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Abstract: According to a 2006 Bureau of Labor Statistics (BLS) report, approximately 90% of construction companies 

employ 20 or fewer workers; of these, 30% specialize in residential construction. Contractors with 10 or fewer employees 

are exempt from OSHA reporting requirements, unless a fatality occurs or an injury/illness leads to lost workdays for 

three or more employees (29 CFR 1904.1, Subpart B). This qualitative case study was conducted to understand character-

istics and work patterns to develop a clearer understanding of the natural context of work, especially given the underre-

porting of safety information by small construction companies. A prospective study was conducted in which construction 

workers logged critical incidents for four weeks. Definitions and examples of critical incidents were given to workers, 

along with a data logging notebook with structured questions. Workers could report the events immediately upon occur-

rence or after the workday ended. A total of 102 critical incidents were reported. Content (axial coding) and cluster analy-

ses were used to analyze the logs and to extract important descriptors and patterns. Results were used to characterize in-

jury types, antecedents, time-of-day, and family-work involvement. Descriptions regarding the training-, resource-, and 

planning-related practices of small construction workers focused on the unique challenges that impose barriers and con-

straints on safety climate.  
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1. INTRODUCTION 

 Small contractors present a significant challenge to occu-
pational health and safety. Due to their size, limited re-
sources, and unique stressors related to work-family conflict 
and transient workers, this portion of the construction indus-
try is difficult to monitor and, at times, exempt from certain 
Occupational Safety and Health Administration (OSHA) 
regulations. In the USA, 90% of all construction companies 
employed fewer than 20 workers. Of those, 65% employed 5 
or fewer workers [1]. OSHA requires companies with fewer 
than 11 workers to participate in reporting or monitoring of 
injuries only if there is a fatality, or if a single accident leads 
to injury of three or more workers plus lost workdays (29 
CFR 1904.1, Subpart B). Thus, these companies operate be-
low the awareness of most of the spectrum of safety and 
health regulators and researchers. Research substantiates the 
association between company size and safety performance 
[2]. Small construction companies had more safety problems 
compared to larger construction companies, while manage-
ment and employee commitments also trended lower com-
pared to larger construction companies. 
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  A similar problem exists internationally and seemingly 
on a much larger scale. Most construction companies outside 
of the USA are considered informal, having little formal 
structure and organization, but providing very important con-
tributions to the overall economies of developing countries 
[3]. Likewise, the smaller companies are more likely to hire 
migrant workers, some of which are undocumented [4]. For 
example, in the USA, a large proportion of workers from 
Mexico and Central America are employed in the agriculture 
and small construction companies, both of which have a dis-
proportionate amount of fatalities compared to all other oc-
cupational sectors [5]. In Taiwan, Filipino migrant workers, 
who are concentrated in small construction and agricultural 
companies, experience a significant number of illnesses re-
lated to exposures to toxic substances [3]. In Tanzania, mi-
grants from surrounding countries show the same pattern [3], 
as well as workers from countries such as India, Turkey, 
Pakistan, and Bangladesh. This phenomenon alone supports 
the urgent need to conduct comprehensive safety and health 
research that targets smaller companies. 

1.1. Safety Challenges for Small Construction Contrac-
tors 

 Small contractors tend to inherit the problems that were 
not resolved in the earlier construction planning stages. The 
early work done by designers, planners, and larger contrac-
tors make it difficult for small contractors to provide inputs 



40    The Open Occupational Health & Safety Journal, 2011, Volume 3 Smith-Jackson et al. 

to ensure contract obligations are more compatible with their 
resource constraints and capabilities (i.e., scheduling). Gar-
ber [6] describes the shifting of liability and risk to small 
contractors and subcontractors as the “construction food 
chain”, which refers to the transfer of risk from larger con-
tractors to smaller contractors and to subcontractors. Similar 
to the common system development cycle problems, early 
planning, conceptual design, and development work that 
does not conform well to safety and health objectives make it 
difficult for downstream developers (such as the product 
designers and evaluators) to make the final product safe and 
usable.  

 As an example, 47 subcontractors were surveyed to  
determine risks associated with the role of subcontracting 
[7]. Three work groups were sampled; mechanical (e.g., ven-
tilation, fire protection), licensed (e.g., plumbing, electrical), 
and ordinary (e.g., semi-skilled or unskilled trades). Several 
factors were identified that subcontractors associated with 
increased risk of injuries. For example, subcontractors re-
ported that contracts contain requirements and conditions 
that are unfavorable in terms of time extensions and pay-
ment. About 66% of the subcontractors perceived subcon-
tract conditions to be unfair, and the smaller the subcontrac-
tor the stronger the perception that contract terms and condi-
tions interfered with safety. Work design to adapt to these 
constraints places workers at a higher risk of injuries or fa-
talities.  

 Mayhew and Quinlan [8] also found a similar perception 
in Australia and the United Kingdom. After conducting lon-
gitudinal surveys over a 5-year period, researchers found a 
strong link between self-employed builders and chronic in-
jury. This study also identified a pattern of transfer of both 
financial and health and safety risks from larger contractors 
and subcontractors to smaller subcontractors. Four key fac-
tors were identified that explain the relationship between 
health and safety risks and outsourcing. These were: (1) 
Economic/reward pressure; (2) Disorganization; (3) Dimin-
ished regulation; and (4) Inability of outsourced labor to or-
ganize. 

 Unlike larger contractors, small contractors do not have 
many resources to mitigate the hazards they encounter in 
construction. They face additional stressors not found in the 
larger construction entities. These additional stressors in-
clude organizational design, challenges to participation in 
business development, and work family conflict. Small con-
tractors do not establish formalized operations, typically. 
Logically, their small size may not always require a formal-
ized work system to support role assignments and communi-
cation chains. So, small contractors function without formal 
policies and procedures, although some values and climate 
factors may be implicit. There are often unspoken expecta-
tions for workers’ behaviors and practices.  

 Unfortunately, the expectations are self-developed, and 
are often not learned from best practices gained through 
business development and networking. Small contractors are 
less likely to collaborate with similar contractors, and are 
reluctant to share best practices or other helpful information 
[9]. Moreover, these businesses resist participating in strate-
gic business networks unless there is a direct positive benefit 
to the bottom line [10]. Although some family-owned firms 
enjoy the benefits of family ties in the workplace, these firms 

tend to be overcome by work and family conflict [11, 12], 
which increases the risks of hazard exposure.  

 Nonetheless, construction businesses are the most favor-
able to self-employment ventures [1] when compared to 
other industry types, including agriculture and service indus-
tries. Benefits include higher job satisfaction compared to 
medium and large contractors [13], and workers have a more 
positive view of the supportiveness of supervisors compared 
to larger contractors, and perceive their work environments 
are flexible, innovative, and family-oriented [14-16]. 

1.2. Safety Culture 

 Safety culture and safety climate are difficult to assess in 
small organizations. The lack of knowledge about safety 
culture in relatively informal work systems is a major im-
pediment to the development of prevention and control 
measures that target this population of workers who are 
over-represented in the injury and fatality data. Safety cul-
ture affects workers’ attitudes and behaviors [17]. A holistic 
view of the organization is essential to implementing effec-
tive prevention and control measures. Without an under-
standing of safety culture, it is difficult to determine which 
prevention and control measures are absent or ineffective, 
and which areas of performance require more attention (i.e., 

training). In contrast, safety climate of informal work sys-
tems may be easier to assess. In a comprehensive literature 
review by Wiegmann, Zhang, von Thaden, Sharma, and 
Mitchell [18], safety climate was often described as a surface 
feature of the more abstract safety culture. The consensus 
view describes safety climate as “a temporal phenomenon, a 
snap shot of safety culture that is relatively unstable and sub-
ject to change (p. 8).” These snap shots may take the form of 
critical incidents, which reflect temporary states that, as a 
whole, may be used to draw inferences about safety culture. 
One goal of this study was to identify critical incidents elic-
ited by the safety climate and decompose them into specific 

attributes that may, in the long term, serve as a surface-level 
description of safety culture in small, informal construction 
work systems. While workers from different businesses par-
ticipated in the study, it was our goal to examine safety cli-
mate at the individual level and not at the group level. Criti-
cal incidents serve as a mechanism to identify in situ events 
that provide a snap shot of the organization.  

1.3. Relevance of the Critical Incident Technique 

 The Critical Incident Technique (CIT) is a useful method 
to acquire experienced-based information about environ-
ments such as construction work systems. The CIT was first 
developed by Flanagan [19] for use in aviation and combat 

leadership. Flanagan defined the method broadly as a “set of 

procedures for collecting direct observations of human be-

havior in such a way as to facilitate their potential useful-

ness in solving practical problems…. (p.1).” The method 
supports real-time observation of events and the use of de-
scriptions of the events to develop an understanding of sys-
tem-critical features that require further attention in terms of 
design or evaluation. Participants simply tell a story or de-
scribe an event. Critical incident data provide a number of 
opportunities to gain a comprehensive understanding of the 
context of a work system and the worker’s experience.  
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 Up to this point, the extant literature shows no empirical 
research on the application of the CIT to understand con-
struction work systems, with the exception of De Saram, 
Ahmed, and Anson [20]. De Saram et al. used the CIT to 
assess the quality of project managers’ coordination of con-
struction projects. The primary goal was to determine 
whether the CIT was a useful method to measure construc-
tion coordination quality. Participants were interviewed and 
scenarios were used to elicit CI reports. Thirty-six CIs were 
collected from 21 project managers. These incidents were 
then categorized into a meaningful hierarchical taxonomy. 
The results were then interpreted and researchers were able 
to identify directly observable (explicit) factors related to 
quality, and were able to draw inferences to identify implicit 
factors. De Saram et al. highlighted the advantages and rele-
vance of the CIT in construction work systems. These advan-
tages included support for the identification of input, proc-
ess, and outcome concepts; ease of application to multiple 
stakeholders; extraction of constructs that reflect the infor-
mal and intangible aspects of work systems; and generation 
of results that can be used immediately to improve the sys-
tem.  

1.4. Purpose of the Study 

 This study used a prospective case study approach to 
acquire self-reported critical incidents from workers in small 
construction companies. The prospective approach was  
selected to minimize confounds associated with memory and 
recall. The primary purpose was to explore the small con-
struction work context based on the self-reported critical 
incidents of workers. Two main objectives were pursued: 

1. To understand the types of CIs occurring in small 
construction subcontracting. 

2. To describe patterns of CIs emerging from character-
istics of the work context (e.g. time of day). 

 A qualitative approach was used, because the purpose of 
the study was to illuminate and describe what is happening 
in the natural construction work environment and not to test 
pre-set hypotheses. In qualitative studies, the goal is to ex-
plore complex psychosocial phenomena such as behaviors 
and attitudes in the natural context rather than isolating and 
reducing phenomena to smaller, measurable elements [21]. 

2. METHOD 

2.1. Participants 

 Although the initial sample consisted of 16 participants, 
two cases were dropped due to missing data. The two par-
ticipants with missing data were unable to complete the 
study because they resigned from their companies and relo-
cated. Since we used follow-up phone calls to corroborate 
the reports, this step could not be done because the two par-
ticipants could not be reached. Thus, a total of 14 workers 
from 8 different companies comprised the sample; 2 females 
and 12males. The construction occupations and trades repre-
sented were supervisor/foreman, carpentry, roofing, flooring, 
transportation, and ‘general’, which described workers who 
did not specialize in a particular job. The median age was 36 
(range = 19 years to 51 years). Company sizes ranged from 5 
to 20 employees, with a median of 5 employees. The median 
number of years with the current company was 6.  

2.2. Questionnaires 

Demographics and Safety Climate 

 A short demographic questionnaire was administered to 
each participant to elicit information about age, trade, and 
company size. The questionnaire contained three additional 
items to assess safety climate. As stated, our goal was to 
minimize participants’ time to complete initial question-
naires and CI logs due to the time constraints and other pres-
sures characteristic of small construction companies. Two 
constructs were selected and scaled using a 1 – 10 rating – 
job satisfaction and perceived vulnerability. Job satisfaction 
was assessed using the question “How satisfied are you in 
your current job?” Perceived vulnerability was assessed us-
ing the question “How much control do you feel you have 
over what happens to your safety on the job?” [see 18, 22, 
23]. A third item elicited the number of accidents the worker 
had experienced while working in construction. 

Critical Incident Reporting 

 A critical incident log was developed and provided to 
participants in a notebook. Critical incidents were defined as: 
“…any event that is believed to be a significant indication of 
a system problem, in your case, a safety or health related 
problem.”We further defined a CI a second time using less 
technical language as: 

“…any event, minor or major, where there is a potential risk 
of injury. A slip, minor cut, loss of balance, fall, or anything 
that can lead to one of these events can all be considered as 
critical incidents.” 

 The log design was based on Flanagan’s requirements for 
valid collection of CI data. For example, according to Flana-
gan, a scenario or definition should be provided during the 
familiarization session before participants begin logging 
data. In addition, questions should only elicit the situations 
observed and the effects of the situations on the constructs of 
interest (i.e., safety). The questionnaire should encourage the 
participants to record the events as soon as possible, and 
participants should be given instructions on how to enhance 
the accuracy of recall if the CI could not be recorded imme-
diately. The logs also included a list of structured questions 
to answer when a critical incident occurred. The order of the 
questions supported a cued recall structure that elicited in-
formation in a deductive process (from general to specific). 
A second level of structure was imposed that included an 
extended clarification of each question. This second level 
was used to facilitate consistency in interpretation across 
workers, while preventing bias among the workers by over-
clarifying. Table 1 contains the questions, the second-level 
clarifiers, and the expected variable outcomes for each. 

2.3. Procedure 

 The study design was naturalistic and used the self-report 
method to acquire CIs occurring in the work context (con-
struction work sites). Participants were recruited using con-
tacts in the Center for Innovation in Construction Safety and 
Health Research (CICSHR) as well as advertisements and 
word of mouth. Purposeful sampling with minimum varia-
tion [24] was used to select participants, using the following 
criteria to select a relatively homogeneous sample in terms 
of business size and stability.  
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1. Worked in a family-owned construction business with 
at least 5 and no more than 20 employees. 

2. At least 18 years of age. 

3. Reachable using a residential phone number. 

4. Able to read and write (self-selection will occur, since 
the advertisements will highlight the requirement of 
keeping a log). 

5. Had at least 1 year of work experience with a family-
owned construction business. 

6. Located in either Virginia or North Carolina. 

7. Business must have operated continuously for a 
minimum of 5 years. 

8. Had to be related to the owner/manager or supervisor 
in a small construction business (or the actual 
owner/manager may be a participant, but must be re-
lated to at least one other employee). This criterion 
was an attempt to ensure the sample represented the 
real-world attributes of small construction companies. 

9. Willing to attend a training session held in a location 
of the worker’s choosing. 

10. Willing to participate in the study for one full month. 

11. Able to commit to maintaining confidentiality of the 
study for the full length of the logging session (28-30 
days). 

 Once workers contacted our researchers, an appointment 
was arranged to discuss the details of the project, and discuss 
the meaning of a CI. Informed consent was acquired verbally 
over the phone, followed by a written document sent through 
the U.S. postal service. The demographic questionnaire was 
also completed at that time. 

 Four logs were given to each worker, and a participant 
number was recorded on each log. The logs were mailed in a 
return, self-addressed stamped envelope provided to each 
worker. Logs were mailed at the end of each 7-8 day period. 
The mailing schedules were different for each worker based 
upon their beginning date. The reporting logs were designed 
to hold up to 70 critical incidents.  

 Once the informed consent document was signed and 
returned, the notebook was mailed to the worker followed by 
a phone call to verify receipt. Although one of the inclusion 
criteria was a willingness to meet at a convenient location, 
workers were given the option to complete their familiariza-
tion session over the phone for their own convenience. Some 
of the factors that led to the elimination of this criterion in-
cluded workers’ difficulties with scheduling due to long 
work hours, having two jobs, and family demands. Addi-
tional instructions were given over the phone, namely a re-
view of the definition and suggested methods to report the 
incidents. Workers were asked to report each critical incident 
in a discrete manner and were encouraged to record the inci-
dent as soon as possible after the occurrence. Follow-up calls 
were made to each worker during the reporting period to 

Table 1. Description of CI Log Components (in Order) 

Question Second-level Clarifier Expected Data Outcome 

When did the critical incident happen? (Ap-

proximate time or hour) 

You do not have to try to remember the exact time the CI 

occurred. An approximate time will suffice (morning, 

afternoon, evening). Also, weather conditions can be help-

ful (sunny, cloudy, raining, foggy, hot, cold). 

Time of day patterns 

Where did the critical incident happen? Was the CI away from the job site, on the job site, above 

ground level (on a ladder), in an enclosed area? 

On-site location patterns/context 

Describe what happened. From what you experienced, explain what events occurred 

that led to the CI? 

Event sequence 

Describe the task that was being performed. What were you or the workers doing at the time the CI 

occurred? Try to be as specific as possible. 

Task and activity types* 

Were any family members or friends working 

with you involved in this incident? If yes, 

please explain your relationship with the peo-

ple involved and their role in the incident. 

Were you working with any family members or friends 

when the CI happened? If yes, please mention your rela-

tionship with the people involved. What was their in-

volvement in the work activity during the incident? If no, 

please mention that you were working alone. 

Interpersonal involvement and influence  

(family-work conflict) 

What are some safety and health problems you 

see as a result of the critical incident? 

What is the extent of harm caused by this CI? Please ex-

plain any possible health risks associated with this CI. (Ex. 

I inhaled a lot of toxins while painting that could cause 

breathing problems.) 

Safety and health consequences (injury 

types)* 

What other factors were involved in causing 

the critical incident? 

Are there any other factors you have not mentioned? (Ex: 

Worker involved is having trouble at home, or is under a 

lot of stress). 

Proximal factors or antecedents* 

What are some suggestions you have for pre-

vention of similar incidents in the future? 

Is there any way the task could be made safer or is there a 

way to decrease the chance that a similar CI will happen? 

Prevention recommendations 

*Included in subsequent cluster analysis. 
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remind them to log data and to ensure they returned the 
notebooks at the end of the reporting period. Workers re-
ported critical incidents for four weeks, and were compen-
sated $150 upon completion of the four-week study. 

2.4. Data Analysis 

 Phone calls were used to corroborate all reports provided 
by each participant [21, 25]. Two methods were used to ana-
lyze the data and were aligned with the aforementioned ob-
jectives. Content analysis was used to extract characteristics 
of critical incidents. Cluster analysis was used to identify 
emergent patterns based upon worker characteristics, the 
work context, and types of CIs. 

 CI logs were typed into a text document as they were 
submitted. Logs were then content-analyzed by using the 
axial coding method. Preset codes were derived from the 
structured questions. For example, codes such as time of day 
and location of incident were recorded by frequency of oc-
currence, which could then serve as a weighting factor in 
subsequent analyses. Two independent coders with experi-
ence in content analysis methods analyzed the CI log con-
tent. Coders were given the definitions of the preset codes. 
When the training session was completed, the coders ana-
lyzed the logs independently. When this step was completed, 
coders met to compare the codes and reach a consensus on 
conflicting interpretations. Exact agreement was not difficult 
to achieve because the incident log was designed to elicit 
responses in a structured way. For example, codes such as 
time of day, type of task, or location where the incident hap-
pened were clearly articulated by participants. The main ar-
eas of disagreement related to incidents that could not be 
categorized easily. Those incidents were resolved by placing 
them in the category of “other”.  

 Cluster analysis is an appropriate method to identify pat-
terns or profiles in exploratory data, especially when data 
mining is needed for data sets that vary by data types and 
numbers of observations for each element. The method is 
ideal for data types that include nominal/categorical data. In 
addition to its validity in identifying patterns within recorded 
data, the sample sizes used in cluster analysis do not need to 
conform to the assumptions associated with the Central 
Limit Theorem; thus there is no rule of thumb for sample 
size.  

 SAS
TM 9.2 was used to identify patterns within different 

attributes of the CIs using Proc Cluster. Cluster analysis is 
useful in identifying observations that form a pattern based 
on a matrix formed from the raw data set. Themes using con-
tent analysis were developed by an independent coder who 
assigned themes and frequencies to the CI variables, specifi-
cally the injury types, results of the CI, tasks performed rele-
vant to the CI, and prevention recommendations. These vari-
ables served as the raw data to calculate the distance matrix. 
Although there is no established rule of thumb for sample 
size when using cluster analysis, we chose to be cautious in 
the choice of algorithms for this data set because of the small 
sample size. For these reasons, a monothetic hierarchical 
clustering method was used based on the single linkage near-
est neighbor method, which also required the use of a small 
number of clusters (K) and the k-means method for the 
distance calculations. The monothetic method supports clus-
tering based on one attribute in order to assess simple pat-

terns in the data [24]; thus one variable is considered in indi-
vidual steps.  

3. RESULTS 

3.1. Characteristics of CIs 

 A total of 102 critical incidents were identified and the 
raw data are summarized here. Forty-seven percent (47%) of 
the critical incidents resulted in minor injuries. Note that 
workers did not always complete the entire list of questions 
when logging each critical incident, and workers responded 
to some questions with more than one response. In some 
cases, workers would skip a day as well as give more than 
one response for some of the questions in the log. For exam-
ple, some workers attributed several factors as causes of a 
single accident.  

Location of Critical Incidents 

 Almost all of the CIs occurred on the job site (98; 3 were 
unreported). One critical incident occurred when a worker 
was traveling between job sites to deliver materials.  

Time of Day 

 Many critical incidents were reported between 9 and 11 
am and 2 and 4 pm (Fig. 1). 

 

 

 

 

 

 

 

 

Fig. (1). Critical incidents reported by time of day. 

 

Critical Incident Types 

 Trips and falls were the most frequently-reported critical 
incidents, followed by puncture and laceration injuries usu-
ally involving the use of tools. The “other” category con-
sisted of exposure to harmful chemicals, electric shocks, and 
getting snagged on protruding objects (Fig. 2). Eighty-one 
different tasks were being performed when the critical inci-
dents occurred. The most common tasks were tool usage 
(31%), working from heights (27%), and lifting/carrying 
loads (17%). 

Causes of Critical Incidents (Attributions) and Workers’ 

Prevention Recommendations 

 Workers were asked to identify the causes or contributors 
(Fig. 3). The “other” category consisted of medical prob-
lems, clutter, outdated or malfunctioning equipment, and 
improper clothing/jewelry. 

 Prevention recommendations were also elicited (Fig. 4). 
The most common suggestions were to wear the proper per-
sonal protective equipment (PPE) and attention and aware-
ness of surroundings.  
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Fig. (2). Critical incidents categorized by type. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Workers’ attributions of the contributors to critical inci-

dents. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Workers’ recommendations for prevention. 

 

Family-Work Conflict 

 A focus on small construction companies provided the 
opportunity to examine family-work conflict, since many 
small companies employ family members and friends or  
acquaintances. Workers were asked to indicate whether a 
task-related CI was related to the behavior of a friend or  
family member who was present at the time the CI occurred. 
Twenty percent (20%) of the CIs involved family and/or 
friends.  

Safety Climate Construct Correlations 

 Spearman-rho correlations were conducted on the three 
safety climate indicators (ratings); perceived vulnerability, 
number of accidents in the past year, and job satisfaction. 
Perceived vulnerability (likelihood of injury) was positively 
correlated with the number of accidents reported in the past 

year, rs (12) = .60, p< .05. Workers reporting a higher num-
ber of past accidents tended to report a higher likelihood that 
they would be injured on the job. No other significant corre-
lations were identified. 

3.2. Clusters of CIs 

 The interpretation of clusters was based on the use of the 
minimum agglomerative distance, the pseudoFstatistic, and 
the pseudot

2. Minimum agglomerative distance algorithms 
combine individual items into larger categories until all 
items have been categorized. The pseudoF and pseudot

2 sta-
tistics provide a numerical description of the tightness or 
distinctiveness of the clusters. Our goal was to identify the 

smallest reliable cluster solution to provide a preliminary 
description of the data obtained from the CI logs. A smaller 
agglomerative distance indicates a stronger cluster solution 
based upon minimal distance between observations. The 
variable “injury type” was used in the first cluster analysis. 
The cluster results for injury type are shown in Table 2. Al-
though an initial eight-cluster solution could be supported, a 
six-cluster solution was more strongly supported by the 
combination of the statistics. The minimum agglomerative 
distance for the six-cluster solution was .13 compared to 
other minimal distances ranging from .25 to .76. The pseu-

doF value for the six-cluster solution was 1480 compared to 

the remaining pseudoF values ranging from 16.2 to 220. The 
pseudot

2 value was 116 compared to a remaining range of 
10.2 to 58.8. Table 2 summarizes the clusters for the six-
cluster solution. 

 Workers also recorded other factors or conditions they 
believed contributed to the critical incident. These factors 
were labeled as “antecedents” and entered as a variable in 
the cluster algorithm. The same method of thematic assign-
ment was applied by the independent coder. Based on the 
cluster analysis results, a five-cluster solution was retained. 
The minimum agglomerative distance of .16 (range = .16 to 
.94), a pseudoF value of 44.00 (range = 8.8 to 248), and a 
pseudot

2 value of 16.2 (range = 8.8 to 13.6). Although the 
pseudoF was not the highest value selected, the selection 

was based upon agreement with the pseudot
2 values and the 

agglomerative distances for the five-cluster solution. Table 3 
summarizes the elements of each cluster and an interpreta-
tion based on similarity. 

 To determine the types of task patterns that were occur-
ring during the reported CIs, we conducted another cluster 
analysis using “task type” as the variable. The most reliable 
solution consisted of five clusters, with agglomerative mini-
mal distance of .29 (range = .10 - .78), pseudoF statistic of 
104 (range = 54.6 to 563), and pseudot

2 statistic of 26.7 
(range = 5 – 54.6). In this case, we gave priority to the sim-
plest solution values to make the cluster selection. Table 4 
summarizes the elements of each cluster and an interpreta-
tion based on similarity. 
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Table 2. Six-Cluster Solution Describing Patterns of Injury Sources 

Cluster number Types of Injury Sources Label 

1 Machine damage, combustion exposure/engine fumes, weather 

exposure, inhalation of particles, shock 

Failure to control near-environment hazards. 

2 Cluster 1 plus chemical exposure See cluster 1** 

3 Vehicle-related injuries, chemical exposure, crushing of body parts, 

machine damage, combustion exposure/engine fumes  

Injuries related to operation of machine hazards or outputs 

from machines. 

4 Cluster 3 plus unspecified injuries* See cluster 3** 

5 Shock, snagged clothing, unspecified, crushing of body parts, ob-

jects in eye, struck by, puncture/laceration 

Injuries related to distraction or improper techniques. 

6 Chemical exposure, objects in eye, struck by, puncture/laceration, 

trip/fall 

See cluster 5** 

*Unspecified injuries consisted of log entries reporting that an injury occurred but not the type of injury. **The cluster includes the previous clustered items PLUS the additional 
items shown in column 2 of the table. 

 

Table 3. Fiveclusters Describing Patternsof Antecedents* 

Cluster number Antecedents* Profile Label 

1 Distraction by others, poor visibility, trip/fall hazards, weather, work environment Safety Climate 

2 Clutter, improper techniques, poor visibility, trip/fall hazards Safety Climate 

3 Low situation awareness, time constraints Stress  

4 Faulty equipment, weather Resources 

5 Lack of safety gear, low situation awareness, weather Resources and safety climate 

*Medical conditions and faulty/outdated equipment distances were outliers, thus were not included in the cluster solutions. 

 

Table 4. Five-Clusters Describing Patterns of Tasks 

Cluster number Task Groupings Label 

1 Working from heights, tool usage Roofing tasks 

2 
Cleaning, concrete demolition, disengaging machines, vehicle fueling, chemi-

cal handling 
Machine operation and maintenance 

3 
Disengaging machines, machine/vehicle usage, chemical handling PLUS clus-

ter 2* 
See cluster 2 

4 
Cleaning, concrete demolition, disengaging machines, vehicle fueling, chemi-

cal handling 
Maintenance, shut down 

5 Lifting/carrying, chemical handling, tool usage Material handling, tools 

*The cluster includes the previous clustered items PLUS the additional items shown in column 2 of the table. 

4. DISCUSSION AND CONCLUSIONS 

 The first objective of this study was to understand the 
types of CIs that occur within small construction companies. 
The CI logs provided a rich data set to conduct analyses that 
provide a level of examination that is not characteristic of 
studies of small construction companies. Likewise, the inci-
dents collected in this prospective study provide descriptions 
of the events occurring within the ecology or naturalistic 
setting of small construction companies. Descriptive data 
specific to the on-site challenges of small construction com-

panies and patterns that characterize the work environment 
have not been a focus of empirical research. This study at-
tempted to provide a more detailed snapshot of the small 
construction work system from the perspective of workers 
when experiencing CIs, rather than external observers. Trips 
and falls as well as struck-by and crushed-by injuries were 
among the highest incident categories, which is consistent 
with the BLS injury and fatality rankings [1]. This consis-
tency between the critical incidents and national data on fa-
talities is a preliminary indication of the usefulness of critical 
incident reporting, since critical incidents can be used as 
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early warning signs of potentially more severe events and 
consequences. 

 We were also able to acquire anecdotal reports on work-
ers’ perceptions of contributors to CIs. Based on the inci-
dents reported here; lack of PPE was mentioned frequently 
as a cause of specific incidents. Access to PPE is a common 
complaint among workers in small companies in both con-
struction and agriculture [e.g., 26, 27]. Thus, targeted inter-
ventions that focus on low-cost yet effective PPE and dem-
onstrations of the returns-on-investment in terms of safety 
and lost work days would be of benefit to small contractors. 
The prevalence of contributors such as weather conditions, 
distraction, and time pressure is consistent with several prior 
studies that characterized the barriers to hazard prevention 
and control within small construction contractors [9, 15, 28]. 
Small contractors tend to work under conditions of time 
pressure and task overload. These task pressures are further 
extended when the work must continue in spite of weather 
conditions in an attempt to use a small work system to keep 
up with contract demands and avoid late penalties. 

 A second objective of the study was to explore behav-
ioral patterns of small construction companies that can be 
used to support future studies in terms of variable selection, 
questionnaire development, and observational studies. The 
patterns may also be useful in creating 2- and 3-dimensional 
taxonomies to support planning and resource allocations in 
construction safety projects for subcontractors. In terms of 
injury types, two important clusters were related to lack of 
hazard control methods associated with working in the near-
environment, problems with machine operation, and worker 
distraction. These types of injuries relate to the need to use 
administrative controls such as training and work policies. 
However, the use of training and establishing formal work 
policies are not common practices among small, informal 
companies due to time and human resource constraints. In a 
sample of 818 firms, Kotey&Folker [29] found significant 
main effects of company size on the use of informal training 
vs. formal training. Not surprisingly, smaller companies 
were less likely to use formal training methods. Informal 
training may be just as effective; however more scientific 
studies have focused on effectiveness of certain formal train-
ing methods. Unfortunately small business owners do not 
tend to participate in train-the-trainer opportunities unless 
there is a direct positive benefit [10].  

 The patterns of antecedents overlapped due to similarities 
between clusters. For example, many of the clusters were 
associated with safety climate such as working under condi-
tions of clutter, extreme weather, and low visibility. These 
antecedents can be prevented by safety climate enhance-
ments such as contingency planning to address poor working 
conditions and safety meetings to communicate the need for 
caution due to work conditions. In addition, limited re-
sources in terms of equipment as well as time and human 
resources seemed to indicate the presence of stress as an an-
tecedent to critical incidents. 

 A brief safety climate measure using job satisfaction, 
perceived vulnerability (likelihood of injury), and number of 
accidents experienced in the past year showed no significant 
associations with the exception of perceived vulnerability 
and accidents. Workers who had more accidents were more 
likely to rate their perceptions of likelihood of having an 

accident in the future higher as well. This finding has impli-
cations for future studies. Although no cause and effect can 
be concluded, the results may indicate that workers with 
more accidents could begin to believe accidents are more 
likely to occur in the future. Whether this leads to more care-
ful behavior or more stress (and thus accidents), studies on 
attitude changes after accidents are important to pursue in 
future studies. 

 The cluster analysis results for the task or work patterns 
were not as clearly defined. In spite of the five-cluster solu-
tion, the predominant tasks performed when CIs occurred 
could be summarized into three patterns; roofing tasks, mate-
rial handling, and machine operation and maintenance. These 
results may be helpful to prioritize training programs, and 
may alert foremen and supervisors to provide more oversight 
during performance of these tasks. Foreknowledge of the 
most hazardous tasks can support efficient functioning dur-
ing a building project even when challenged by limited time 
and resources. 

 Although a useful number of CIs were acquired (102) 
from 14 workers, this amount is likely an underestimation of 
the actual number occurring during the observation period. 
Yet, the sample was large enough to document some of the 
problems that occur in small construction contexts. The goal 
of qualitative research methods is to achieve transferability 
[30], which is determined by the usefulness of the results as 
determined by other researchers examining the same con-
struction situation or context.  

 Some of the limitations of the study were related to the 
use of critical incident logging, which was somewhat oner-
ous to participants and thus had the potential to impact the 
reliability and validity of the information. While workers 
accepted the method and found it to be efficient, some re-
ported experiencing problems recalling incidents if several 
occurred in the same day. The critical incident technique 
embedded within this context showed several of the same 
advantages and disadvantages found in Flanagan’s method. 
Reporting of critical incidents soon after they occurred re-
sulted in data that is less confounded by memory compared 
to the use of retrospective interview or questionnaire meth-
ods. In addition, critical incident reporting provides a de-
scriptive log that is directly reported by the worker within 
their natural environment, which reduces the likelihood of 
diminished validity due to the use of artificial measurement 
instruments. We modified the technique by eliminating the 
direct observation component and relying only on workers’ 
self-reported observations. This lower intrusiveness by the 
researcher minimizes demand effects. Direct observation is 
time-consuming and expensive, so tradeoffs were made 
based on the limited resources available to both the research-
ers and the participants. Use of the logging approach also 
provides the same advantage as that found in the narrative 
inquiry approach, such as allowing workers to report infor-
mation in their own words using an anecdotal or storytelling 
voice rather than a formalized report that may interfere with 
how workers organize their memories around specific events 
or occurrences [31]. However, disadvantages or limitations 
are still a challenge to the collection of data for critical inci-
dents. For example, workers need to be reminded to record 
incidents over the entire logging interval. This can be chal-
lenging to workers who have demanding workloads and are 
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too fatigued to record after the work day has ended. Thus, 
the reliability and clarity of reporting must be improved.  

 We were not able to recruit as many participants as origi-
nally planned. Some workers initially committed to the pro-
ject, but could not be located when it was time to begin data 
collection. The transient nature of construction workers 
makes it difficult to sustain a sufficiently large sample. We 
tried to recruit a small sample that would provide enough 
cases to identify general patterns. Typically, the qualitative 
practice is to sample until no new insights of the phenome-
non emerge. Important factors to include in future studies 
involving the identification of construction safety critical 
incidents include the use of a more diverse sample in terms 
of ethnicity and construction trades and minimizing self-
selection bias. The participants in this study were ethnically 
homogenous (European-American); thus the lack of diversity 
in the sample might have impacted the types of critical inci-
dents reported and the patterns or clusters we identified. 
Self-selection bias, although it cannot be measured, likely 
influenced some of the data in this study. Workers who vol-
unteered were highly motivated and tended to have concerns 
about safety in general. In spite of these challenges, the criti-
cal incident method has shown some promise as an assess-
ment and surveillance tool in the small construction industry. 
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