
                                                                                                  

ABSTRACT 

TAYLOR, KINLEY BRITT. Identifying and Modeling Perceptions of Risk Factors in Hand 
Hygiene during Healthcare Operations. (Under the direction of Dr. David B. Kaber.) 
 

In healthcare organizations, hand hygiene is considered to be one of the primary 

practices to prevent hospital acquired infections. However, hand hygiene compliance remains 

low in the vast majority of healthcare facilities, averaging below 50% (Creedon, 2005; Pittet 

et al., 2004). Most hand hygiene studies have focused on hospital-associated infections 

(HAIs) from the patient’s perspective. An in-depth analysis of risk to healthcare workers 

(HCWs) in common tasks was needed to further understand noncompliance. 

 A taxonomy of potential risk factors to hand hygiene was compiled from the 

literature. A preliminary descriptive study, with limited sample size, was conducted on HCW 

performance in a collaborating hospital including observation and surveys. Two medical 

tasks were studied including injection and venipuncture. These tasks were observed at three 

locations, including an Outpatient Clinic, an Occupational Health Clinic and a Phlebotomy 

Lab. A total of sixteen participants, HCWs, were recruited for the study. Eight were observed 

performing tasks and another eight were interviewed regarding risk factors to hygiene. 

Observation was used to assess HCW compliance with established hand hygiene procedures 

and to capture actual frequency of exposures to hygiene risk factors during tasks. The survey 

included a background interview and collection of perceived ratings of frequency and 

severity of exposures for each task. For selected risk factors, a perceived risk score was 

calculated based on the product of frequency and severity ratings. Four different methods of 



statistical analysis were used on the observational and interview data, including: descriptive 

statistics on frequency of risk factor exposure, severity of outcomes associated with 

exposure, and perceived risk scores; correlation analyses; inter-rater reliability; and 

contingency tables. Due to a small sample size, reliability of statistical results was limited.  

Study results revealed differences between the risk factors phlebotomists and 

RNs/NPs perceived to exist in their environment and what was actually in their environment. 

Predictors such as work location, gender, and risk factor exposure were found to be useful in 

predicting hand hygiene compliance. Finally, human factors and occupational safety 

engineering methods were utilized to make recommendations for promoting HCW 

compliance with hygiene guidelines. Based on the results of the observational study, 

healthcare administration, occupational health, and infectious disease departments should 

focus training, work design, and workstation design towards preventing noncompliance and 

reducing illness of staff and patients. A larger investigation is needed for greater statistical 

reliability in results. One direction for future research is identification of individual risk 

factors to hand hygiene in outpatient clinics and diagnostic labs that may contribute to a 

divergence between perceived and actual risk of hand hygiene.  
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1 Introduction  

1.1 Background 

In healthcare organizations, hand hygiene is considered to be one of the primary 

practices for preventing hospital-associated infections (HAIs). Based on Ignaz Semmelweis’ 

seminal research in 1847, knowledge of the role of hand hygiene in HAIs has existed for 

more than a century. The term hand hygiene refers to either hand washing, with or without 

antiseptic, or using antiseptic handrub. A lack of hygiene promotes cross-transmission of 

microorganisms among patients and healthcare workers (HCWs). Unfortunately, hand 

hygiene compliance remains low in the vast majority of healthcare facilities, averaging below 

50%  (Creedon, 2005); (Pittet et al., 2004). Since the time of Semmelweis, substantial work 

has been done in the area with the objective of determining why hygiene compliance remains 

low; given that HAIs still occur. Some work has demonstrated that hand hygiene decreases 

infection rates (Centers for Disease Control & Prevention, 2002).  

Thus far, there has been no simple answer to increasing hand hygiene compliance 

across HCWs. Lack of adherence with hand hygiene regulations has been studied with 

violations attributed to many different risk factors, including: unsanitary environments, high 

task workload, frequent contact with infection sources, inaccessibility, or unavailability of 

sanitation supplies, etc. (Centers for Disease Control & Prevention, 2002). Exposure to such 

risks has also been attributed to individual behavior and characteristics, for example, 

forgetfulness, lack of education, or poor skin condition. Despite many efforts to address 

behavioral issues through training, controls, and the “do better” mentality, hand hygiene 



 

 2

compliance remains low in most healthcare facilities. Such risk factors for non-compliance 

with specified hand hygiene guidelines have been studied extensively. The sections below 

review various risk factors. 

1.2 Motivation	for	Study	
 

Despite the efforts of hand hygiene researchers in the past, little has been done to 

identify and analyze risk factors present in common tasks. Tasks that need to be analyzed are 

those with low hand hygiene compliance and high risk frequency of exposure to risk factors. 

Most previous hand hygiene studies have focused on HAIs from the patient’s perspective, an 

in-depth analysis on risks to HCWs in common tasks is needed to further understand 

noncompliance issues.  

This was a preliminary study with a limited sample size to characterize risk of 

perception of risk factors to hand hygiene among HCWs focusing on two common clinical 

tasks. Human factors and occupational safety engineering methods were used as a basis for 

making recommendations to promote compliance using administrative and engineering 

controls. This study also identified a direction for future research, specifically investigating 

individual risk factors in outpatient clinics and diagnostic labs that contribute to a divergence 

between perceived and actual risk of hand hygiene. 

1.3 Hand Hygiene Practices in Healthcare 

Hand hygiene has been identified as the primary method of reducing HAIs (also 

known as nosocomial infections). HAIs are caused by transmission of microorganisms 

among patients and HCWs (Pittet et al., 2004). Before 1847, the medical world did not 
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recognize the existence of malicious microorganisms that could be transmitted to patients. At 

that time, Semmelweis was a physician at the First Obstetrics Clinic at the General Hospital  

of Vienna. He is famous for recognizing and preventing puerperal fever, which was common 

in hospitals due to childbirth. He realized that in order to reduce nosocomial infections, 

doctors and students needed to sanitize their hands with chlorinated lime solution versus 

using only soap and water, before doing physical exams on obstetric patients. This practice 

greatly decreased mortality rates among mothers (Pittet & Boyce 2001; Centers for Disease 

Control & Prevention, 2002; Semmelweis & Codell, 1983). 

In 1975 and 1985, the Centers for Disease Control & Prevention (CDC) published 

standards and procedures for hand hygiene practices in healthcare. One of the main focuses 

was on the difference between using non-antimicrobial soap and antimicrobial soap. This 

was based on an understanding of common bacteria on the skin and the effectiveness of 

different hand cleaning procedures. In general, there are two types of bacteria found on the 

human skin: transient flora and resident flora. The transient flora, located on the epidermis 

(or outer layer of skin), are commonly the cause of HAIs. Infections can occur from 

transmission of transient flora by touching objects or patients in the environment. Transient 

flora can be removed by using soap and water to cleanse the hands (Centers for Disease 

Control & Prevention, 2002).  

The CDC guidelines and recommendations for hand hygiene practices in healthcare 

primarily address hand cleansing and glove use. The main recommendations for HCWs were 

to decontaminate the hands before and after direct contact with a patient; wear gloves if 

dealing with patient bodily fluids; decontaminate the hands after taking off soiled gloves; 
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wash the hands with soap and water if the hands are visibly soiled; and use an alcohol-based 

hand rub if the hands are not visibly soiled (Centers for Disease Control & Prevention, 2002). 

Related to this, alcohol hand rubs have quickly become a common form of hand 

decontamination in many healthcare facilities. They are faster, pose less damage to the skin 

on the hands, and do not require hand washing facilities. Evidence also demonstrates that 

HCWs are more likely to use alcohol hand rubs than to wash hands with soap and water 

(Jumaa, 2005). 

Even with the specific guidelines laid out for hand hygiene practices, more than half 

of the time the standards are not followed (Pittet et al., 2004). Some observational studies in 

hospitals have shown that HCWs wash their hands, on average, between 5 and 30 times 

during a shift. However, since each hospital ward has different specialties, hand hygiene rates 

differ greatly. For example, an intensive care unit (ICU) may present more than twice the 

opportunities for hand hygiene per hour than a pediatric unit (Centers for Disease Control & 

Prevention, 2002). The term “opportunities” used in the literature refers to the required 

hygiene steps in medical procedures.  

Hygiene adherence is measured as the ratio of actual rate of hand hygiene over the 

possible opportunities for hand hygiene. The CDC lists three common reasons for a lack of 

adherence; 1) lack of knowledge of the guidelines; 2) lack of recognition of opportunities for 

hand hygiene; and 3) lack of attentiveness to risks of cross contamination. Sometimes HCWs 

have a sense that they decontaminated their hands when in reality they did not (Centers for 

Disease Control & Prevention, 2002). The perception of how clean the hands are as opposed 

to how clean they actually are is one aspect of hygiene that needs further examination. The 
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type of clinical activity has also been shown to influence compliance rates. One HCW 

participating in a study by Barrett and Randle (2008) believed that hand hygiene was not that 

important in ‘everyday’ activities. The participant commented: 

“[It’s] something like taking a temperature. Something that you kind of view as not 

that important whether you keep your hands clean, perhaps I would be more relaxed 

if I hadn’t washed my hands. Whereas if I was doing a wound dressing or something 

like that I’d definitely wash my hands (p. 1853).” 

Another common factor in lack of adherence with washing guidelines was that gloves can 

replace the need for hand hygiene (Barrett & Randle, 2008). Hugonnet and Pittet (2000) 

stated that HCWs potentially wear gloves to protect themselves and not the patient. They 

may not be mindful that contamination on the gloves can be the same as on the hands. 

Washing is also considered both an act to protect the patient as well as the provider. 

Like the CDC, Pittet et al. (2004) also conducted a study to identify possible hygiene 

risk factors that result from perceptions and beliefs that can cause a lack of adherence to 

guidelines. The motivation behind the study was that hand hygiene compliance for 

physicians is generally less than 50% percent (Pittet et al., 2004). Physicians were observed 

for compliance with hand hygiene principles. Observers recorded the number of 

opportunities for hand hygiene and ranked physician behavior as high risk, medium risk, or 

low risk of cross-transmission. Physician adherence to hand hygiene principles was used as a 

basis for risk ratings. Other variables collected were physician gender, medical specialty, and 

availability of hand cleansing materials. A multivariate analysis revealed that performing 

activities with a high risk of cross-transmission and having a high workload was directly 
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related to lack of adherence. Directly after observations, physicians were asked if they were 

aware of being observed, and then they were given a survey. The survey assessed attitudes, 

practices and beliefs of the physicians regarding hand hygiene. Eighty-five percent stated 

they were aware of cross-transmission risks between patients resulting from lack of 

compliance, 77% intended to comply with hand hygiene, 74% said they were motivated to 

increase their hand hygiene compliance levels, although only 35% claimed they knew the 

guidelines for hand hygiene. This study provided substantial insight into the hand hygiene 

practices of HCWs in healthcare. 

1.4 Characterization	of	Outpatient	Practice		
 

Outpatient clinics are facilities where patients can receive medical diagnosis and 

treatment in an ambulatory state. Clinics can be associated with a hospital or can be 

independent. Hospital outpatient clinic operations are similar to inpatient processes.  

The typical outpatient clinic facility consists of a reception area, patient waiting room, 

triage area, and exam rooms. Generally, patients check in at a reception area and enter into a 

patient queue. Patients are handled on an individual basis. While in queue, they sit in the 

waiting room. Next they are taken to triage, either in an exam room or in a designated triage 

room, by a nurse or certified nursing assistant, where their vitals and other basic information 

are taken. Patients meet with clinicians, who are usually physicians, nurse practitioners, or 

physician’s assistants, for diagnosis and treatment of acute diseases. When the clinician is 

ready, the patient is taken into an exam room. The patient meets with the clinician behind 

closed doors. Exam rooms typically have a seat for the patient, a seat for the clinician, a 
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computer workstation, an exam table, equipment, and hand sanitation supplies on the walls or 

on a counter. Acute diseases are defined by their quick onset or short duration (Mosby’s 

Medical Dictionary, 2009). They are usually addressed through a relatively quick procedure 

or through the prescription of a medication. Examples of common procedures performed in 

outpatient clinics are physical exams, injections of vaccinations, or lab test specimen 

collection. They are diagnosed and treated. After the patient is diagnosed, treated, or 

prescribed a medication, they are sent to a check-out station where they pay and/or turn in 

some final paper work. 

The largest threat to hand hygiene in an outpatient setting is the large variation of 

medical cases to which staff and clinicians are exposed. At this stage, the patient may not be 

diagnosed for an illness, and the clinician could be unknowingly exposed, because they did 

not follow proper hygiene precautions. 

1.5 Risk	Factors	to	Hand	Hygiene	
 

The different factors identified to contribute to hygiene noncompliance are commonly 

referred to as risk factors. Common risk factors include high workload, many opportunities 

for patient contact, inaccessibility or unavailability of sanitation supplies, forgetfulness, lack 

of education, etc. Pessoa-Silva et al. (2005) conducted a study of hand hygiene among HCWs 

caring for critically ill neonates. The study was supported by the Infection Control Program 

in the Department of Internal Medicine at the University Hospital of Geneva. They noticed 

that hand hygiene compliance was very low in the neonatal ward. Based on this observation, 

the researchers developed a survey to identify perceptions of staff of risk factors to hand 
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hygiene. Factors that were identified to influence compliance included gender, work activity, 

workload, accessibly, usability of hand hygiene facilities, and the institutional standard of 

hand hygiene behavior. Individual factors identified to influence behavior included attitude, 

perception, intention, knowledge and beliefs. Pessoa-Silva et al. also developed a 

questionnaire to test HCW intentions to comply with hygiene principles. The following were 

identified as possible explanatory variables: attitude towards hand hygiene, perceived 

behavioral norms, perceived subjective norms, and perceived difficulty of compliance. They 

also assessed perceptions of risk of disease transmission and HCW motivation as possible 

explanatory variables. The researchers found that 75% of those surveyed believed they could 

improve their hand hygiene compliance. Good intentions to comply were related to 

perceptions of control of hand hygiene as well as perceptions of their supervisor’s view on 

hand hygiene. The authors determined that a strong perception of control and perception of 

supervisors placing value on hygiene played a large role in internal motivation for 

compliance by HCWs (Pessoa-silva et al., 2005). 

There are many risk factors that contribute to a low adherence to hand hygiene 

practices. Some of these have been labeled and used as predictors of hand hygiene 

compliance. The CDC identified and compiled many of the most prominent risk predictors. 

In one of the most extensive hospital hand hygiene surveys, HCWs identified a number of 

risk predictor variables including hospital ward, time of day and week, professional category, 

and type and intensity of patient care. The average hygiene compliance level for the hospital 

under study was 48% (Centers for Disease Control & Prevention, 2002). Another study 

conducted by the CDC found that overcrowding of patients and understaffing was directly 
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associated with HAIs. They recorded hygiene practice adherence before device contact 

during peak workload to be 25%; however, after the overcrowding and understaffing period 

ended, adherence increased to 70% (Centers for Disease Control & Prevention, 2002). 

Further surveillance revealed that a patient hospitalized under overcrowding situations had a 

four-fold increase in risk of a HAI (S Hugonnet & D Pittet, 2000). In a similar case, hand 

hygiene adherence decreased by 5% when demand for hand sanitation was high (when 

HCWs had more than 10 opportunities for hand hygiene per hour) (Pittet, 2001).   

Some other factors in noncompliance with hand hygiene guidelines include skin 

irritation, wearing of gloves (or lack of washing), interference in HCW-patient interaction, 

priority of care (for example, patient needs take priority over hygiene), and lack of scientific 

proof of the benefit of hand hygiene on HAI rates (Centers for Disease Control & Prevention, 

2002). Additional factors associated with decreased compliance include performing tasks 

associated with a high risk for cross-transmission, having ubiquitous opportunities for 

performing hand hygiene per hour, and use of automated sinks (Pittet, 2001). Upon first read, 

ubiquitous number of hygiene opportunities may not seem to be a risk factor; however, it 

represents greater demand for hand hygiene and, therefore, increased opportunity for HCWs 

to fail at hand hygiene. When hand hygiene is required more frequently, compliance with 

hand hygiene worsens (for example, in the ICU setting where opportunities for hand hygiene 

per hour are high) (Pittet, 2001). Automated sinks have been shown to have a decreased 

compliance rate based on observational data from a study by Larson et al. (1991). There are 

several other types of factors influencing hand hygiene practice such as individual cognitive 

factors, demographic characteristics, work conditions, social pressure, environmental 
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variables, individual attitudes towards hand hygiene, and  “actual and perceived risk for 

cross-transmission” (Pittet et al., 2004). With the numerous risk factors previously observed 

in healthcare, trends and prevalent risk factors can be identified and targeted as a basis for 

change in procedures. 

Opposite to this, other factors have been identified to be positively correlated with 

higher levels of hand hygiene compliance. Examples include the experience level of 

clinicians (e.g., medical students versus physicians) and HCW use of pocket hand-rub. There 

are also attitudes towards hand hygiene that contribute to higher compliance rates such as a 

perception of the need for hand hygiene after patient contact and awareness of being 

observed by the other professionals (Pittet et al., 2004).  

1.6 Pathways	of	Exposure	
 

Historically, hygiene risk factors have been linked to HAIs (Pittet et al., 2004); 

however, most studies typically identify only one pathway of transmission of 

microorganisms, due to risk factor exposure, that can cause infections. The previously 

mentioned risk factors contribute to increased microorganism cross-transmission. There are 

two distinct pathways of exposure for transmission of microorganisms. One is through direct 

contact with either another human or by touching a fomite, an inanimate object that has 

potential to carry infectious organisms.  The progression of transmission of organisms from 

one person to another generally follows these consecutive events:  

1) Organisms from a patient are transferred to a HCW by contact or through a 

fomite. 
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2) The organisms must survive on the hands of the HCW for a length of time. 

3) The HCW does not complete correct hand hygiene practices. 

4) The HCW self-inoculates or touches another patient with their contaminated 

hands or a fomite that the patient will touch (Centers for Disease Control & 

Prevention, 2002). 

The other pathway is through the air. Microorganisms can be airborne and transmitted 

through inhalation (see Figure 1.1 for pathways of exposure). 

 

Figure 1.1: Flowchart of exposures to microorganisms 
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Hartmann et al. (2004) state that, “undisputedly hands are the main source of 

pathogen transmission.” The CDC also identified studies that show HCWs contaminate their 

hands (or gloves) by touching inanimate objects in the patient’s environment. Other studies 

have recorded evidence of pathogens on HCW hands, but did not link their results to specific 

types of patient contact (Centers for Disease Control & Prevention, 2002). 

Related to these pathways of exposure, hand hygiene practices are mandated by 

Federal agencies to protect both the patient and HCW; the patient from HAIs and the HCWs 

from disease and bloodborne pathogens (Centers for Disease Control & Prevention, 2002). 

Since 1987, The Occupational Safety and Health Administration (OHSA) has required that 

HCWs wear gloves when potentially coming into contact with blood or other bodily fluids to 

help prevent the spread of the human immunodeficiency virus (HIV) and other bloodborne 

pathogens (Centers for Disease Control & Prevention, 2002). However, the use of gloves 

may change the behavior of HCWs. Some studies have shown higher compliance with hand 

hygiene practices when using gloves; however, some have shown opposite results (Jumaa, 

2005). Jumaa states, “It is important to remind HCWs that hands must still be 

decontaminated following glove wearing as gloves do not give complete protection against 

contamination with patients’ flora. Gloves may in turn contribute to the spread of pathogens 

if not used correctly,” referencing the studies of Tenorio et al. (2001) and Kotilaine, Avato & 

Gantz (1990) (as cited in Jumaa, 2005). “Participants perceived gloves as an effective 

method of keeping hands clean and it was seen as a faster alternative to hand hygiene” 

(Barrett & Randle, 2008) as compared with washing or sanitizing the hands.  
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1.7 Compliance	with	Hand	Hygiene	Practices	
 

Compliance with hand hygiene guidelines is a challenging problem for healthcare 

facilities considering all the potential barriers. The CDC identifies educational opportunities 

which should be addressed by hospitals through staff training. The following are hygiene 

training program elements the CDC highlights as currently lacking in healthcare training 

programs and contributing to hygiene problems: 

1)  scientific information revealing the impact of improved hand hygiene on HAIs 

and resistant organism transmission rates; 

2)  awareness of guidelines for hand hygiene and indicators of the need for hand 

hygiene during daily patient care; 

3) knowledge concerning low average adherence rates to hand hygiene principles by 

the majority of HCWs; and 

4) knowledge concerning the appropriateness, efficacy, and understanding of the use 

of hand hygiene and skin-care–protection agents. 

The CDC also identifies other interventions to improving hand hygiene compliance. 

The interventions take into consideration interactions among different factors, such as 

environmental constraints, individual factors, and institutional climate. Additional factors 

considered include HCW motivation, perceived behavioral control, perceived knowledge, 

hand hygiene practices, attitudes towards behavior, perceived role models, intentions, and 

perceived risk of infection. Example interventions are aimed at decreasing high task 

workload, preventing overcrowding and understaffing; increased hygiene education; 
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inspiring encouragement from group leaders; and implementing performance feedback 

(Centers for Disease Control & Prevention, 2002).  

1.8 Summary	
 

Few studies have focused on the perception of hygiene risk and how it influences the 

behavior of HCWs. Most studies focus on characteristics of physical surroundings and how 

they affect HCW adherence to hand hygiene practices, versus internal models of hygiene and 

how they may affect the actions of workers. Pessoa-silva et al. (2005) state, “In other areas of 

healthcare promotion, the application of social cognitive models in intervention strategies has 

regularly resulted in a change toward positive behavior” (p. 305; adapted from the source 

Conner (1995)). There is a need to understand HCW internal models of hygiene and to use 

such insight as a basis for intervention strategies towards increasing compliance rates. 

Related to this, research on compliance rates along with types of interventions for promoting 

compliance was reviewed. The CDC states that, “Because of the complexity of the process of 

change [in hygiene practice], single interventions often fail. Thus, a multimodal, 

multidisciplinary strategy is likely necessary” (Centers for Disease Control & Prevention, 

2002). 

1.9 Objectives 

The primary objective of this study was to identify risk factors to hand hygiene in 

common outpatient clinic and phlebotomy lab tasks (injection and venipuncture). A 

taxonomy of risk factors to hand hygiene compliance was compiled based on the findings of 

several studies, including the CDC (2002), Pittet (2001), Jumaa (2005) and others, with an 
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emphasis on cognitive human factors. An observational study was then conducted to identify 

those factors for which actual and perceived frequency of exposure among HCWs differs. To 

this end, the study assessed the perceived severity and risk of transmission of 

microorganisms to medical professionals. The scientific research addressed by the study 

included the following: 

Objective 1: What are the primary risk factors to hand hygiene that have been 

identified in the scientific literature? 

Objective 2: What is the actual and perceived prevalence of hygiene risk factor 

occurrence in the healthcare workplaces? 

Objective 3: What is the perceived severity and risk of outcomes of hygiene risk factor 

exposure in healthcare workplaces? 

Objective 4: How does the actual frequency of hygiene risk factors translate to 

healthcare professional perceptions of risk? 

Objective 5: What is the association between predictors for hand hygiene and actual 

hand hygiene compliance? 

Objective 6: What is the association between predictors for hand hygiene compliance 

and perceived frequency and severity of risk factor exposure? 

For risk factors with substantial differences in actual and perceived frequency of 

exposure, recommendations were made to improve HCW training, work processes, or 

workstation design in order to bring perceptions in-line with reality and to reduce the risk of 

disease transmission. By identifying prevalent risk factors for which HCW perceptions are 
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discordant, healthcare administration, occupational health, and infectious disease 

departments can better focus training programs to reduce occupational illnesses. 

2 Methodology 

2.1 Taxonomy of Risk Factors 

The risk factors previously identified through the scientific literature were compiled 

and organized into groups based on types of factors. This was facilitated by considering an 

organization of factors shaping human performance developed by Swain and referred to as 

“A Representative List of Factors that Shape Human Performance.” The table is shown in 

Appendix A (Hammer, 1985). 

The taxonomy of risk factors developed as part of this study was reviewed and edited 

by the Infectious Disease Department at a collaborating hospital. Several of the original 

factors were determined to be redundant and some new factors where added based on 

observational studies of hand hygiene previously conducted by the department. The refined 

list of hand hygiene risk factors appears below with edits and organization according to 

Swain’s human performance shaping factor taxonomy. 

 

1. Extra–Individual:  Situational characteristics 

a. Presence of an automated sink was shown to have a higher risk for 

exposure (Larson et al., 1991; Centers for Disease Control & Prevention, 

2002)  
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b. Sinks are inconveniently located or there is a shortage of sinks (Centers 

for Disease Control & Prevention, 2002; D Pittet, 2001) 

c. Lack of soap and paper towels (Centers for Disease Control & Prevention, 

2002) 

d. Limited access to hand-rub solution (Pittet et al., 2004) 

e. Limited types, tolerance, and accessibility of hand hygiene agents (Pessoa-

silva et al., 2005) 

f. Lack of skin care promotion agents (Pittet, 2001) 

g. Lack of hand hygiene facilities (Pittet, 2001) 

h. Time of day or week (Pittet, 2001) 

i. No role model from colleagues or superiors (Centers for Disease Control 

& Prevention, 2002) 

j. Lack of institutional priority for hand hygiene (Centers for Disease 

Control & Prevention, 2002) 

k. Lack of active employee participation in hand-hygiene promotion at 

individual or institutional level (Centers for Disease Control & Prevention, 

2002) 

l. Lack of administrative sanction of non-compliers or rewards of compliers 

(Centers for Disease Control & Prevention, 2002) 

m. Lack of institutional safety climate (Centers for Disease Control & 

Prevention, 2002) 

n. Lack of encouragement or hygiene role models by key staff  (Pittet, 2001) 
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o. Lack of administrative leadership and support (Pittet, 2001) 

p. Lack of cultural atmosphere for compliance (Pittet, 2001) 

q. No awareness of being observed (Pittet et al., 2004) 

r. Working during the week, versus the weekend, presents higher risk of 

infection exposures (Centers for Disease Control & Prevention, 2002) 

s. Difference in strength of individual leaders (Infectious Disease 

Department, personal commnunication, November 16, 2010) 

2. Extra–Individual: Task and equipment characteristics 

a. Work in an intensive care unit (ICU) presents higher risk of infection 

exposures (Pittet, 2001) 

b. Patient needs take priority over hygiene (Centers for Disease Control & 

Prevention, 2002; Pittet, 2001) 

c. Having many opportunities for hand hygiene per hour of patient care 

(Pittet, 2001) 

d. Performance of activities with high risk of cross-transmission (Centers for 

Disease Control & Prevention, 2002) 

e. Individual hospital ward might present higher risk of infection exposures 

(Pittet, 2001) 

f. Lack of performance feedback in terms of hygiene practice (Pittet, 2001) 

3. Psychological stress factors 

a. Perceived low risk of acquiring infection from patients (Centers for 

Disease Control & Prevention, 2002) 
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b. Forgetfulness or not thinking about hygiene risks (Centers for Disease 

Control & Prevention, 2002) 

c. Too busy (for hygiene) or insufficient time (Centers for Disease Control & 

Prevention, 2002; Barrett & Randle, 2008) 

d. Hand hygiene interferes with healthcare worker relationships with patients 

(Centers for Disease Control & Prevention, 2002) 

e. High workload  and no time for hygiene (Pittet et al., 2004; Pessoa-silva et 

al., 2005) 

f. Skepticism regarding value of hand hygiene (Centers for Disease Control 

& Prevention, 2002) 

g. HCW disagreement with recommendations (Centers for Disease Control 

& Prevention, 2002) 

h. Understaffing or overcrowding of facility (Centers for Disease Control & 

Prevention, 2002) 

i. Perception of lack of control over challenges to performing hand hygiene 

(Pessoa-silva et al., 2005) 

j. Performance of hand hygiene only after patient contact and not before 

(Pittet et al., 2004) 

k. Perception of no immediate consequence of lack of hygiene (Infectious 

Disease Department, personal commnunication, November 16, 2010) 
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l. Lack of ability to distinguish difference between the patient’s environment 

and the hospital, clinical, or office environment (Infectious Disease 

Department, personal commnunication, November 16, 2010) 

4. Physiological stress factors 

a. Poor skin condition (Barrett & Randle, 2008) 

b. Hand washing agents cause irritation and dryness of hands (Centers for 

Disease Control & Prevention, 2002) 

5. Intra-Individual factors 

a. Certain technical medical specialties (surgery, anesthesiology, emergency 

medicine, and intensive care medicine) present higher risk of infection 

exposures (Pittet et al., 2004) 

b. Physician status, rather than a nurse status, presents higher risk of 

infection exposures (Centers for Disease Control & Prevention, 2002) 

c. Nursing assistant status, rather than a nurse status, presents higher risk of 

infection exposures (Centers for Disease Control & Prevention, 2002) 

d. Male gender has higher risk of infection exposure due to riskier behavior 

(Centers for Disease Control & Prevention, 2002) 

e. Face toucher has higher risk of exposure (O’Boyle, Carol A, Susan J. 

Henly, 2001) 

f. Professional activities carrying a high risk of bacterial contamination lead 

to higher risk of exposure (Pessoa-silva et al., 2005; S Hugonnet & D 

Pittet, 2000) 
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g. Lack of belief of being a role model for other colleagues (Pittet et al., 

2004) 

h.  Lack of positive attitude toward hand hygiene after patient contact (Pittet 

et al., 2004) 

i. Wearing of gloves or the belief that glove use obviates the need for hand 

hygiene (Jumaa, 2005; Centers for Disease Control & Prevention, 2002) 

j. Lack of knowledge of guidelines/protocols (Centers for Disease Control & 

Prevention, 2002) 

k. Limited training or educational background (Jumaa, 2005) 

6. Job and task instructions 

a. Undefined clinical procedure (Barrett & Randle, 2008) 

b. Lack of written guidelines (Pittet, 2001) 

c. Lack of scientific information of definitive impact of improved hand 

hygiene on HAI rates (Centers for Disease Control & Prevention, 2002) 

Of these risk factors, some were observable during injection and venipuncture task 

performance and some were not. The factors were divided into two groups consisting of 

observable and non-observable risk factors. Tallies or actual counts of frequency of exposure 

for the observable risk factor group were recorded in this study. 

2.2 Task 

The two medical tasks under study, injection and venipuncture (also referred to as 

phlebotomy), were selected primarily based on expert physician input regarding clinical tasks 
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posing hygiene risks. The tasks were also chosen based on their actual frequency in medical 

procedures and propensity for HCW exposure to blood and bodily fluids. They were also 

available and observable tasks in a controlled environment (Outpatient Clinic, Occupational 

Health Clinic, and Phlebotomy Lab).  Each task has a standardized procedure containing 

specific steps and a defined hand hygiene protocol that is required to protect HCWs from 

bloodborne pathogens and viruses, such as HIV. These procedures contributed to structuring 

the study and identifying deviations from defined hygiene protocols. 

The injection task included intradermal, intramuscular, and subcutaneous injections. 

The injections observed were for vaccinations and tuberculosis tests, which were inserted 

through a needle into the patient’s skin. Generally, the patient was sitting while the HCW 

was standing. The HCW prepared an injection by retracting a vaccine into the syringe 

through a needle and then proceeded to inject the vaccine into the patient. This task was 

observed a total of 13 times. The average time to perform the task was approximately 3.5 

minutes. 

 Venipuncture is a term sometimes used for the act of collecting blood through a 

needle. It is used to take blood samples, so blood tests can be conducted. Generally, the 

patient is sitting or lying down during the task. The HCW prepares the needle with a 

collection tube for the blood. A tourniquet is applied to the patient’s arm, the needle is 

inserted into a vein, and blood is withdrawn from the body into the collection tube. The 

venipuncture task was also observed a total of 13 times. The average time to perform the 

venipuncture task was approximately 4 minutes. 
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2.2.1 Hierarchical	Task	Analysis	
 

A hierarchical task analysis (HTA) was conducted for each task based on the standard 

operating procedures (SOPs) provided by the collaborating hospital and verified with a 

clinical nursing textbook (Perry & Potter, 2006). A HTA is a specific form of task analysis 

that is used to capture the elements that go into a task in order to map logic and chronological 

relationships (Salvendy, 1997). The HTA identifies goals and supporting tasks and subtasks 

and then uses plans to direct the flow of actions to accomplish the task (Wickens, Lee, Liu, & 

Gordon Becker, 2004). The HTA involves developing a diagram to show how the actions are 

related to the tasks for accomplishing the ultimate goal. 

The Phlebotomy Lab at the hospital maintained a laminated venipuncture SOP at each 

workstation, which was readily available for phlebotomists, who performed the venipuncture 

task. The SOP also provided a visual flow chart of the steps in the task and different 

circumstances. This was not the case for the injection and venipuncture tasks at the other 

study locations. 

The HTAs for the two medical tasks, venipuncture and injection, are presented in 

Figure 2.1 and Figure 2.5, respectively. The procedures revealed through the HTAs were 

compared to actual task performance observed in the clinics in order to identify HCW 

deviations, which might lead to hygiene risks. Task location maps were created using 

pictures taken at the various observation locations. Each picture shows a workstation where 

tasks were performed and observed. Each location map marks points where items or 

equipment are used during the task, based on the HTA content. The location maps are shown 

in Figure 2.2 and Figure 2.6. The subsequent pictures in Figure 2.3 and Figure 2.7 are 
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location maps with counts of the number of times a particular location occurs in the task 

analysis. The size of the graphic circles at each location provides a relative indication of the 

frequency of use of that location. The number next to the location marker designates how 

many times that location was linked to a step of the task. Figure 2.4 and Figure 2.8 show 

arrows for when the HCWs transitioned between the location points on the maps during task 

performance. The arrows are labeled based on the task order. Multiple arrows between two 

location points mean that the HCW transitioned between those two points often. 
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Figure 2.1: Venipuncture hierarchical task analysis 
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Figure 2.1 Continued 
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Figure 2.2: Venipuncture location map 
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Figure 2.3: Venipuncture location map counts 
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Figure 2.4: Venipuncture location map transitions 
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Figure 2.5: Injection hierarchical task analysis 
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Figure 2.6: Injection location map 
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Figure 2.7: Injection location map counts 
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Figure 2.8: Injection location map transitions 
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 The Outpatient Clinic was more diverse in the variety of services provided than either 

of the other two clinics. Patients were generally adults with a minor injury or medical issue.  

Data were collected on a case-by-case basis, by observing patient and HCW interactions in 

exam rooms. Patients rested on an exam table and a HCW used a computer and/or equipment 

in the room for diagnostic purposes. In the Outpatient Clinic, at a minimum, a registered 

nurse (RN) performed the injection and venipuncture tasks. All patients were aware of the 

observation. 

 The Occupational Health Clinic is for employees of the hospital to be treated for 

occupational injuries or illnesses, obtain vaccinations, or to be screened for infectious 

diseases like tuberculosis. Since the patients are HCWs themselves, they may have opinions 

or insights on hygiene during medical procedures. Data were collected by observation of 

tasks, conducted in open-sided bays, from an indirect location. The bays were setup with 

small workstations for the HCW and the patient sat in an adjacent chair while a procedure 

was being performed. The HCWs were nurse practitioners (NPs) and RNs. All patients were 

aware of the study observations being made.  

 The Phlebotomy Lab continuously conducts venipuncture. HCWs are certified 

phlebotomists trained to specifically perform the venipuncture task. They complete 

approximately 12 venipunctures per hour, or about 1 every 5 minutes. Treatment bays are 

specifically setup for phlebotomy. A small workstation holds supplies, and there was a  

mobile chair for the phlebotomist and a stationary chair for patients. Patients in the 

Phlebotomy Lab are generally patients in the hospital that have been asked to have their 
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blood drawn. Tasks were observed from outside the bays from a nearby location. All patients 

were aware of the observation. 

2.4 Participants 

There were a total of 16 participant HCWs recruited for this study. Each participant 

agreed to observations of their work after they were introduced to the researcher. Eight were 

observed performing tasks and another eight were interviewed regarding risk factors to 

hygiene. The number of participants was limited by the number of HCWs in each of the 

clinics, who regularly performed injection and venipuncture tasks. For the observational 

analysis, the eight HCWs were distributed across the three different clinics as follows: 

Outpatient Clinic (1), Occupational Health Clinic (4), and the Phlebotomy Lab (3). HCWs 

were classified as either phlebotomists, RNs, or NPs. Gender was the only demographic data 

collected on these participants, because they were not interviewed and their demographics 

were not associated with frequencies of exposure to external hygiene risk factors in the 

clinics. There were seven females and one male as part of the observation group.  

All participants were introduced to the experimenter by their direct supervisor. They 

were told that they would be participating in a hand hygiene study. They were informed that 

they would be observed performing the target tasks. 

2.5 Observational Analysis 

This was a descriptive study based on data collected through observation and surveys 

with the participants (HCWs) mentioned above. Institutional Review Board (IRB) approval 

was received for the study. Participants were not subjected to manipulations of their work 
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environment, nor were they asked to perform special tasks for the study. They were not 

provided any feedback of hand hygiene compliance during the observations. Patients were 

aware of observations and agreed to being observed as well. They were only observed during 

normal work tasks. Observation was used to assess HCW compliance with hand hygiene 

procedures and to capture actual frequency of exposures to hygiene risk factors during tasks. 

While observing each task, risk factors that were present were recorded using a custom 

observation form (see Appendix B). The frequency of risk factors exposures were tallied to 

determine cumulative exposure rates across observation periods. 

2.5.1 Predictor Variables 

For the observational and survey portions of the study, the individual, environment, 

and task variables evaluated as predictors of HCW exposure to hygiene risk included: 

professional status (phlebotomist, RN or NP), work location/facility (Outpatient Clinic, 

Occupational Health Clinic or Phlebotomy Lab), gender (male, female), age, years of job 

experience (based on the graduation year for a clinician’s medical degree), and type of 

medical procedure (injection or venipuncture). 

2.5.2 Response Measures 

The first type of response measure for the observational analysis was a record of 

whether subjects performed required hand hygiene steps during task performance. For 

injection and venipuncture, those steps included: (a) performing proper hand sanitation 

before donning gloves; (b) donning gloves correctly; and (c) performing proper hand 

sanitation after glove removal. The second type of response measure was the frequency of 
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exposure to risk factors during the task performance. The third response measure was the 

length of time it took a HCW to complete a task.  

2.5.3 Risk Analysis 

For the venipuncture and injection tasks, the frequency of occurrence of hygiene risk 

factors was recorded based on direct observation. Severity of exposures was to be determined 

based on hospital OSHA logs of occupational injury and illness. OSHA logs contain records 

of injuries and illnesses of employees required by the Federal government. Data for exposure 

to blood or bodily fluids for each task were provided by the Workers’ Compensation (WC) 

Department of the collaborating hospital.  The data available were from the years 2007-2010. 

The data set was queried to include only cases involving a nurse, nurse practitioner or 

phlebotomist, who were performing patient care at the time of the recordable injury. The data 

were further filtered to identify specific cases that occurred during the injection or 

venipuncture tasks. Unfortunately, with these search criteria only four cases remained for 

analysis and none included sufficient detail to extract actual severity of outcomes of risk 

factor exposure. Consequently, objective severity information could not be developed for the 

study and clinician subjective ratings were used for analysis. 

2.6 Survey	Analysis	
 

With respect to the survey study, perceived risk was evaluated by interviewing 

HCWs, who perform venipuncture and injection tasks as an occupation. These HCWs (8), 

who were not observed in task performance, were interviewed and were expected to be 

unbiased in responding to questions based on the observational analysis. The interview 
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consisted of a background survey, and two lists of all the risk factors identified through the 

literature review as being linked to low hand hygiene compliance, with one list 

corresponding to each task. Perceived ratings of frequency and severity for each task were 

collected from participants. 

The background survey queried gender, age, profession, and year of graduation from 

professional medical degree (see Appendix C). Two subjective questions were included in 

the survey including 1) How often do you report work injuries? 2) How often do you get sick 

from your patients? Participants provided ratings on a scale from “never” to “all of the time”.  

The two standard lists of risk factors identified from the literature review were 

subsequently presented to HCWs, one specifically directed towards the injection task and one 

towards the venipuncture task (see Appendices D and E). They were asked to identify which 

factors occurred in performing each task. Subsequently, the frequency of identified risk 

factors was tallied across HCWs in order to estimate the frequency of risk factor exposure in 

each task.  

For each risk factor that was selected by a participant, an adaptation of the Military 

Standard 882B –Severity Classification Table was used to obtain their ratings of the severity 

of risk factor exposures present in each task. The Military Standard 882B (MIL-STD 882) 

Risk Classification Table was developed by the U.S. Air Force to evaluate risk in operations 

and systems that could pose a danger to safety, health, or the environment. The standard 

divides up frequency and severity ratings into two different tables (Brauer, 2006). The 

severity scale of the standard was adapted to fit the HCW’s range of outcomes from 
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negligible to death. The Infectious Disease Department of the collaborating hospital reviewed 

and verified the scale. The version of the scale used in this study is presented in Table 2.1. 

Table 2.1: Adapted Military Standard 882B Severity Classification Table 

Description Category Safety and Health Result Criteria 
Catastrophic IV Could result in death, permanent total disability 
Critical III Could result in permanent partial disability, injuries or 

occupational illness that may result in hospitalization of 
personnel 

Marginal II Could result in injury or occupational illness resulting in one or 
more lost work day(s) 

Negligible I Could result in injury or illness not resulting in a lost work day 
 

Next, a percieved task risk evaluation was conducted. Perceived risk was determined 

(for each task) based on the estimates of the frequency (F) and severity (S) of exposure to 

risk factors. Risk was calculated as the product of F by S (Equation 1). 

R = F * S     (Equation 1) 

where: 

R = risk  

F = frequency 

S = severity 

Risk modeling was subsequently conducted to determine composite perceived risk 

scores for each task by summing the product of F by S estimates for each factor relevant to a 

task (Equation 2):  
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RiskTask A = (FrequencyF1*SeverityF1) + (FrequencyF2*SeverityF2) +…+ 

(FrequencyFn*SeverityFn)                                         

(Equation 2) 

 

where: 

RiskTask A = perceived risk for Task A 

FrequencyF1 = perceived frequency of risk Factor 1 occurring 

SeverityF1 = perceived severity of risk Factor 1 occurring  

Fn = total number of risk factors 

2.7 Hypotheses 

Hypotheses related to each objective were formulated based on the literature review. 

Due to the multiple facets of this study, there were six hypotheses, including:  

Hypothesis 1: The major risk factors to hand hygiene compliance were expected to 

appear across multiple references (Centers for Disease Control & Prevention, 2002). 

Hypothesis 2: On the basis of identification of risk factors from Parush et al. (2010), 

several risk factors in the Extra-Individual risk factor category, involving equipment 

and supplies, were expected to be more prevalent than others in the venipuncture and 

injection tasks. 

Hypothesis 3: Based on the previous literature on HAIs and preliminary observations, 

those risk factors with high potential for infection include, a lack of hygiene facilities 

or supplies, clinicians being too busy for hygiene or insufficient time, and 
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interference with patient care. These factors were expected to have high ratings of 

severity and risk, assuming clinician comprehension (Centers for Disease Control & 

Prevention, 2002). 

Hypothesis 4: On the basis of conclusions from Parush et al. (2010), clinician 

perceptions of risk factors (on frequency of occurrence) in the injection and 

venipuncture tasks were expected to correspond to actual risk factors occurring in the 

environment. 

Hypothesis 5: Previously identified predictors of hand hygiene compliance, including 

work location and risk factor exposure, were expected to be associated with actual 

hand hygiene compliance (Pittet et al., 2004). 

Hypothesis 6: Predictors of hand hygiene compliance, including age, were expected 

to be associated with perceived severity of outcomes, including how often HCWs 

report getting sick as well as risk factor occurrence due to immunosenescence (Kumar 

& Burns, 2008). 

2.8 Data Handling 

As previously stated, data were collected through direct observations of HCW task 

performance and interviews. The number of participants in the observational study was 

constrained to half of the employees, so the other half could be interviewed.  The length of 

time for observation at the hospital was also constrained due to researcher travel funding and 

time. The Outpatient Clinic yielded the fewest task observations due to low frequency of task 

occurrence. The interviews for the injection task were limited to those HCWs who were not 
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phlebotomists, which left only four NPs or RNs. Among these, only two of them identified 

risk factors present while performing an injection task in the past. The limited sample size 

focused the data analysis on descriptive statistics and inferential statistics to a lesser extent. 

2.9 Statistical Analysis 

Four different methods of statistical analysis were used on the observational and 

interview data. The methods included descriptive statistics on frequency of risk factor 

occurrence, ratings of severity of outcomes associated with exposure, and risk scores; 

correlation analyses; inter-rater reliability; and contingency tables. Statistical analyses were 

conducted using JMP 9 (SAS Corporation, Cary, NC) and Microsoft Excel. The objective of 

the descriptive statistics was to identify the average actual and perceived frequency of risk 

factor exposure, as well as the mean perceived severity and risk. This analysis served to 

identify the general level of importance or criticality of risk factors as a basis for future 

control actions. 

Correlation analyses were used to determine the degree of association between the actual 

and perceived frequency of exposure, and the association between the actual frequency and 

perceived severity of exposure outcomes. In general, the analyses were used to assess 

differences between the actual and perceived work environment of HCWs. Correlation 

analysis was also used to determine inter-rater reliability, among the phlebotomists, RNs, and 

NPs in terms of perceived risk factor ratings. 

Contingency table analysis was used to assess the role of each predictor variable on 

each response measure. A likelihood ratio was used to determine significant differences 
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among settings of the predictor variables. Contingency tables that included binary predictor 

variables produced Fisher’s Exact Test results. This test is particularly applicable to small 

sample sizes and data sets with missing values.  

3 Results 

3.1 Descriptive Statistics 

The analyses below were conducted to assess the importance of each risk factor in 

relation to Hypotheses 2, that several risk factors in the Extra-Individual risk factor category 

were expected to be more prevalent than others in the venipuncture and injection tasks, and 

Hypothesis 3, that those risk factors with high potential for infection were expected to have 

high ratings of severity and risk. The risk factors were ranked based on the mean frequency 

of actual and perceived occurrence in the venipuncture and injection tasks. The frequency of 

the risk factors is presented in Figure 3.2 through Figure 3.5. In a similar fashion, the average 

severity ratings of the individual risk factors, which were initially identified as occurring 

during the corresponding task, are presented in Figure 3.6 and Figure 3.7. Risk ratings are 

presented in Figure 3.8 and Figure 3.9. All risk factor names were abbreviated as unique 

identifiers. A list of the risk factors with their identifiers is presented in Figure 3.1. The data 

included in these statistics were limited in sample size. 
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   Presence of an automated sink was shown to have a higher risk for exposure S1
   Sinks are inconveniently located or there is a shortage of sinks S2
   Lack of soap and paper towels S3
   Limited access to hand-rub solution S4
   Lack of skin care promotion and agents S5
   Lack of hand hygiene facilities S6
   Time of day or week S7
   No awareness of being observed S8
   Working during the week, versus the weekend, presents higher risk for infection exposures S9

   Working in an intensive care unit (ICU) presents higher risk of infection exposures T1
   Patient needs take priority over hygiene T2
   Having many opportunities for hand hygiene per hour of patient care T3
   Performance of activities with high risk of cross-transmission T4
   Individual hospital ward might present higher risk of infection exposures T5

   Poor skin condition PH1

   Percieved low risk of acquiring infection from patients PS1
   Forgetfulness or not thinking about hygiene risks PS2
   Too busy (for hygiene) or insufficient time PS3
   Hand hygiene interferes with health-care worker relationships with patients PS4
   High workload and no time for hygiene PS5
   Peformance of hand hygiene only after patient contact and not before PS6

   Certain technical medical specialties (surgery, anesthesiology, emergency medicine, and intensive care)O1
   Physician status, rather than a nurse, presents higher risk of infection exposures O2
   Nursing assistant status, rather than a nurse, presents higher risk of infection exposures O3
   Male gender has higher risk for infection exposure due to riskier behavior O4
   Face or hair toucher has higher risk for exposures O5
  Some professional activities carrying a high risk of bacterial contamination lead to higher risk O6
   Wearing of gloves or the belief that glove use obviates the need for hand hygiene O7

   Undefined clinical procedure J1
   Lack of written guidelines J2
   Lack of scientific information of definitive impact of improved hand hygiene procedures on infection r J3
   Inability to distinguish between pt’s envrn and hospital/clinical/office environment J4

   No hygiene role model from colleagues or superiors U1
   Lack of institutional priority for hand hygiene U2
   Lack of active employee participation in hand hygiene promotion at individual or institutional level U3
   Lack of administrative sanction of non-compliers or rewards of compliers U4
   Lack of institutional safety climate U5
   Lack of administrative leadership and support U6
   Lack of cultural atmosphere of compliance U7
   Lack of performance feedback in terms of hygiene practice U8
   Handwashing agents cause irritation and dryness of hands U9
   Skepticism regarding the value of hand hygiene U10
   HCW disagreement with the recommendations U11
   Understaffing or overcrowding U12
   Lack of belief of being a hygiene role model for other colleagues U13
   Lack of positive attitude toward hand hygiene after patient contact U14
   Limited training or educational background different U15
   Perception of no immediate consequence of lack of hygiene U16
   Difference in strength of leaders U17
   Lack of knowledge of guidelines/protocols U18

Extra –Individual:  Situational characteristics

Unobservable Risk Factors

Extra –Individual : Task and equipment characteristics

Psychological stresses

Physiological stresses

Intra-Individual: Organismic Factors

Intra-Individual: Job and task instructions

 

Figure 3.1: Risk factor abbreviations 

 



 

 45

The first analysis was a ranking of the risk factors based on frequency of actual 

occurrence in the venipuncture task. Figure 3.2 shows a graph with groups of risk factors and 

rankings of factor importance within groups. The individual risk factors are sorted from high 

to low frequency. The graph distinguishes which risk factors are prevalent in each group and 

overall. The most common risk factors present were from the Extra-Individual categories, 

specifically Situational Characteristics (S) and Task and Equipment Characteristics (T). 

These specific groups include factors that are outside an individual’s control; however, they 

still remain as influences in the environment. For example, “working during the week versus 

the weekend presents higher risk of infection exposure (S9)” was one of the most frequent 

risks because tasks were primarily observed during the week. Another frequent risk factor 

was “performing activities with a high risk of cross-transmission (T4)”, which applied to all 

of the tasks under analysis.  

Figure 3.3 shows the same analysis but for the injection task. Results were similar; 

however, “limited access to hand-rub solution (S4)” was a more prevalent risk factor.  
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Figure 3.2: Actual frequency of risk factors in the venipuncture task 
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Figure 3.3: Actual frequency of risk factors in the injection task 
 

The perceived frequency analyses were conducted in the same manner as the actual 

frequency analyses; however, they also included unobservable risk factors. The unobservable 

risk factors could be collected during the interviews; however, they could not be collected 

during actual task performance. The figures below, Figure 3.4 and Figure 3.5, present the risk 

factors identified by the HCWs during the interview for the venipuncture (n=8 interviewees) 

and injection tasks, respectively (n=4 interviewees). Frequencies were tallied across HCWs 



 

 48

surveyed for the specific tasks. The most prevalent risk factors identified by the HCWs for 

the venipuncture task included: “lack of soap and paper towels (S3)”, “patient needs take 

priority over hygiene (T2)”, and “having many opportunities for hand hygiene per hour of 

patient care (T3).” These are all factors in Extra-Individual categories. For the injection task, 

only two respondents said that any of the risk factors were present during performance. It is 

possible that the other two respondents did not understand interview questions correctly, as 

they did not identify any risk factors as occurring during the injection task. The survey 

objectives and instructions were restated to the participants to ensure they received the same 

instructions as the other participants. In general, similar risk factors were identified for both 

the injection and venipuncture tasks from the Extra-Individual group. 
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Figure 3.4: Perceived frequency of risk factors in the venipuncture task 
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Figure 3.5: Perceived frequency of risk factors in the injection task 
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 Out of the risk factors which were identified to be present during the respective tasks, 

the interviewees were asked to provide ratings of severity of outcomes of exposure with the 

Adapted Military Standard 882B table, as presented in Section 2.6. Since some risk factors 

may not have been identified as being present during the tasks, severity ratings were not 

made on these factors. Average severity ratings were calculated for the rated risk factors and 

are presented in Figure 3.6 and Figure 3.7.  Based on the average severity ratings, risk factors 

with the highest perceived severity of outcomes for the venipuncture tasks included: 

“perceived low risk of acquiring infection from patients (PS1)”, “poor skin condition (PH1)”, 

“patient needs take priority over hygiene (T2)”, “forgetfulness or not thinking about hygiene 

risks (PS2)”, “face or hair toucher has higher risk for exposures (O5)”, “lack of scientific 

information of definitive impact of improved hand hygiene procedures on infection rates 

(J3)”, “HCW disagreement with the recommendations (U11)” and “lack of knowledge of 

guidelines or protocols (U18).” For the injection task, the highest severity risk factors 

included: “performance of activities with high risk of cross-transmission (T4)”, 

“forgetfulness or not thinking about hygiene risks (PS2)”, “face or hair toucher has higher 

risk for exposures (O5)” and “lack of knowledge of guidelines or protocols (U18)”. 
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Figure 3.6: Perceived severity of selected risk factors for the venipuncture task 
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Figure 3.7: Perceived severity of selected risk factors for the injection task 
 
 
For the selected risk factors, a risk score was calculated based on the product of the perceived 

frequency (percentage of time a risk factor occurred during the task) across HCWs and the 

average perceived severity of individual risk factors. These risk scores are shown below in 

Figure 3.8 and Figure 3.9 for the two tasks. Those risk factors with the highest risk scores for 

the venipuncture task included: “lack of soap and paper towels (S3)”, “patient needs take 

priority over hygiene (T2)”, “having many opportunities for hand hygiene per hour of patient 

care (T3)”, “perceived low risk of inquiring infection from patients (PS1)”, “forgetfulness or 

not thinking about hygiene risks (PS2)”, “lack of scientific information of definitive impact 

of improved hand hygiene on infection rates (J3)” and “HCW disagreement with the 

recommendations (U11).” For HCWs, these represent the most risky factors to which they 

may be exposed during the venipuncture task. The risk factors with the highest risk score for 
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the injection task were the same as the severity ratings. They included: “performance of 

activities with high risk of cross-transmission (T4)”, “forgetfulness or not thinking about 

hygiene risks (PS2)”, “face or hair toucher has higher risk for exposures (O5)” and “lack of 

knowledge of guidelines or protocols (U18)”. 

 

Figure 3.8: Perceived risk of risk factors in the venipuncture task 
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Figure 3.9: Perceived risk of risk factors in the injection task 

3.2 Correlation Analysis for Aggregate Risk Factor Groups 

Non-parametric correlation analyses were used to assess the degree of association 

among the average actual frequency with the average perceived frequency, and to compare 

the average actual frequency with the average perceived severity. Since the response data did 

not conform with parametric test assumptions, Spearman’s rho was used for the analyses. 

Frequencies were aggregated across risk factors within groups. Table 3.1 and Table 3.2 

present the results of the correlation analyses. There were positive correlations between the 

average actual frequency and the average perceived frequency and severity for the Extra-

Individual risk factor groups including Situational characteristics and Task and equipment 

characteristics. Such positive correlations represent risk factors which HCWs correctly 

perceived to be high risk in the work environment. That said, none of these correlations were 
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significant.  There were negative correlations between the average actual frequency and the 

average perceived frequency and severity for risk factor groups including Psychological 

stresses, Intra-Individual Organismic factors, and Intra-Individual Job and task instructions. 

Such negative correlations could be caused by certain features of the work environment that 

represent actual high risks, which HCWs do not perceive as risk factors. Similar to the 

positive correlations, none of these inverse associations were significant. In general, samples 

included 10 or fewer ranks as a basis for the nonparametric correlation analysis; therefore, 

reliability of the results is limited. 

Table 3.1: Average perceived frequency by average actual frequency correlation 

analysis results 

Risk Factor Group rho p-value 

Extra-Individual: Situational 

characteristics 

0.1192 0.6376 

Extra-Individual: Task and 

equipment characteristics 

0.4981 0.1429 

Physiological stresses Insufficient data Insufficient data 

Psychological stresses -0.1571 0.6258 

Intra-Individual: 

(Organismic) factors 

-0.2547 0.3795 

Intra-Individual: Job and task 

instructions 

-0.1429 0.7358 
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Table 3.2: Average perceived severity by average actual frequency correlation analysis 

results 

Risk Factor Group rho p-value 

Extra-Individual: Situational 

characteristics 

0.1806 0.4733 

Extra-Individual: Task and 

equipment characteristics 

0.5328 0.1128 

Physiological stresses Insufficient data Insufficient data 

Psychological stresses -0.399 0.1988 

Intra-Individual: 

(Organismic) factors 

-0.2555 0.3780 

Intra-Individual: Job and task 

instructions 

-0.1429 0.7358 

3.2.1 Inter-rater Reliability 

Multivariate correlation analyses were conducted on the average perceived frequency 

and severity ratings by phlebotomists for the venipuncture with the same ratings for the 

RN/NPs. The correlation analysis was conducted to determine the level of inter-rater 

reliability between the two different groups. Since the data conformed with parametric test 

assumptions, a Pearson Product-moment correlation test was used to determine coefficients 

for the frequency and severity ratings.  
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The test revealed a correlation for the frequency ratings of r=0.0152. The low 

coefficient implies that the phlebotomists and RN/NPs have different perceptions of the risk 

factors present during the venipuncture task. This could be influenced by the different work 

environments for these staff. The phlebotomists in the Phlebotomy Lab may have different 

risk factors present than the RNs in the Outpatient Clinic. Experience could also play a role 

in the different ratings between the participants. 

For the severity ratings, the Pearson test revealed a correlation coefficient of 

r=0.0639. The low correlation coefficient demonstrates low inter-rater reliability between the 

two different groups of HCWs. This could stem from many different factors including 1) the 

two groups are different in how extreme they perceive the risks to be; 2) differences in 

experience levels; 3) the fact that the NPs and RNs produced fewer severity ratings than the 

phlebotomists, which could skew the data; or 4) the NPs and RNs may be exposed to a 

greater number of risk factors in their environments, which could expand or inflate their 

internal severity scale. 

3.3 Contingency Table Analysis 

The following results are related to Hypotheses 5, stating that previously identified 

predictors of hand hygiene compliance were expected to be associated with actual hand 

hygiene compliance (Pittet et al., 2004), and Hypothesis 6, stating that predictors of hand 

hygiene compliance were expected to be associated with perceived severity of outcomes. 

Contingency tables were used to identify significant predictors in the various response 

measures. The predictors for the actual frequency data included work location, gender, task 
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time, and total number of risk factors present in the task environment. The response measures 

included proper hand sanitation before donning gloves, correct use of gloves before the task, 

and total number of risk factors present in the task.  Total number of risk factors present in 

the task was used as a predictor and response measure. For example, to see if total numbers 

of risk factors present in the task had an influence on hand hygiene compliance or if task time 

had an influence on total number of risk factors present in the task. For the perceived 

frequency and severity data, the predictors included profession, location, age, and graduation 

date. The response measures for these analyses included how often HCWs reported getting 

sick from their patients, how often they reported work injuries, and the total number of risk 

factors they identified, in the survey, as being present during the specific task. Contingency 

tables were also used to assess relations among response measures.  

The number of risk factors present in the task was categorized into two groups: as 

either having less than four risk factors or having four or more risk factors. A threshold of 

four factors was established using a data mining approach looking at the frequency 

distribution of the data. Age was categorized into three groups: ≤ 30 years; > 30 and ≤ 40 

years; and >40 years. How often the HCW reported work injuries and how often the HCW 

got sick from their patients were rated on a scale from “never” to “all of the time.”  In 

general, sample sizes were small; therefore, the reliability of the likelihood ratios from the 

contingency table analysis is limited. 
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3.3.1 Venipuncture Actual Frequency 

3.3.1.1  Location 

Location of observations for the venipuncture task had a significant effect on the 

correct use of gloves before the task, proper hand sanitation after the task and total number of 

risk factors present in the task. The likelihood ratio (χ2=10.226, p=0.006) provided strong 

evidence that the location of work predicted the correct use of gloves. As can be seen from 

Table 3.3, the Phlebotomy Lab had a much higher hand hygiene compliance rate than the 

other locations. The Phlebotomy Lab (n=9) had 100% compliance and the Occupational 

Health Clinic (n=3) had 33.3% compliance. Due to the low sample size for the Outpatient 

Clinic (n=1), inferential statistics were not applied. Proper hand sanitation after disposing of 

gloves was also affected by location (χ2=6.884, p=0.032). The Phlebotomy Lab (n=8) and 

Occupational Health Clinics (n=3) had 100% compliance. The number of risk factors present 

during the venipuncture task was also significantly affected by the work location (χ2=16.048, 

p=0.0003). The total number of risk factors present in the Phlebotomy Lab was two or less. 

However, the Occupational Health Clinic had between four and five risk factors present for 

each task. This is in agreement with the correlation coefficient for the inter-rater reliability 

between the phlebotomists and the RNs/NPs, due to the fact that profession and location 

were confounded in this study. 

 The clinics (Occupational Health and Outpatient) had lower hand hygiene compliance 

rates and higher risk factor exposure in the study tasks than the Phlebotomy Lab. One reason 

contributing to the lower compliance could be less standardized procedures. The HCWs in 

the clinics performed the venipuncture task less often and, therefore, may not have a 
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systematic way of performing the task. When they performed the tasks, there were more 

deviations in the order of specific steps and in hygiene practices. They followed correct hand 

hygiene procedures less often than in the Phlebotomy Lab. In addition, they did not seem to 

differentiate clean environments versus patient environments. This could be due to the fact 

that the standard operating procedure for the venipuncture task may not be readily available 

in the clinics, since they perform many different tasks at the same workstation. However, in 

the Phlebotomy Lab, strict instructions are listed for each task at workstations as well as a 

flow chart of the steps. The phlebotomists consistently performed the steps for the task in the 

same order and followed hygiene procedures reliably. They appeared to treat the clean and 

patient environments differently. The professionals in the clinics, who are NPs and RNs, 

perform a wide variety of tasks and have a wide range of abilities. Therefore, they may not 

be as focused on the specifics of the venipuncture task and hygiene protocols. 

3.3.1.2  Gender 

Gender was not evaluated as a predictor of response measures, due to the small 

sample size of one male included in the observations. Although the sample size was too small 

for inferential statistics; on average, the one male was observed to exhibit lower hand 

hygiene compliance, specifically in the use of gloves. This is in agreement with prior 

research indicating that males have lower hand hygiene compliance than females. However, 

the reliability of the results reported here is questionable due to the very small sample size 

representing the male gender. 
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3.3.1.3  Time 

Task time did not appear to influence hand hygiene compliance or actual frequency of 

risk factor exposure during the course of this study. Time for the task was not a strong 

predictor of compliance with hand hygiene protocols or level of exposure to risk factors in 

the venipuncture task. 

3.3.1.4  Risk Factor Exposure 

Risk factor exposure was a significant factor in the use of gloves during the 

venipuncture task (χ2=9.547, p=0.002). The presence of four or more risk factors in the task 

was associated with no use or incorrect use of gloves. Four or less risk factors present was 

associated with glove compliance.  

3.3.1.5  Response Measures 

No association was found between various response measures (use of hand sanitation 

before the task, the proper use of gloves, and the use of sanitizer after the task). Each 

response measure was tested against every other to identify any potential associations; 

however, none were observed. This implies that performance of the individual steps of hand 

hygiene do not necessarily depend on, or influence, each another. For example, the use of 

hand sanitizer before the task does not have an association with glove use or even the use of 

hand sanitizer after the task.  

Below is a summary table of the contingency table results on the actual frequency of 

risk factor exposure response for the venipuncture task: 

where: 
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MOH = Occupational Health Clinic mean 

MPL = Phlebotomy Lab mean 

M<4 = Less than four risk factors present mean 

M≥4 = Greater than or equal to four risk factors present mean 

 
Table 3.3: Venipuncture actual frequency contingency table results 

 Use of Sanitizer 
Before 

Use of Gloves  Use of Sanitizer 
After 

Risk Factor 
Exposure 
(Number of Risk 
Factors ≥4) 

Work Location Not significant 
(ns) 

(MOH = 33.3%; 
MPL =100%), p= 
0.006 

(MOH = 100%; 
MPL =100%), p= 
0.032 

(MOH = 100%; 
MPL =0%), p= 
0.0003 

Task Time ns No significance ns No significance 
Risk Factor 
Exposure 
(Number of Risk 
Factors ≥4) 

ns (M<4 =100%, 
M≥4 = 25%), p= 
0.002 

ns N/A 

 

To summarize the results from the actual frequency data for the venipuncture task, 

location had a significant influence on whether the HCWs used gloves, followed proper hand 

sanitation procedures after they disposed of their gloves, and the total number of risk factors 

present during each venipuncture observation.  The clinics were less compliant and had 

greater exposure to risk factors. The task performance time did not have a significant effect 

on any of the response measures. 

3.3.2 Venipuncture Perceived Frequency and Severity 

To analyze the perceptions of the HCWs, the five predictors of profession, location, 

age and graduation date were analyzed for effects on the response measures of how often 
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HCWs reported getting sick from their patients, how often they reported work injuries, and 

the total number of risk factors they identified as being present during the specific task.  

The analysis revealed an association between age and how often HCWs reported 

getting sick from their patients (χ2=7.638, p=0.0219). HCWs of greater age reported getting 

sick less than younger HCWs. The venipuncture severity ratings provided no additional 

insights into the role of the predictor variables. 

where: 

MOH = Occupational Health Clinic mean 

MPL = Phlebotomy Lab mean 

M<age = HCWs less than or equal to 30 years old mean 

M<age = HCWs between 31 and 40 years old mean 

M<age = HCWs over 40 years old mean 

0 = Never get sick from patients 

1 = Rarely get sick from patients 

M<4 = Less than four risk factors present mean 

M≥4 = Greater than or equal to four risk factors present mean 
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Table 3.4: Venipuncture perceived frequency contingency table results 

 Perceived Sickness 
Caused by Patients 

Report Work Injuries 
or Illnesses 

Risk Factor Exposure 
(Number of Risk 
Factors ≥ 4) 

Profession ns ns ns 

Work Location ns ns ns 

Age (M≤30=100%; M>30,≤40 
=100 %; M>40 =0 %), 
p= 0.0219 

ns ns 

Years of Medical 

Experience 

ns ns ns 

3.3.3 Injection Actual Frequency 

The results from the actual frequency contingency tables for the injection task 

revealed no evidence of effects of the predictor variables on the response measures. Work 

location, task time, and risk factor exposure were not found to be significant in whether 

HCWs performed proper hand sanitation before the task, used gloves correctly during the 

task, followed proper hand sanitation procedures after they disposed of their gloves, or in the 

level of exposure to risk factors during injection observations. 

3.3.4 Injection Perceived Frequency and Severity 

The frequency and severity ratings for the risk factors provided no additional insight 

into the predictors of hygiene. This is due to the fact that the HCWs who were interviewed 

for the injection task, were also interviewed for the venipuncture task. Therefore, the 

predictors had already been analyzed with most of the exact same response measures, except 
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for the risk factor exposure. However, the risk factor exposure levels for the injection task 

were not significantly associated with any of the predictors. 

4 Discussion 

Hand hygiene is vital to maintaining the health of hospital staff and patients alike. 

Although, hand hygiene compliance has been directly linked to HAIs and occupational 

illness, compliance remains low. Numerous studies have been conducted to analyze the 

causes of this complex problem; however, no simple answer has been found. Analyzing hand 

hygiene from a human factors and occupational safety standpoint may provide a valuable 

perspective that can help increase hand hygiene compliance and decrease infection rates. 

From this study, several insights were made by conducting healthcare task analyses, making 

direct observations of HCW performance of venipuncture and injection tasks, conducting 

interviews with phlebotomists and NPs/RNs, and comparing actual and perceived risk data. 

The findings of those steps are discussed below relative to the stated hypotheses. 

Hypothesis 1 stated that the majority of risk factors to hand hygiene compliance were 

expected to appear in multiple literary sources. This was supported by the taxonomy of risk 

factors accumulated from at least six different sources in the literature. The vast majority of 

risk factors overlapped among sources with the most common ones being: “too busy (for 

hygiene) or insufficient time (PS3)” (Centers for Disease Control & Prevention, 2002; 

Barrett & Randle, 2008); “high workload and not time for hygiene (PS5)” (Pittet et al., 2004; 

Pessoa-silva et al., 2005); “sinks are inconveniently located or there is a shortage of sinks 

(S2)” (Centers for Disease Control & Prevention, 2002; D Pittet, 2001); “patient needs take 
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priority over hygiene (T2)” (Centers for Disease Control & Prevention, 2002; Pittet, 2001); 

“wearing of gloves and beliefs that glove use obviates the need for hand hygiene (O7)” 

(Jumaa, 2005; Centers for Disease Control & Prevention, 2002). 

Hypothesis 2 stated that several risk factors in the Extra-Individual risk factor 

category, involving equipment and supplies, were expected to be more prevalent than others 

during the venipuncture and injection tasks, based on the study by Parush et al. (2010). This 

hypothesis was supported in that several of these risk factors had higher observed and 

perceived frequency of occurrence in the tasks. This implies that the most prevalent risk 

factors influencing HCW hygiene are generally out of their control.  Factors in the Extra-

Individual category include specific aspects of the environment and equipment, which can be 

controlled through engineering or administrative controls. Always keeping hand hygiene 

supplies fully stocked or designing more accessible hand hygiene facilities are examples of 

controls. 

Hypothesis 3 stated that based on previous literature for HAIs and preliminary 

observations, those risk factors with high potential for infection include a lack of hygiene 

facilities or supplies, too busy for hygiene or insufficient time and interference with patient 

care. These factors were also expected to contribute to a high risk factor severity and overall 

risk score assuming clinician comprehension (Centers for Disease Control & Prevention, 

2002). Of the factors that were observed to occur most frequently in the tasks, the ones 

ranked with the highest severity did not seem to overlap with the hypothesized risk factors. 

However, the highest severity risk factors rated in this study primarily concern training 

opportunities. These same risk factors were identified by the CDC as currently lacking in 
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healthcare training programs and contributing to hygiene problems (2002). The highest rated 

severity risk factors included: “perceived low risk of inquiring infection from patients 

(PS1)”, “lack of scientific information of the definitive impact of hand hygiene procedures on 

infection rates (J3)”, “HCW disagreement with the recommendations (U11)”, “forgetfulness 

or not thinking about hygiene risks (PS2)” and “lack of knowledge of guidelines and 

protocols (U18).” Another high ranking severity risk factors was “poor skin condition 

(PH1).” Occupational health clinics can help asses and treat poor skin conditions to help 

HCWs stay physically able to continue with proper hand hygiene procedures. The risk factors 

ranked with the highest risk scores largely overlapped those factors identified through the 

severity ratings. Two additional factors with high risk ratings were “lack of soap and paper 

towels (S3)” and “having many opportunities for hand hygiene per hour of patient care (T3).” 

The lack of soap and paper towels is consistent with the hypothesis of lack of hygiene 

supplies, and could be moderated through engineering controls of keeping hygiene products 

fully stocked. 

Hypothesis 4 stated that the perception of risk factors in the injection and venipuncture 

tasks would correspond to the risk factors actually present in the work environment based on 

the conclusions of Parush et al. (2010). Study results revealed differences between risk 

factors phlebotomists and RNs/NPs perceived in their environment and what actually existed 

in the environment. By examining the difference between the actual and perceived frequency 

ratings, it was evident that training of HCWs to appropriately calibrate perceptions of risks, 

including risk factors in the Extra-Individual and Psychological categories, is needed to 

promote hygiene and reduce HAIs. The actual and perceived risk factors were not the same 
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for the various work environments (clinics and labs) and the different healthcare 

professionals. It appeared that risks factors which actually occurred with high frequency, 

including wearing gloves and having many opportunities for hand hygiene, were not 

perceived to be prevalent in the work environment. In general, HCW comprehension of the 

importance of such risk factors in hygiene appears to underestimate actual importance, and 

each of these risk factors represent potential points of training. Conversely, HCWs appear to 

overestimate the importance of risk factors to hygiene, including inconveniently located or 

shortage of sinks, lack of soap and paper towels, and several physiological factors, relative to 

actual frequency of exposure. These factors also represent points of training to appropriately 

calibrate HCW perceptions and to place greater emphasis on more critical factors in infection 

control. Some risk factor groups also revealed negative correlations of actual and perceived 

frequency of occurrence. This could mean HCWs perceived there to be other risk factors in 

the environment, which were not directly observed in the study. 

Hypothesis 5 stated that previously identified predictors to hand hygiene compliance, 

including work location and risk factor exposure, were expected to be associated with actual 

hand hygiene compliance among the observed HCWs. From the statistical analyses, 

predictors such as work location and risk factor exposure were found to be useful in 

predicting hand hygiene compliance. For work location, the clinics (Occupational Health 

Clinic and Outpatient Clinic) had lower hand hygiene compliance rates and higher risk factor 

exposure in venipuncture and injection task performance than the Phlebotomy Lab. One 

reason contributing to the lower compliance could be less standardized procedures in the 

clinics. Most surprisingly, increased risk factor exposure had a negative association with 



 

 70

correct glove use (glove use decreased with greater risk factors). However, this suggests that 

high workload and time pressure (not time on task), for example, may lead to HCWs taking 

“short cuts” in task performance. 

Hypothesis 6 stated that predictors to hand hygiene compliance were expected to be 

associated with perceived severity of outcomes of risk factor exposure as well as the 

frequency of occurrence. This study showed that increased age was associated with getting 

sick less. Although, this contradicts the findings of Kumar & Burns (2008) that as age 

increases, immunity decreases. This can be attributed to the fact that older HCWs could have 

more experience; therefore, they may be more effective at protecting themselves from 

contracting an infection. Types of experience are also an important factor to consider. It is 

also possible that experienced HCWs may not see the risk of noncompliance due to not 

getting sick. 

 For future analysis, it is recommended that the list of risk factors to hand hygiene 

identified from the literature, be refined based on the observations, analysis, and inferences 

from this study. Revisions of the risk factor list could be beneficial to future studies in the 

area of hand hygiene. Such revisions are listed below: 

1. Divide risk factor 1.e. (limited types, tolerance, and accessibility of hand hygiene 

agents) into two categories:  

a. Limited types and accessibility of hand hygiene agents (Pessoa-silva et al., 

2005) 

b. Lack of skin tolerance to hygiene agents (Pessoa-silva et al., 2005) 

i. Move risk factor to Physiological category. 
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2. Remove risk factor 1.g. (lack of hygiene facilities) from list due to redundancy with 

preceding factors. 

3. Include more specific information about risk factor 1.h. (time of day or week) based 

on the literature to make it more than a predictor variable. 

4. Move risk factor 1.i. (no hygiene role model from colleagues or superiors) to the 

Intra-Individual category. 

5. Change wording of risk factor 2.c. (having many opportunities for hand hygiene per 

hour of patient care) to clarify meaning of risk factor. Change wording to “having 

many opportunities for contamination per hour of patient care.” 

6. Move risk factor 3.h. (understaffing or overcrowding) to the Extra-Individual: 

Situational category. Divide 3.h. into two risk factors: 

a. Understaffing (Centers for Disease Control & Prevention, 2002) 

b. Overcrowding (Centers for Disease Control & Prevention, 2002) 

7. Take the phrase “wearing of gloves” out of risk factor 5.i. (wearing of gloves and 

beliefs that glove use obviates the need for hand hygiene) and move to the Extra-

Individual: Task and equipment characteristics category. 

a. Wearing gloves (Jumaa, 2005; Centers for Disease Control & Prevention, 

2002) 

8. Move risk factor 6.c. (lack of scientific information of definitive impact of improved 

hand hygiene on HAI rates) to the Intra-Individual category. 
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5 Conclusions 

5.1 Recommendations  
 

Based on these above inferences, this study provides a basis for design of 

administrative and engineering controls for promoting hygiene among HCWs. The 

relationships identified between actual hand hygiene risks and perceived risks, or the lack 

thereof, can be used as a basis for training program and warning design, at the very least. 

Several recommendations can be made based on the observations, interviews, and 

analyses conducted in this study. Starting with the Extra-Individual risk factors, several 

factors found to be prevalent through the analysis included features of the environment 

surrounding HCWs. Some of these risks can be mitigated by engineering or administrative 

controls. For example, ensuring hand hygiene supplies remain fully stocked and hand 

hygiene facilities are accessible, represent engineering controls. During observations, 

hygiene supplies were not stocked properly 8% of time, leading to a lack of hygiene 

compliance. Four percent of the time hygiene facilities were inaccessible. However, this is a 

limited sample size. Further data collection and analysis is needed to assess the problem of 

hygiene inventory stocking, including analyzing each individual hygiene supply dispenser for 

frequency of use and hygiene facility access. An example of making hygiene convenient is to 

include hygiene supplies and facilities in patient rooms. This could lead to increased 

compliance; however, there is a need to consider tradeoffs between centralized versus 

decentralized supplies from an inventory and stocking standpoint. These controls could help 

eliminate risk factors, including lack of access to hand rub solution or lack of soap and paper 

towels. For instance, in the Outpatient Clinic, the sink in the procedures room, where the 
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venipuncture was conducted, had equipment stored in front of it, which completely blocked 

access to hand washing. Other Psychological risk factors, such as high workload, 

understaffing and overcrowding can generally be controlled by administrative controls of 

scheduling.  Risk factors such as perception of no immediate consequence of lack of hygiene 

need to be addressed by staff training and warnings regarding HAIs.   

Staff training recommendations can apply to all types of HCWs involved in this 

study. In general, awareness of risk factors could be monitored in HCWs. Concentration on 

specifics of hand hygiene procedures as well as perceptions and beliefs about hand hygiene, 

could help asses training effectiveness. Such practice could reveal some unobservable risk 

factors such as a lack of knowledge of guidelines and procedures; skepticism regarding the 

value of hand hygiene; disagreements with hygiene recommendations; attitudes towards hand 

hygiene before and after patient contact; or differences in educational background. Some 

staff may not know the procedures hospitals require, or may know the procedures but 

disagree with them because of previous beliefs or task feasibility. It is also possible that some 

HCWs have not been provided formal training on hygiene procedures since they were in 

school. Although guidelines have changed over time, they could still be practicing what they 

had learned many years ago. Also, there can be common misconceptions or beliefs about 

hospital and CDC requirements for hand hygiene. In depth staff training should be used to 

point out hygiene elements of SOPs for specific tasks.  

Focusing on SOPs, during the course of this study, SOPs for the venipuncture and 

injection tasks, which included hand hygiene steps, were extremely difficult to find in the 

clinics. Several employees of the collaborating hospital, practicing HCWs, and a hospital 
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librarian could not find the SOPs through the facility library or online protocol system. For 

those procedure documents that were found, some did not identify hygiene steps among task 

steps. Standard operating procedures should be easily accessible, easily to find, or not hidden 

in complex software that HCWs are not trained to use. All SOPs for medical procedures 

should also integrate hygiene protocols among task steps. 

Opposite to the clinics, the Phlebotomy Lab had the SOPs and procedure flow charts 

for the venipuncture task readily available, laminated, and visible at each workstation. The 

Phlebotomy Lab also had the highest hand hygiene compliance rate observed in the study. 

The other clinics should consider the Phlebotomy Lab practices, including visible flow 

charts, highly standardized procedures, administrative leadership for compliance, and 

extensive task training in hand hygiene. 

From direct observations on task procedures, work environments, and review of 

SOPs, it appears that an understanding of what constitutes a clean work environment versus 

the patient’s environment is vital to maintaining sanitary conditions in the workplace. Maps, 

pictures, or color coding of the boundaries of work environments might be helpful for HCWs 

to maintain awareness of environments in which hygiene protocols need to be followed. Such 

environment coding could help prevent contamination of clean environments while working 

with contaminated hands. This could also help with cleaning procedures to ensure the 

patient’s environment, or a contaminated environment, is completely cleaned after the patient 

leaves. Feedback on hygiene compliance could be beneficial to increasing HCWs compliance 

with hygiene steps; however, there can be challenges with designing the right type of 

feedback that would be most effective. Many different initiatives for hand hygiene could be 
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tested along with the other hand hygiene programs identified above, to assess compliance 

rates (see Future Research section below). 

6 Limitations	
 

This research study was restricted by a limited amount of time for data collection based 

on travel funding for the project. It was also limited by restrictions on observations of clinical 

procedures, as well as a finite number of available medical professionals working in the 

clinics under study. A limited number of different medical professionals were able to be 

observed and interviewed, including the male gender. A larger investigation is needed for 

statistical reliability in results. Another limitation was that the medical professionals were 

aware of the research project focus on hand hygiene during injection and venipuncture tasks 

and, therefore, might have been more responsible in their hygiene behavior during 

observation as compared with actual task performance. 

6.1 Future Research 

Future research should include an increased sample size. Replicating this study with 

other medical tasks, which are performed on a frequent basis in outpatient clinics, diagnostic 

labs, and in diverse locations, would be beneficial to study. Studies should focus on 

individual high risk tasks, examining them for specific risk factors which influence overall 

compliance levels and formulating potential controls. Scrutinizing common practices and 

noncompliance could provide valuable insight in future studies. For example, several HCWs 

in multiple locations were observed only using one glove to perform venipuncture. This is a 
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good example of the need to study common practices of HCWs in order to determine why 

they are not following protocol. If there is a complication with the feasibility or ease of 

performing the task, task or workload design should be considered to increase compliance 

with proper hand hygiene procedures. 

 The analysis should include all different types of medical professionals, especially 

those working in generally lower compliance areas such as surgery, anesthesiology, 

emergency medicine, and intensive care units, as well as with different levels of experience. 

The type of training of HCWs should be considered as a predictor of hygiene compliance. In 

future studies, the medical professionals being observed should not be aware of the observer 

or his/her objectives (if at all possible through institutional review board approval). Such 

study should also consider additional predictors of noncompliance such as: time of day or 

day of the week. Studying the use of hand sanitizer versus the use of sinks, related to 

compliance, could be beneficial. Collecting more subjective information from the HCWs 

observed in task performance would also be helpful. Observing how HCWs actually perform 

hand hygiene and making comparisons of actual behaviors against SOPs and, subsequently, 

interviewing them about why they did or did not perform specific task or hand hygiene steps 

would provide significant insight into risk factor exposure. Medical professionals should also 

be interviewed more specifically about unobservable risk factors. For example, asking 

questions such as, “Do you think there is institutional priority for hand hygiene?” or “Do you 

agree with the institutional procedures and guidelines for hand hygiene? Why or why not?” 

Such questions might provide opportunities to identify gulfs between existing hand hygiene 

protocols and staff perceptions and beliefs. Interviews could be supplemented with a focus 
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group to identify why problems in hygiene occur and find potential solutions to help increase 

compliance. This would provide further direction for defining the overarching purpose and 

meaning of hygiene training programs. 
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Appendix A: A. D Swain’s Representative List of Factors that Shape Human 
Performance 

PERFORMANCE SHAPING FACTORS 
 
 

Extra-individual 
Situation characteristics 

Temperature, humidity, air 
quality 
Noise and vibration 
Degree of general cleanliness 
Manning parameters 
Work hours/work breaks 
Availability/adequacy of 
supplies 
Actions by supervisors 
Actions by coworkers and 
peers 
Actions by union 
representatives 
Rewards, recognition, benefits 
Organizational structure (e.g., 
authority, responsibility, 
communication channels) 
 
Task and equipment 
characteristics    
Perceptual requirements 
Anticipatory requirements 
Motor requirements (speed, 
strength, precision) 
Interpretation and decision 
making 
Complexity (information load) 
Long- and short-term memory 
Frequency and repetitiveness 
Continuity (discrete vs 
continuous) 
Feedback (knowledge of 
results) 
Task criticality 
Narrowness of task 
Team structure 
Man-machine interface factors: 
design of prime equipment, job 
aids, tools, fixtures. 
 
 
 
 

 
 
 
Psychological stresses                      
Task speed 
Task load 
High jeopardy risk 
Threats (of failure, loss of job) 
Monotonous, degrading or 
meaningless work 
Long, uneventful vigilance 
periods 
Conflicts of motives about job 
performance 
Reinforcement absent or 
negative 
Sensory deprivation 
Distractions (noise, glare, 
movement, flicker, colour) 
Inconsistent cueing 
 
 
 
Physiological stresses 
Fatigue 
Pain or discomfort 
Hunger or thirst 
Temperature extremes 
G-force extremes 
Atmospheric pressure 
extremes 
Oxygen insufficiency 
Vibration 
Movement constriction 
Lack of physical exercise 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Intra-individual 
(Organismic) Factors 
Previous training/experience 
State of current practice or 
skill 
Personality and intelligence 
variables 
Motivation and attitudes 
Knowledge of required 
performance standards 
Physical condition 
Influence of family and other 
outside persons or agencies 
Group identifiers 
 
 
 
 
 
 
 
Job and task instructions 
Procedures required 
Verbal or written 
communications 
Cautions and warnings 
Work methods 
Shop practices 
 
 
 
 
*Swain, A. D; Sandia Human 
Factors Program for Weapon 
Development; SAND76-0326, 
Sandia Laboratories, 
Albuquerque, New Mexico. 
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Appendix B: Risk Factor Frequency Observation Form 
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Appendix C: Background Survey 
 #_____________ 

 
Background Survey 

 

Sex:  Female   Male 

Age: ___________ 

Profession: ______________ 

Year of graduation from professional degree: ________________ 

How often do you report work injuries?_____________________ 

How often do you get sick from your patients?______________________ 
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Appendix D: Perceived Injection Frequency Survey 
 

Please mark the following risk factors to hand hygiene which occur in the injection task: 
1.  Extra –Individual:  Situational characteristics 

 Automated sink  
 Sinks are inconveniently located/shortage of sinks  
 Lack of soap and paper towels  
 Uneasy access to hand-rub solution 
 Lack of skin care promotion and agents  
 Lack of hand hygiene facilities  
 Time of day or week  
 No role model from colleagues or superiors  
 Lack of institutional priority for hand hygiene 
 Lack of active participation in hand-hygiene promotion at individual or 

institutional level 
 Lack of administrative sanction of noncompliers/rewarding compliers 
 Lack of institutional safety climate 
 Lack of administrative leadership, sanctions, rewards, and support  
 Lack of atmosphere of compliance  
 No awareness of being observed  
 Working during the week (versus the weekend) 

 
2. Extra –Individual : Task and equipment characteristics 

 Working in an intensive care unit (ICU)  
 Patient needs take priority 
 Having many opportunities for hand hygiene per hour of patient care 
 Hospital ward  
 Lack of performance feedback  

 
3. Psychological stresses 

 Low risk of acquiring infection from patients 
 Not thinking about it/forgetfulness 
 Often too busy/insufficient time 
 Hand hygiene interferes with health-care worker relationships with 

patients 
 High workload  
 Activities associated with a high risk for cross-transmission 
 Skepticism regarding the value of hand hygiene 
 Disagreement with the recommendations 
 Understaffing/overcrowding 
 Perception of no immediate consequences 



 

 85

 

 

Appendix D: Perceived Injection Frequency Survey 

4. Physiological stresses 
 Poor skin condition 
 Hand washing agents cause irritation and dryness 

 
5. Intra-Individual: (Organismic) Factors 

 Certain technical medical specialties (surgery, anesthesiology, emergency 
medicine, and intensive care medicine)  

 Physician status (rather than a nurse) 
 Nursing assistant status (rather than a nurse) 
 Male sex 
 Face or hair toucher 
 Professional activity 
 No belief of being a role model for other colleagues 
 A negative attitude toward hand hygiene after patient contact 
 A negative attitude toward hand hygiene before patient contact 
 Wearing of gloves/beliefs that glove use obviates the need for hand 

hygiene 
 Lack of knowledge of guidelines/protocols 
 Training or educational background different from institutional protocols 

 
6. Job and task instructions 

 Clinical procedure 
 Lack of written guidelines 
 Lack of scientific information of definitive impact of improved hand 

hygiene on health-care–associated infection rates 
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Appendix E: Perceived Venipuncture Frequency Survey 
 
Please mark the following risk factors to hand hygiene which occur in the venipuncture task: 

1. Extra –Individual:  Situational characteristics 
 Automated sink  
 Sinks are inconveniently located/shortage of sinks  
 Lack of soap and paper towels  
 Uneasy access to hand-rub solution 
 Lack of skin care promotion and agents  
 Lack of hand hygiene facilities  
 Time of day or week  
 No role model from colleagues or superiors  
 Lack of institutional priority for hand hygiene 
 Lack of active participation in hand-hygiene promotion at individual or 

institutional level 
 Lack of administrative sanction of noncompliers/rewarding compliers 
 Lack of institutional safety climate 
 Lack of administrative leadership, sanctions, rewards, and support  
 Lack of atmosphere of compliance  
 No awareness of being observed  
 Working during the week (versus the weekend) 

2. Extra –Individual : Task and equipment characteristics 
 Working in an intensive care unit (ICU)  
 Patient needs take priority 
 Having many opportunities for hand hygiene per hour of patient care 
 Hospital ward  
 Lack of performance feedback  

3. Psychological stresses 
 Low risk of acquiring infection from patients 
 Not thinking about it/forgetfulness 
 Often too busy/insufficient time 
 Hand hygiene interferes with health-care worker relationships with 

patients 
 High workload  
 Activities associated with a high risk for cross-transmission 
 Skepticism regarding the value of hand hygiene 
 Disagreement with the recommendations 
 Understaffing/overcrowding 
 Perception of no immediate consequences 
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Appendix E: Perceived Venipuncture Frequency Survey 

4. Physiological stresses 
 Poor skin condition 
 Hand washing agents cause irritation and dryness 

5. Intra-Individual: (Organismic) Factors 
 Certain technical medical specialties (surgery, anesthesiology, emergency 

medicine, and intensive care medicine)  
 Physician status (rather than a nurse) 
 Nursing assistant status (rather than a nurse) 
 Male sex 
 Face or hair toucher 
 Professional activity 
 No belief of being a role model for other colleagues 
 A negative attitude toward hand hygiene after patient contact 
 A negative attitude toward hand hygiene before patient contact 
 Wearing of gloves/beliefs that glove use obviates the need for hand 

hygiene 
 Lack of knowledge of guidelines/protocols 
 Training or educational background different from institutional protocols 

6. Job and task instructions 
a. Clinical procedure 
b. Lack of written guidelines 
c. Lack of scientific information of definitive impact of improved hand 

hygiene on health-care–associated infection rates 
 

 
 

 


