical, mechanical, thermal, and physical 

hazards were all relevant hazards that were identified in the FMEA for each case study 

product and also present in the retrospective data from the 2020 Clearinghouse report as 

well as each case study report from NEISS.  This confirms H1 in that there are common 

hazards associated with consumer products.  The Clearinghouse report indicated that 

these hazards were associated with 17, 670 incident records.  These hazards were also 

found to be common in the NEISS report for each of the case study products.   Thermal 

burns, fire-related injuries and falls were all harmful occurrences that were also 

associated with the noted hazards from H1 and common across the Clearinghouse data 

and the case study products.  This confirms H2 as harmful occurrences are common 

across consumer products.  When identified, SDOs can address common hazards and 

harmful occurrences by way of the testing procedures within a standard.  For example, 

electrical hazards can be addressed through dielectric or leakage current testing that can 

prevent consumers from electric shock.   

The DST developed for this research approached risk mitigation for consumer 

product standards by analyzing the severity and likelihood of identified hazards.  The 

DST lists all relevant safety hazards and associated harmful occurrences and uses a risk 

matrix and risk report to provide semi-quantitative conclusions.  This confirms H3 as the 
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DST provided this semi-quantitative output regarding the severity and likelihood of the 

hazards and harmful occurrences.  This information allows SDOs to utilize their current 

process and technical experts to drive safety standard development using formalized risk 

management tool that takes into account product hazards that influence harmful 

occurrences.   

5.2 Conclusions 

This research sought to provide insights into consumer product safety trends by 

way of the hazards that contribute to harmful occurrences.  Understanding the root causes 

of consumer product injuries and fatalities by identifying common hazards was 

instrumental in developing the DST as a source for decision criteria  Existing processes 

rely on the accreditation process and the technical committees to make decisions about 

the content of a standard with no formal risk management process.  This research 

approach of identifying hazards and risk factors to manage consumer product related 

risks by using the DST meets Aven’s recommendation to add risk science methodologies 

into standards development.  As Aven notes, ensuring that SDOs have the necessary 

inputs to reduce harmful occurrences is needed when developing high-quality standards  

(Aven, 2009). 

The objectives of the research were met by way of the retrospective case study 

analysis and the development of the DST.  The case study approach provided the analysis 

needed to determine the relevant consumer product safety hazards and harmful 

occurrences using available data from the CPSC.  The DST risk profile can serve as a 

beneficial tool for SDOs to semi-quantitatively assess and prioritize the likelihood and 

severity of consumer product risks.   
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5.3 Contributions to Body of Knowledge  

 This Research contributes to the standards development boy of knowledge by 

developing a model for SDOs to use to specifically address risk in the development of 

safety standards by: 

1. Identifying common safety hazards and associated harmful occurrences 

through a retrospective analysis of consumer product data. 

2. Exploring how systems engineering tools including risk matrices and 

FMEA are useful for standards experts to analyze and prioritize risk 

factors. 

3. Utilizing risk science to build a decision support tool that complements 

and builds-upon existing SDO processes to produce quality safety 

standards that incorporate known risk. 

4. Providing insights through the DST that when utilized provide SDOs and 

engineering experts with decision criteria for developing quality safety 

standards that address known risk factors. 

5.4 Recommendations for Future Research 

While hazard and harmful occurrence data are important inputs for assessing risk, 

few data sources report this type of information outside of the consumer product field.  

Other safety organizations may continue to build these types of resources to explore 

product hazards outside of consumer products which would be helpful for SDOs to 

address risk in other types of standards, including environmental and software-related 

topics.   Additional inputs to the DST to support these areas would also be useful.   
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Surveying existing standards development technical committees would also help 

vet the tool in the development of future safety standards.  This type of surveying would 

allow SDO technical committees to utilize the DST in the development of new safety 

standards and provide insight into how the DST impacted the decision-making for the 

content of the standard.  To determine how complementary the tool is, the inputs from the 

technical committees would provide this perspective. 
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Appendix A 

Table A-1: 

2008 Microwave Data Summary from NEISS 

Year 2008 

Diagnosis 

Code 

Diagnosis Code 

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 137 Burn, scald 74.46% 

51 25 Burn, thermal 13.59% 

57 6 Fracture 3.26% 

71 9 Other 4.89% 

63 1 Puncture 0.54% 

46 0 Burns, Elect 0.00% 

47 0 Burns, not spec 0.00% 

73 0 Burns, radiation 0.00% 

65 5 Anoxia 2.72% 

52 0 Concussion 0.00% 

67 1 Electric Shock 0.54% 
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Table A-2: 

2009 Microwave Data Summary from NEISS 

Year 2009 

Diagnosis 

Code 

Diagnosis Code 

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 150 Burn, scald 67.26% 

49 1 Burn, Chemical 0.45% 

51 31 Burn, thermal 13.90% 

57 2 Fracture 0.90% 

64 17 Strain, Sprain 7.62% 

71 11 Other 4.93% 

63 1 Puncture 0.45% 

46 0 Burns, Elect 0.00% 

47 1 Burns, not spec 0.45% 

73 0 Burns, radiation 0.00% 

65 7 Anoxia 3.14% 

52 1 Concussion 0.45% 

54 0 Crushing 0.00% 

67 0 Electric Shock 0.00% 

68 1 Poisoning 0.45% 
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Table A-3: 

2010 Microwave Data Summary from NEISS 

Year 2010 

Diagnosis 

Code 

Diagnosis Code 

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 149 Burn, scald 0.42% 

49 1 Burn, Chemical 18.91% 

51 45 Burn, thermal 4.62% 

57 11 Fracture 5.88% 

64 14 Strain, Sprain 3.78% 

71 9 Other 0.00% 

63 0 Puncture 0.42% 

46 1 Burns, Elect 0.00% 

47 0 Burns, not spec 0.00% 

73 0 Burns, radiation 1.26% 

65 3 Anoxia 0.84% 

52 2 Concussion 0.00% 

54 0 Crushing 0.00% 

67 0 Electric Shock 1.26% 

68 3 Poisoning 0.42% 
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Table A-4: 

2011 Microwave Data Summary from NEISS 

Year 2011 

Diagnosis  

Code 

Diagnosis Code  

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 169 Burn, scald 0.00% 

49 0 Burn, Chemical 17.94% 

51 47 Burn, thermal 5.73% 

57 15 Fracture 4.96% 

64 13 Strain, Sprain 3.05% 

71 8 Other 0.00% 

63 0 Puncture 0.00% 

46 0 Burns, Elect 0.00% 

47 0 Burns, not spec 0.00% 

73 0 Burns, radiation 1.15% 

65 3 Anoxia 0.76% 

52 2 Concussion 0.38% 

54 1 Crushing 1.53% 

67 4 Electric Shock 0.00% 

68 0 Poisoning 0.00% 
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Table A-5: 

2012 Microwave Data Summary from NEISS 

Year 2012 

Diagnosis  

Code 

Diagnosis Code  

Count 

Diagnosis 

Description 

% of Total 

Incidents 

48 161 Burn, scald 63.64% 

49 1 Burn, Chemical 0.40% 

51 40 Burn, thermal 15.81% 

57 8 Fracture 3.16% 

64 11 Strain, Sprain 4.35% 

71 14 Other 5.53% 

63 0 Puncture 0.00% 

46 0 Burns, Elect 0.00% 

47 0 Burns, not spec 0.00% 

73 0 Burns, radiation 0.00% 

65 13 Anoxia 5.14% 

52 2 Concussion 0.79% 

54 0 Crushing 0.00% 

67 2 Electric Shock 0.79% 

68 1 Poisoning 0.40% 
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Table A-6: 

2016 Hoverboard Data Summary from NEISS 

Year: 2016 

Diagnosis Code 

Diagnosis 

Code Count Description 

% of Total 

Incidents 

51 1 Burn, Thermal 0% 

52 81 Concussion 4% 

53 292 Contusions, Abrasion 16% 

55 19 Dislocation 1% 

57 678 Fracture 37% 

59 131 Laceration 7% 

60 4 Dental Injury 0% 

62 138 Internal Injury 7% 

63 1 Puncture 0% 

64 335 Strain, Sprain 18% 

71 175 Other 9% 
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Table A-7: 

2017 Hoverboard Data Summary from NEISS 

Year: 2017 

Diagnosis 

Code 

Diagnosis 

Code Count Diagnosis Description 

% of Total 

Incidents 

52 14 Concussion 4% 

53 66 Contusions, Abrasion 18% 

55 1 Dislocation 0% 

57 141 Fracture 38% 

59 22 Laceration 6% 

60 1 Dental Injury 0% 

62 26 Internal Injury 7% 

63 1 Puncture 0% 

64 60 Strain, Sprain 16% 

67 1 Electric Shock 0% 

71 38 Other 10% 
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Table A-8: 

2018 Hoverboard Data Summary from NEISS 

Year: 2018 

Diagnosis 

Code 

Diagnosis 

Code Count 

Diagnosis 

Description 

% of Total 

Incidents 

50 1 Amputation 0% 

51 1 Burn, Thermal 0% 

52 17 Concussion 4% 

53 70 

Contusions, 

Abrasion 18% 

57 156 Fracture 39% 

59 30 Laceration 8% 

60 3 Dental Injury 1% 

62 30 Internal Injury 8% 

63 1 Puncture 0% 

64 51 Strain, Sprain 13% 

71 40 Other 10% 
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Table A-9: 

2019 Hoverboard Data Summary from NEISS 

Year: 2019 

Diagnosis 

Code 

Diagnosis  

Code Count Diagnosis Description 

% of Total 

Incidents 

52 21 Concussion 6% 

53 75 Contusions, Abrasion 20% 

57 130 Fracture 35% 

59 35 Laceration 9% 

60 3 Dental Injury 1% 

62 37 Internal Injury 10% 

64 36 Strain, Sprain 10% 

67 1 Electric Shock 0% 

71 35 Other 9% 
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Table A-10: 

2020 Hoverboard Data Summary from NEISS 

Year: 2020 

Diagnosis 

Code 

Diagnosis  

Code Count 

Diagnosis 

Description 

% of Total 

Incidents 

52 18 Concussion 6% 

53 32 

Contusions, 

Abrasion 11% 

54 1 Crushing 0% 

55 2 Dislocation 1% 

57 148 Fracture 49% 

59 18 Laceration 6% 

60 4 Dental Injury 1% 

62 19 Internal Injury 6% 

64 25 Strain, Sprain 8% 

71 34 Other 11% 
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Figure A-1: 

CPSC NEISS Body Part Diagram 
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Figure A-2:  

Failure Model and Effect Analysis (FMEA) 

 

 

Figure A-3: 

Hairdryer Diagram Showing 1981-2001 Incident Breakdown: 
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Figure A-4:  

UL Standards Development Process
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