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Abstract 

Personal hygiene is a significant risk factor that contributes to foodborne illness. 

Appropriate handwashing behaviors can significantly reduce this risk. However, it has 

been proved that knowledge-based training alone is insufficient to trigger preventive 

practices. A new food safety training approach that can directly influence employees’ 

behavior is strongly recommended. The main objective of this study was to investigate 

the effectiveness of behavior-based food safety training to increase the level of proper 

performance of handwashing practices. Nine critical behaviors that would effectively 

prevent and control food safety hazards were identified. A three phase intervention 

design study was conducted. A Baseline phase was completed to rate the level of 

handwashing behaviors performed by the employees prior to the intended intervention. 

An online knowledge-based training emphasizing habitual handwashing behaviors was 

presented to employees. Following training, a motivational intervention consisted of 

weekly feedback, goal setting, and a motivational soap dispenser was introduced to help 

transfer leaning to the work place and develop habitual correct handwashing behaviors. 

Results indicated that knowledge-based training alone failed to improve employees’ 

handwashing performance, especially when employees had multiple work tasks 

simultaneously. Whereas, the behavior-based training approach was effective in 

improving employees’ handwashing performances. The proper rates of all the behaviors 

that could prevent and control food safety hazard were significant increased during the 

Motivational Phase.  
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CHAPTER I  

 

Introduction 
 

Background  

Foodborne illness is a major cause of personal distress, avoidable economic burden 

and preventable death (Food and Drug Administration [FDA], 2011). The Center for 

Disease Control and Prevention (CDC) uses the term foodborne illness to describe any 

disease that is carried or transmitted to human beings by food or beverage (CDC, 2013). 

It is estimated that 48 million people get sick annually because of foodborne illness, 

which is roughly one sixth of the United States (U.S.) population. Among these people, 

approximately 128,000 are hospitalized and 3,000die of foodborne diseases (Scallan et al. 

2011). The estimated annual economic costs related to foodborne illness are 

approximately $77 billion (Scharff, 2011). Therefore, foodborne illness is an urgent 

problem that threatens the health of people and generates significant social economic 

losses.  

In one surveillance report, more than 50% of reported cases of foodborne illness 

were attributed to unsafe practices in the food service industry (Olsen, et al. 2001). 

Within these cases, 97% of foodborne illness outbreaks were caused by mishandling the 

food with in the preparation process (Greig, Barleson, Michaels, 2007).  

Additionally, the FDA reports revealed that poor personal hygiene is a significant 

risk factor (40.9%) that may lead to foodborne illness. (FDA, 2009.) Appropriate 

handwashing behavior can improve personal hygiene significantly and reduce this risk. 

Handwashing and disinfection is considered an important step in preventing the spread of 
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infectious disease (Guzewich and Ross, 1999).  Larson concluded that the evidence 

strongly supports a causal relationship between handwashing and infection control 

(1988).  Hence, improving handwashing behavior in terms of both frequencies and 

appropriate steps is essential. 

Even though absolute food safety is most likely unattainable, the foodservice 

industry should continually strive for this goal while maintaining quality. In general, food 

handler training is seen as one strategy whereby food safety can be increased, offering 

long-term benefits to the food industry (Smith 1994). However, current knowledge-based 

training may not be enough to ensure or change certain safety behaviors. Theoretically, 

knowledge alone is insufficient to trigger preventive practices (Tones &Tilford, 1994). 

Powell, Attwell and Massey demonstrated that there is no relationship between the 

knowledge level of staff and their inspection rating (1997). More training approaches 

may be needed by the foodservice industry to control staff personal hygiene behavior and 

reduce the risk of foodborne illness outbreaks. 

Statement of the Problem  

Since there may be difficulties in translating theory into improved food handling 

behavior , the training method that can directly influence employee behavior and ensure 

that food safety behaviors are automatic and habitual is strongly required (Riben, et al. 

1994a). Behavior –based training may solve this issue. Behavior based training is a 

specialty area within the field of Organizational Behavior Management, a field based on 

the application of the principles of Applied Behavior Analysis. Attention is focused upon 

what workers do on the job (behavior) and the contingencies of reinforcement 

(antecedents and consequences) that support or discourage safe behavior (Krause, 1994). 
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The behavior-based approach has been successfully utilized in many industries, such as 

the plastic and paper industries.  In addition, the development of this technology provides 

more convenient methods to observe and analyze employees’ behaviors, which makes it 

possible to implement behavior-based safety training method for industry use (Chhokar& 

Wallin, 1984). The integration of modern technology and behavior-based safety training 

method can help target critical behaviors that have a high probability of contribution to 

foodborne illnesses and change the unsafe hand washing behaviors in practice. 

Research Objectives/Question  

The objectives of this research are to: 

1.  Investigate the effect of behavior-based safety training as a method to increase the level 

of correct behavior of handwashing in a university restaurant. 

2. Design a behavior-based food safety training model based on the theory of applied 

behavior analysis. 

3. Introduce the behavior-based training systematically, which includes theory, 

methodology and approach to practice. 

4. Define the handwashing behaviors in operation that can prevent food safety hazards. 

 

Justification 

Behavior-based training, which is successfully used in many industries, has been proven 

to modify unsafe behaviors and strengthen safety behaviors. Since the traditional and 

widely used knowledge-based training is not efficient by itself to improve operational 
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food safety, behavior-based training integrated with modern technology may help the 

foodservice industry prevent foodborne illness in a more effective approach. Moreover, if 

behavior-based training is proven to be effective in this study, it can also deliver practical 

training and management processes that can help managers and supervisors in the 

foodservice industry build up food safety culture. 

Delimitation 

1. Sample and plant: this study applies the training approach in a university owned, 

student-managed restaurant. Hence, all the employees are college students. The study 

only investigates the impact of behavior-based safety training on one certain population. 

This means the results of the study may not be generalizable to other workplaces.  

2. Length of intervention: length of observation is another delimitation of this study. 

Evaluation of training can be a relatively long process. Retention of a training approach 

can be an essential part of the training evaluation. However, the observation period of this 

study was only eight weeks. This observation intervention may be too short for 

evaluating retention of training impact. Hence, this study mainly focuses on the impact of 

training during the training intervention. 
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Definitions of Terminology 

1. Antecedent: An event triggers or elicits an objectively observable behavior (Krause, et 

al.) 

2. Behavior: An observable act that can be measured and that produces an outcome (Krause, 

et al.) 

3. Consequence: Any event that follows from an antecedent-triggered observable behavior 

(Krause, et al.) 

4. Foodborne illness: a disease that is carried or transmitted to human beings by food or 

beverage (CDC,2013) 

5. Training: a planned process to modify attitude or skill behavior through learning 

experience to achieve effective performance in an activity or range of activities 

(Manpower Services Commission, 1981). 
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CHAPTER II 

Literature Review 

Food Safety Hazards 

Under the Hazard Analysis Critical Control Point (HACCP) System guidelines, a 

food safety hazard is any biological, chemical, or physical property that may cause a food 

to be unsafe for human consumption. Chemical hazards include cleaning chemicals, 

pesticides, and drug residues (USDA, 2005). Microbiological hazards are bacterial, viral, 

parasites and fungi (FDA, 2012). Wolf surveyed in nine federal agencies and food 

processors and both groups concluded that microbiological hazards were the greatest 

food safety concern (1992).. Chemical hazards pose risks by the level of a chemical 

substance in a food, whether a naturally occurring toxinm, a pesticide residue, or an 

environmental contamination (Ames, Magaw, & Gold, 1987). Physical hazards are those 

caused by direct interaction with mechanics of the work environment. 

Behavior Hazardous to Food. Among all these food safety hazards (physical, 

chemical and biological), there are several that are highly likely to contribute to 

foodborne illness outbreaks. Bryan (1988) investigated the articles in public health, 

medical, and food science journal from 1961 to 1983 and found that the factors that are 

most likely to contribute to foodborne illness included (a) Improper cooling, (b) Laps of 

12 or more hours between preparing and eating, (c) Colonized (infected) person handling 

implicated food, (d) Incorporating contaminated raw food into foods that received no 

further cooking, (e)Inadequate cooking/canning/heat processing, (f) Improper hot 

holding, (g) Inadequate reheating, and (h) Obtaining food from an unsafe source. 

Similarly, the FDA conducted a stud investigating foodborne illness risk factors in 
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selected institutional foodservice, restaurant, and retail food store facilities from 1998 to 

2009. The out of compliance percentages remained high for data items related to the 

following risk factors: (a) Improper holding/time and temperature, (b) poor personal 

hygiene, and(c) contaminated equipment/protection from contamination (2009). For the 

improper holding/time and temperature risk factor, the high percent out of compliance 

values were most commonly associated with improper cold holding of potentially 

hazardous food (PHF)/temperature control for safety (TCS) food and inadequate date 

marking of refrigerated, ready-to-eat PHF/TCS food. Of the data items related to the 

contaminated equipment/protection from contamination risk factor, improper cleaning 

and sanitizing of food-contact surfaces before use was the item most commonly observed 

to be out of compliance in eight out of the nine facility types. Within the poor personal 

hygiene risk factor, the proper, adequate handwashing data item had the highest percent 

out of compliance value for every facility type. 

Handwashing 

As previously stated, inadequate handwashing is one of the highest potential risk 

factors contributing to foodborne illness. It is generally accepted that the hands of food 

handlers are an important vehicle of food cross-contamination and that improved 

personal hygiene and scrupulous hand-washing would contribute to the basic control of 

feces-to-hand-to-mouth spread of potentially pathogenic transient microorganisms 

(Shojaer, Shooshtaripoor, & Amiri, 2005). This study proved that poor hygienic practice 

was a serious problem by comparing the percentage of contaminated hands of food 

handlers pre and post the handwashing.  Allowood et al. (2004) also concluded that 

handwashing is essential for retail food establishment (RTF) workers to prevent 
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foodborne illness. Moreover, Sobel et al. (1998) conducted a randomized controlled 

intervention trial among 83 vendors and found that compared to the baseline data, after 

improving handwashing, there is a significant decrease in total coliform and fecal 

coliform bacteria in samples of stored water and beverages sold by vendors (1998). 

Handwashing is essential to prevent foodborne disease because it is an effective 

way to reduce the number of bacteria on hand. Handwashing is important for a diarrheal 

disease prevention measure based on Curtis and Cairncross’s research (2001). They 

found that the relative risk of diarrheal disease associated with not washing hands from 

the intervention was 95%, while handwashing with high quality soap can reduce the risk 

by 47%. Except for preventing diarrheal disease, handwashing is also effective in 

preventing respiratory illness (Ryan, 2001). Ryan used clinical record from 1996 through 

1998 and conducted a supplemental survey to assess self-reported respiratory illness and 

compliance with the handwashing program and found a 23 % reduction in total outpatient 

visits for respiratory illness after implementing the handwashing program.  

In terms of handwashing techniques, several aspects were discussed in previous 

studies. Many studies on handwashing focus on alcohol vs. soap. Recent research showed 

that both alcohol based handwashing and soap and water handwashing can significantly 

reduce viral counts on hands (Larson et al.2013). Also, Boyce et al. (2006) proved that 

there is no association between the increasing use of alcohol-based hand rub and 

increased incidence of Clostridium difficile-associated disease (CDAD). In terms of the 

efficacy of soap and water (SW) and Alcohol-based hand rub (ABH), Grayson et al. 

(2006) proved that handwashing with soap and water and with alcohol-based hand rub 
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are both highly effective in reducing the influenza A virus on human hands. However, 

handwashing with soap and water is the most effective intervention.   

In multiple studies, the effect of water quality on hand washing was investigated 

(Smith et al. 2002, Heal et al. 2003). These studies examined the water source and 

possible contaminates that infiltrate the scrubbing process and emphasize that water 

quality is essential for handwashing effectiveness.  Other studies tried to identify hand 

and skin bacteria flora within different settings (Larson et al.2000, Pancholi et al.2005), 

Larson et al. tested the ability of scrubbing time to reduce microbial counts. Hand-

washing techniques described in scientific journal articles were poorly defined with 

conflicting information found concerning on water flow direction and the hand positions 

for surgical scrub, social and hygienic hand washers (Smith, 2008).  

Many articles outlined a hand-washing technique based on the framework 

described by Feldman (1969). He used the principles of “clean” and “dirty” for a social or 

hygienic handwashing. Also, hand position and water flow direction were important in 

Feldman’s criteria.  Larson et al. evaluated Feldmans’s criteria by evaluating health 

workers handwashing and concluded that the evidence strongly supports a causal 

relationship between handwashing and infection control. Conroy (1995) using a 

predetermined protocol tested three hand positions (hands up, hands down and hands 

lateral) and reported that  there were no significant difference in microbial counts 

depending on different hand positions. However, Wilson et al. reported the water stream 

in a social hand wash should flow from above hands towards fingertips with the 

justification of this being clean to dirty with the converse being recommended for a 

surgical scrub technique. 
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Several studies focused on the evaluation of handwashing behaviors and 

handwashing policies (Smith, 2008, Vindigni, 2011). The standard for handwashing 

behavior was indicated in FDA Food code 2013 (FDA, 2013): 

Food employees shall use the following cleaning procedure in the order stated to 

clean their hands and exposed portions of their arms, including surrogate prosthetic 

devices for hands and arms: 

(1) Rinse under clean, running warm water; 

(2) Apply an amount of cleaning compound recommended by the cleaning 

compound manufacturer; 

(3) Rub together vigorously for at least 10 to 15 seconds while: 

(a) Paying particular attention to removing soil from underneath the 

fingernails during the cleaning procedure, and  

(b) Creating friction on the surfaces of the hands and arms or surrogate 

prosthetic devices for hands and arms, finger tips, and areas between the fingers; 

(4) Thoroughly rinse under clean, running warm water; and  

(5) Immediately follow the cleaning procedure with thorough drying using a 

method as specified; 

Though handwashing standards have been established for years, insufficient and 

inadequate handwashing by employees in the food service industry is still a well-known 

contributing factor to foodborne illnesses (Guzewich& Ross, 1999). The FDA identified 

employees’ self-reports of hand hygiene behavior as complying with FDA Food Code 

recommendations less than 30% of the time (2005). Also, Green, et al. (2005), using 
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telephone interviews, found the average number of times hands are washed in an 8-hour 

shift is about 16, which is significantly lower than the benchmark of FDA Food Code. In 

an interview conducted by Allwood et al. (2004), only 52% of the employees interviewed 

were able to describe the handwashing procedure that is identified in the FDA Food Code 

correctly.  

Several studies included observations of handwashing practices in work areas. In an 

FDA report concerning illness risk factors in restaurant and retail store facility types, 

researchers found that only 34% of the employees observed were compliance with FDA 

Food Code (FDA, 2005). Green et al. (2007) conducted an observational study of 

handwashing of restaurant employees in six states. They revealed that only 32% of 

handwashing behaviors were in compliance with the FDA Food Code recommendations 

only 27% of the time. Paez et al. (2006) proposed benchmarks specify that employees 

should wash their hands a minimum of six times per hour during production and 11 times 

per hour during service based on a 30 hour direct observation in five deli stores. Since 

handwashing is such an important procedure to prevent foodborne illness outbreaks and 

handwashing behaviors by foodservice employees do not comply with FDA standard, 

better handwashing training is required to solve these issues.  

Food Safety Training.  

Overlook of Food Safety Training. The Manpower Services Commission (1981) 

defined training as a planned process to modify attitude or skill behavior through learning 

experience to achieve effective performance in an activity or range of activities. Training 

is planned when performance or needs assessment identify deficits in knowledge or 
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skills. A well-planned training program is ongoing, comprehensive and designed to meet 

the performance expectations of the job (Renard, 1990, Bartz, Schwandt & Hillman, 

1989). Many researchers identified the benefits of training programs. Finch (1981) 

concluded that training is associated with a greater likelihood for employee advancement 

and promotion, which is associated with greater job satisfaction. Moreover, well-trained 

employees can have higher self-esteem and greater job performance and may have 

greater job commitment (Woods, 1989). Griffith and Krause also report strong 

correlation between training and lower rates of turnover (2004). 

Training is also essential for the effective delivery of quality and safe food service 

products (Cluskey & Messersmith, 1991). However, previous studies revealed that 

training alone is not effective in the foodservice industry (Snyder, 1990, Krause, Hidley, 

& Hodson, 1990). Based on a survey of four noncommercial segments of the foodservice 

industry, Cluskey and Messersmith identified the three most frequent training problems 

across all facility types , which were low motivation, lack of skills, and low productivity 

(1990). They considered that training is not addressing these issues. In addition, training 

provided without specific reinforcement techniques to maintain performance on the job 

may not be successful. 

Evaluation of Training. Evaluation is integral to the  training cycle, providing 

feedback on the effectiveness of the  methods  used,  checks  the achievement  of  the 

objectives set by both the trainer and trainee and assess whether the needs originally 

identified  have  been  met (Bramley, 1996). How to evaluate the effectiveness of training 

is essential. Berger et al.（1993）stressed the need for a strengthening training through 
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verification of employee’s skills and an evaluation of employee’s performance in 

accordance with organizational needs. 

Broadly, there are three training evaluation models: process models, hierarchical 

models, and mediational models (Landers& Callan, 2012). Alvarez, Salas, and Garofano 

(2004) developed the process model of training evaluation and effectiveness. This model 

focuses on the training designer’s role in evaluation, describing elements of the decision-

making process. The hierarchical model proposed by Kirkpatrick (1976) is the most 

influential model of training evaluation. Kirkpatrick (1967) identified the criteria that 

used for evaluating the effectiveness of a training program which include (a) reaction to 

training, knowledge, (b) knowledge acquisition, (c) changes in job-related behavior and 

performance and (d) improvements in organizational-level results. Other research 

continued to investigate training effectiveness based on Kirkpatrick’s model. Mathieu et 

al. (1990) reported a significant relationship between learning and subsequent 

performance. They also found that training motivation was positively related to learning 

among those individuals who reacted positively to the training; that is trainee reactions 

moderated the relationship between motivation and learning. Mediational models 

represent a blend of process and hierarchical models (Noe & Schmitt, 1986). This model 

tends to be the most balanced between explanatory power and simplicity because it 

incorporates both process oriented components and detail-oriented hierarchical 

components.   

Current Food Safety Training. Many studies focused on food safety training 

because training is thus considered the most important way to prevent or mitigate food 

contamination risks by adjusting the practices of handlers and improving their skills. 
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Various training methods were implemented in food safety training practice. 

Some studies use audiovisual resources as the training method. Pollitt (2008) 

blended e-learning, which is interactive media and classroom-based tutorials and 

implemented this training program at the Whitebread Corporation, which employees 

35,000 people and manages hotels, restaurants and coffee shops. After a three-year study, 

the researcher concluded that using this training method provides a flexible learning 

environment and is cost-efficient. Dipietro (2008) analyzed the return on investment of a 

managerial training program in 24 restaurants of a quick service hamburger restaurant 

chain in Midwestern U.S. She used three training methods: classroom training, on-job-

training and interactive media training. She proved that positive changes occurred in the 

organization because of the training used, while there was no significant difference 

between three training method.  Capunzo et al. (2005) used a group, face-to-face lesson 

with audiovisual support, consisting of slides with, if possible, animated images and 

comic strips to enhance the HACCP knowledge of employees on a mechanic ship of 

Salerno. 

Danchaivijitr et al. (2005) gave a lecture and distributed handouts concerning the 

acquisition of pathogens to more than 200 workers in a hospital in Thailand from 2002 to 

2004, however, the lecture and handouts failed to make any improvement preventing 

pathogens. Salazar et al. (2006) implemented a training session about HACCP in a 

university café using a food safety presentation, an accompanying workbook, four-color 

posters, a magnet, a thermometer, and a box of disposable gloves. All the training 

materials were developed at Southern Illinois University Department of Public Health. 
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The results of research showed there was a significant improvement for food safety 

knowledge  

Some studies used new training method like hand-on activities. Lillquist, McCabe, 

and Church (2005) conducted experiments on 66 food handlers.  All of them received the 

same lecture/video presentation, while 22 food handlers received an additional interactive 

training component, which was hands-on and interactive.  Results revealed that 

participants involved in the interactive training had statistically significant better test 

performances both on the day of training and on the two-week retest. 

Deficiencies of Current Food Safety Training. There are mainly two 

shortcomings of current food safety training methods, transferring knowledge to practice 

and safety measurement and evaluation. 

Most food hygiene training courses rely heavily on the provision of information 

(Egan et al. 2007), because there is an implied assumption that such training leads to 

changes in behavior, based on the Knowledge, Attitudes and Practices (KAP) model. 

However, knowledge alone is insufficient to trigger preventive practices and some 

mechanism is needed to motivate action and generate positive attitudes (Tones & Tilford, 

1994). Hence, many studies criticize the effectiveness of current knowledge-based 

training methods. Ehiri et al. (1997) conducted a study where188 individuals took an 

elementary food hygiene training course. The result showed that there was no significant 

improvement in terms of a number of crucial aspects of food safety knowledge for 

participants post training session. The findings highlight problems likely to arise from 

reliance on training designs, which primarily emphasize the provision of information that 
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seldom translates into positive attitude and behaviors. Powell et al. (1997) found that 

there was no relationship between the level of knowledge of staff and their inspection 

rating. Riben et al. (1994) indicated that food handler training and inspections had some 

effect on inspection scores, but the number of trained food handlers and frequency of 

inspection did not affect the outcome of food hygiene inspections by enforcement 

agencies. The study by Diogo et al. (2014), using self-reported practices and observed 

practices of Brazilian food handlers from different food services, showed that knowledge-

based training cannot improve employees’ food safety attitudes.  

For evaluation of training effectiveness, the main methods, which are knowledge 

change and frequency of foodborne illness outbreaks, may not be valid. Many articles 

utilized the change of knowledge as an indicator of training effectiveness (Lillquist, 

McCabe, & Church, 2005, Salazar et al. 2006, Danchaivijitr et al.2005). However, Diogo 

et al (2014) determined that measuring knowledge change is a poor indicator of changes 

in practices. As for the frequency of foodborne illness outbreaks as a measurement tool, 

the problem arises that they are mainly (a) what are called “rare events” because of the 

elements of chance and probability involved (Jacobs, 1970) and (b) Infrequent and 

unpredictable which makes them unsuitable as the primary indices of the efficacy of a 

safety program. (Komaki, Barwick, & Scott, 1986). 

Behavior Based Training.  

Applied Behavior Analysis. Applied behavior analysis is the fundamental 

principle of behavior-based safety training (Komaki, et al. 1978). Applied Behavior 

Analysis (ABA) is based on the approach to behavioral science developed by B.F. 
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Skinner (1938, 1953). Skinner rejected inferred constructs such as drives, needs, motives 

and cognitions, while emphasizing the importance of overt behavior and its observable 

environmental, social, and physiological determinants (Geller, 1989). Behavior analysis 

usually identifies overt behavior as the dependent variable, and environmental stimuli or 

contingencies as independent variables. 

Applied behavior analysis always uses an intervention strategy to solve problem. 

Geller (1989) generated a model that obtained the basic components of applying behavior 

analysis. (Figure 1). 

 

Fig. 1. The Basic Components of Applying Behavior Analysis for Real-World and 

Large-Scale Intervention (Geller, 1989). 

The first step is to consider what particular behavior should be targeted in order to 

resolve a particular societal problem. The second step begins with noting potential 

supportive contingencies, and recording representative baseline data. By analyzing 

baseline data, certain intervention can be designed to change the behaviors that contribute 

to particular societal problems. Thirdly, in the evaluation phase, the goal of behavior 

analysis is to demonstrate functional control and cost effectiveness. Dissemination is the 

last aspect of the model. It can develop an interdisciplinary information and support 

Selection Intervention Evaluation Dissemination
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network by establishing an address file of those individuals concerned with the target 

problem. 

Antecedent-Behavior-Consequence Analysis. A basic but essential tool that can 

help describe performance improvement and provide the powerful foundation of behavior 

analysis is known as “Antecedent-Behavior-Consequence” analysis (ABC) (Krause, 

Hidley, & Hodson 1992). ABC analysis is referred to as “behavioral engineering” 

(Surratt, Ulrich, &Hawkins, 1969). Behavioral engineering is an approach used toward 

behavior change focusing on environmental arrangements (i.e., behavior antecedents and 

consequences) that increase the occurrence of desired behaviors and decrease the 

occurrence of undesired behaviors (Geller, 1978). In other words, behavioral engineering 

actually blends two technologies for behavior change: stimulus control and contingency 

management.  

Antecedent intervention include (a) awareness and education sessions, (b) verbal 

and written messages, (c) modeling and demonstrations, (d)goal setting and commitment 

procedures, and (e) engineering and design strategies (Geller, 1989). Behavior change 

interventions are generally most effective when pleasant or unpleasant consequences are 

contingent upon the occurrence of the target behavior or upon the outcome of one or 

more target behavior. The consequences can be distinct stimuli or opportunities to engage 

in certain behavior (Geller, 1989).  

Krause, Hidley, & Hodson (1992) concluded several principles for ABC analysis: 

(a) both antecedent and consequences influence behavior, (b) they do so very differently, 

(c) consequences influence behavior powerfully and directly, and (d) antecedents 
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influence behavior indirectly, primarily serving to predict consequences. Komaki, 

Collins, and Penn (1982) also proved that performance consequences such as feedback 

play a critical role in work motivation and that antecedents alone may not be effective in 

all cases by implementing a safety training in four departments of a processing plant.  

Hence, it is better to stimulate employees by consequence compared to antecedent.  

There are three features that determine whether the consequence is strong or nor: 

(a) timing: a consequence that follows soon after a behavior influences behavior more 

effectively than a consequence that occurs later; (b) consistency: a consequence that is 

certain to follow a behavior influences behavior more powerfully than an unpredictable 

or uncertain consequence; (c) significance: a positive consequence influences behaviors 

more powerfully than a negative consequence (Krause, Hidley, & Hodson, 1990). Based 

on these three features of consequence, the approach to modify a certain behavior is to 

transfer the “later-uncertain-negative” consequence to a “soon-certain-positive” 

consequence.  

Three kinds of intervention approaches are correlated to the ABC analysis (Geller, 

2005): Instructional intervention, Supportive intervention, and Motivational intervention. 

An instructional intervention typically uses an activator or antecedent event to get new 

behavior started or to move behavior from automatic stage to the self-directed stage. This 

type of intervention consists primarily of activators, as exemplified by education 

sessions, training exercises, and directive feedback. Supportive intervention refers to 

continued practices once a person learns the right way to do something so that the 

behavior can become part of a natural routine. Supportive intervention focuses on the 

application of positive consequences. Motivational intervention is using incentive or 
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reward program to motivate a certain target behavior by promising people a positive 

consequence if they perform it. (Geller, 2005) 

Behavior-Based Training. The behavior approach to safety management applies 

principles of behavioral science in several important areas (Krause, 1990).  Komaki, 

Barwick, and Scott (1978) were the first persons that applied behavior approach to 

industry safety. They used a multiple baseline intervention, which consisted of an 

explanation and visual presentation of the desired behaviors, as well as frequent, low-cost 

reinforcement in the form of feedback. The conclusion was that the intervention with 

frequent feedback was effective. Komaki’s study was unique in that it involved the 

systematic application of applied behavior analysis to the subject of safety in the work 

place (Krause, 1990). The study was comprehensive in that it: (a) involved the definition 

of generic safety-related behavior, (b) defined the safety-related behaviors in operational 

terms, (c) based the observation of these behaviors on preset operational criteria, and (d) 

provided feedback to the workers whose behavior had been observed. After that, Komaki, 

Heinzmann, and Lawson (1980) concluded that provision training alone is not a sufficient 

means of improving and maintaining performance, however, only frequently feedbacks 

(more than three times a week) was effective. Chhoka and Wallin (1984) confirmed the 

application of a behavioral approach to safety and implicated the capability of 

measurements of applied behavior analysis. Streff, Kalsher, and Geller (1993) confirmed 

that safety group meeting was effective with the target behavior frequency increased form 

84.7% to 93.0%.  

Behavior-Based Training Process. Many studies tried to generate a conceptual 

model of behavior-based training process. Fitch, Hermann, and Hopkins (1976) published 
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the first conceptual approaches to reducing accidents using behavior analysis techniques 

in combination with traditional safety process. Their approach consisted of six steps. The 

first step required that all feasible engineering changes in the work environment to reduce 

eye injuries be made. Second, a specific behavior that is incompatible with an eye injury 

must be identified. The third step was that an observational strategy to collect baseline 

data for the identified behavior must be established. The fourth step included an 

intervention strategy to increase the occurrence of the targeted behavior. After a period of 

time, an assessment should be made to determine if an increase in the targeted behavior is 

correlated with a reduction of eye injuries was the fifth step. Lastly, a valid methodology 

for the intervention should be established. Krause (1990) set up several steps of data 

driven workgroup problem solving (Figure 2) (1) identifying a problem; (2) identifying 

root causes; (3) generating potential actions; (4) evaluating possible actions (5) 

developing an action plan; (6) measure and evaluate. . This approach combined behavior-

based analysis and data analysis and could measure the effectiveness of behavior-based 

solutions. 
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Fig.2: The Behavior-Based Safety Improvement Process. (Krause, 1990). 

Geller (2005) generated a “DO-IT” model (figure 3.).D stands for define. The DO 

IT process begins by defining certain target behaviors. O stands for observe. When 

people observe each other for certain safe or at-risk behaviors, they realize everyone 

performs at-risk behavior, sometimes without even realizing it. I stands for intervene. 
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During this stage, interventions are designed and implemented in an attempt to increase 

the occurrence of safe behavior or decrease the frequency of at-risk behavior. T stands for 

test. The test phase of DO IT provides work teams with the information they need to 

refine or replace a behavior-change intervention. 

 

Fig. 3: Behavior-Based Safety as a Continuous Four-Step Improvement Process 

(Geller, 2005). 

Also, Sulzer-Azaroff and Austin (2000) described as behavior-based safety system 

with outline these steps: (a) Identify or target behaviors that affect safety, (b) Define 

those behaviors precisely so that they can be measured objectively, (c) Develop and 

implement a measurement system to track those behaviors over time, (d) Obtain baseline 



24 

 

data and set reasonable goals, (e) Provide feedback and reinforce individual workers 

based on their safety performances.  

Critical Factors of Behavior-Based Training. Although behavior-based safety 

(BBS) methods are consistently effective at increasing the occurrence of safe behaviors, 

they can only work optimally if used throughout an organization. Hence, critical success 

factors are found in several studies. DePasquale and Geller (1999) found five critical 

success factors for behavior-based safety with one-on-one interview and focus group 

meetings. After collecting 629 samples, they concluded the critical success factors for 

behavior-based training: 1) perceptions that BBS training was effective; 2) trust in 

management abilities; 3)  accountability  for  BBS  through  performance  appraisals;  4)  

whether  or  not one had received education in BBS; and 5) tenure with the organization.  

Also, Geller (2005) identified seven key principles with decades of teaching BBS to 

safety leaders and line workers: (1) Focus intervention on observable behavior; (2) look 

for external factors to understand and improve behavior; (3) direct with activators and 

motivate with consequences; (4) focus on positive consequences to motivate behavior; 

(5) apply the scientific method to improve intervention; (6) use theory to integrate 

information, not to limit possibilities; (7) design interventions with consideration of 

internal feelings and attitudes.  

Advantages of Behavior-based Safety Training and Applications in Different 

Industries:  

(1). They can be administered by people with minimal professional training (McSween, 

1995). 
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(2). They can reach people in the natural setting where a problem occurs, such as a 

particular work area (Geller, 1996). 

(3) The leaders in these stings can be taught the behavior-change techniques (Geller, 

1998b). 

(4) The use of applied behavior analysis in the observation and measurement of such 

behaviors provides not only an appropriate measure of the safety level in an organization 

but also helps in assessing whether a safety program is having its desired effect and 

clarifying and reinforcing the desired safety behaviors (Komaki, Barwick, & Scott,1978). 

There are many successful applications of behavior-based training in various 

industries.  The first behavior based safety study (Komaki, Barwick, & Scott, 1978) was 

conducted in a wholesale bakery to control the increased in the injury frequency rate. 

After using the intervention consisted of an explanation and visual presentation of the 

desired behaviors and frequent, low-cost reinforcement in the form of feedback, the 

employees in the two departments substantially improved their safety performance from 

70% and 78% to 96% and 99% respectively.  Behavior-based safety training was also 

applied in the vehicle maintenance division (Komaki, Heinzmann, Lawson, 1980) 

because prior to the study, an average of three lost-time accidents had occurred each 

month. After the intervention, the safety behavior of sweeper repair, preventive 

maintenance, light equipment repair, heavy equipment repair increased significantly, 

respectively.  Behavior-based safety training also applied in a metal fabrication plant in 

Louisiana with 58 workers (Chhokar, Wallin, 1984). The overall safety performance 

increased form 64.93% to 94.92%. Behavior-based safety training was also implemented 
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in a 300 employees electronic components firm in a college town (Streff, Kalsher, Geller) 

to improve the safety glasses and shoulder belt compliance’. After the safety intervention, 

the total behavior performance increased from 84.7% to 93%. Other setting of 

applications involved a plastics manufacturing plant (Sluzer-Azaroff& de Santamaria, 

1980), a public work’s department (Komaki, Heinzmann, & Lawson, 1980), a soft drink 

bottling facility (Williams& Geller, 2000).  

Implement of Behavior-Based Safety Training in Foodservice Industry. Only two 

articles are found that behavior-based safety training was applied in foodservice industry. 

Geller, Peirson (1980) observed nine employees in a salad-preparation room of a large 

dining hall on the campus of Virginia Polytechnic Institute and State University. They 

observed handwashing frequencies after they (1) entering the  work  area,  (2)  handling  

and  unpacking  food  before  it  had  been  cleaned,  (3) touching face, (4) touching  hair, 

(5) touching clothing, (6) touching cleaning equipment, and  (7) other. The "other" 

category was defined to include a variety of relatively low-probability behaviors that 

should be followed by handwashing. They used sanitation training as the antecedent and 

feedback as consequences. The main number of handwashing increased form less than 

once to eight times after the feedback intervention. However, the main limitation of this 

study is that they just observed the frequencies of handwashing other than behavior.  

Johnson (1995) conducted an experimental study using behavior based training to 

apply HACCP principles. This study used the level of correct performance of desired 

food safety as the dependent variable and used the training component as a two-part 

motivational component. This included the transfer of learning and reinforcement of 

desired food safety behaviors to the workplace encouraged through supervisor-initiated 
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positive (selected for timeliness, positive nature, and meaningful content), timely, and 

meaningful work motivation performance consequences as independent variables. The 

design of the study had a baseline phase, training phase, motivational phase with 

feedback and a weekly group safety meeting, and a sustainment phase by withdrawal of 

feedback. The main limitation of this study is that it did not use control group, which may 

have influence the experiment validity, and the training methods were not cost efficiency 

so that may be hard to practice. 

Summary  

This chapter discussed the importance and current condition of handwashing in 

foodservice industry. A variety of methods currently used in food safety training were 

introduced in this chapter. Also, their deficiencies were addressed. This chapter also 

reviewed and summarized behavior-based training and how this training approach was 

used in other industries.  
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CHAPTER III 

Methodology  

 

Research Design 

Based on the antecedent-behavior-consequence (ABC) model (Krause, Hidley, & 

Hodson 1992), a multiple-intervention experiment design was used for this study. 

Knowledge-based handwashing training was used, as an antecedent to adoption of 

desired behaviors, which focused on handwashing principle and identified safety 

handwashing behaviors. A work motivation performance consequence, including weekly 

feedback, a time devise motivation soap dispenser, and a weekly handwashing safety 

meeting, were devised to reinforce and sustain the desired handwashing behavior for 

employees. The Baseline Phase consisted of observing the employees periodically over a 

two-week period. The average handwashing behavior over two weeks of baseline 

provided an indication of the existing level of handwashing in the restaurant. Multimedia 

knowledge-based online training was used to identify operationally defined handwashing 

behavior. In this knowledge-based training, a poster from Centers for Disease Control 

and Prevention (CDC, 2012) depicted eleven activities that should be followed for 

handwashing in restaurants. A validated video from handwashingforlife was used to 

demonstrate how to wash hands properly and emphasize the critical handwashing 

behaviors. All the employees were required to watch the training material online and a 

quiz with seven questions based on handwashing was obtained from the National 

Restaurant Association Education Foundation’s Servsafe@ course book was used to test 

employees’ handwashing knowledge.   
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The motivational intervention was completed during a two week post-training 

period at which time a devise motivation soap dispenser and weekly handwashing safety 

meeting were introduced. The time devise motivation soap dispenser consisted of an 

infrared soap dispenser and a motion sensor speaker (Figure 4)  

 

Fig. 4: The Time Devise Motivational Soap Dispenser. 

When employees applied soap, the motion sensor triggered the speaker to play 

popular songs for 18 seconds. The theory was that the song would motivate employees to 
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scrub their hands for more than 17 seconds to attain the FDA Food Code handwashing 

benchmark. The researchers and restaurant managers conducted the handwashing safety 

meeting. The previous week’s performance as well as goal setting for the upcoming week 

was discussed. Goal setting consisted of setting a specific, difficult, yet attainable and 

realistic goal for handwashing frequencies, duration and critical behaviors. Meanwhile, a 

handwashing performance competition was initiated by researchers to motivate 

employees among the four shifts. Researchers compared handwashing performance of 

each shift based on the videotaping observations and selected the best shift as the winner 

of the week. All the employees in the best handwashing shift would get a four-dollar gift 

certification as the gift each week. The eight-week experiment arrangement is in Table 1.  

Table 1: Observation Phase and Time Period  

Phase Length 

Baseline 1  2 week 

Training  1 hour 

Baseline 2 2 week 

Motivational Intervention 2 week 

Baseline 3 1 week 

 

Measurement Development 

Handwashing frequencies, duration and nine critical handwashing behaviors were 

selected as the measurements in this research. The nine critical handwashing behaviors 
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included: Wet hand, applying soap, palm-to-palm, front-to-back, finger-to-finger, 

washing wrists, washing thumbs, rinsing hands, and wiping hands. Based on Paez et al. 

research, the proposed benchmarks specify that employees should wash their hands a 

minimum of 6 times per hour during production and 11 times per hour during service, 

which may not be practical or feasible for food preparation employees. Hence, washing 

hands at least half an hour per employee was used as the handwashing frequencies 

benchmark in this research (Green et al. 2007), which is approximately 150 times in this 

research.  Effective handwashing duration was defined as the duration between applying 

soap and wiping hands. The benchmark of effective handwashing duration is 

approximately 17 seconds based on the FDA Food Code. The critical handwashing 

behaviors are selected from FDA Food Code (FDA, 2013) and the HandsOnTM System 

(www. Handwashingforlife.com) to demonstrate the appropriate handwashing behavior 

All the behaviors are observed and rated with safe, at-risk and not observed. 

Handwashing was considered properly only when they were observed to completing 

certain critical handwashing behavior.         

Sample Selection 

The data was collected in a student-managed restaurant at a hotel and restaurant 

management college in the southern United States. Undergraduate students who enrolled 

in different courses worked in this restaurant simultaneously preparing food and serving 

lunches on weekdays. Only the employees working in the production area of this 

restaurant were selected as the focus of this study. The observation focuses on the 

handwashing sink inside the production area. Four shifts (working from 9:00 AM-2:30 

PM) are selected in this research. Participants were 58 employees from four shifts.  
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Observations 

After obtaining the proper approvals from the internal review board, a camera was 

mounted in such as way that participants’ hand washing behaviors were observed. For an 

eight-week span (40 days) the behaviors of the subjects were recorded daily on 

videotapes from 9:00AM to 3:00PM. The video camera (FOSCOM Tilt IP Camera) was 

fixed the top of the handwashing sink to record employees’ handwashing using the 

survey tool described in Appendix A. Those behaviors that were performed correctly 

were marked with one while those that were performed unsafely were marked with a 

zero. The date and time of day was also recorded on the survey tools. Based on Strohbehn 

et al. (2008) research, the six hours shift (9:00AM to 3:00PM) was separated into three 

phases. The Preparation Phase was from 9:00 AM to 11:00 PM, The Service Phase was 

from 11:00 AM to 1:00 PM, and Cleaning Phase was from 1:00PM to 3:00 PM. All the 

handwashing activities were classified into these three phases. To assure confidentiality 

for individual employees and to guard against any possible recriminations, employees 

who have any identifying marks on their hands such as tattoos, names or scares that may 

be used to identify said individuals was excluded from this study. The researchers 
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observed students hands prior to washing to ensure no identifying marks are present. 

 

Fig. 5: Video Camera Observed Handwashing Behaviors. 

 

Data Analysis 

The data collected from the observations was statistically analyzed to see the 

handwashing performance in different phases.  

Descriptive analysis was conducted to compute the percentage of compliant 

handwashing behaviors, frequencies and average handwashing durations. To compute the 

percentage of safe handwashing behaviors, the number of safety behaviors was divided 
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by the total number was observed. Safe handwashing behavior percentage in the 

preparation phase, service phase, and cleaning phase was compared. Also, pre-training 

and post-training percentages were compared to test the effectiveness of knowledge-

based training and behavior-based training.  

One-way ANOVA was utilized among the handwashing duration of preparation 

phase, service phase, and cleaning phase to identify statistical difference among these 

three phase in terms of handwashing duration. 
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CHAPTER IV  

Result 

Description of Facilities and Observed Employees 

The participants were 88 employees from four shifts of student-managed restaurant 

located in a University in southern U.S. The majority of employees were female (74%) 

and their average age was 20 (SD= 4.4).  

Baseline Phase  

The purpose of the data collected during the Baseline Phase was to quantify the 

level of handwashing behaviors performed by the employees prior to the intended 

intervention. All employees were told that their handwashing behaviors were recorded by 

a video camera to develop more effective handwashing behavior training method. 

However, they did not know the handwashing measurements used by researcher. The 

Baseline Phase observation results are presented in Table 2. 
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Table 2: Handwashing Performance during the Baseline Phase by Observation 

Period 

Critical Behavior  Production Service Cleaning  Average  

Frequency 22.12 17.5 18.90 58.5 

Duration 13.21* 10.07* 11.33* 11.41 

Wet Hands 36.6% 30.0% 36.5% 34.8% 

Apply Soap  95.3% 94.3% 95.4% 95.0% 

Palm-to-Palm 93.7% 97.0% 95.2% 95.3% 

Front-to-Back 68.0% 57.5% 62.0% 61.2% 

Finger-to-Finger 52.7% 43.5% 59.3% 49.6% 

Thumbs 67.5% 62.0% 69.3% 65.0% 

Wrists 29.6% 23.8% 29.3% 26.1% 

Rinse Hands 99.6% 98.9% 99.4% 99.3% 

Wipe Hands 99.5% 99.2% 98.4% 99.1% 

* p < .001 

A total of 468 observations over eight days of handwashing behavior were 

completed for the observation phase. Overall, hands should have been washed a total of 

at least 150 times based on the FDA Food Code but actually were washed only 58.5 times 

on average, which means each employee only washed their hands once per two hours 

averagely. Employees washed hands for 11.41 seconds during the baseline phase, which 

was much shorter than FDA Food Code (17 seconds). In terms of handwashing critical 

behaviors, four of the critical behaviors which are applying soap, palm-to-palm, rinsing 

hands, and wiping hands, were rated safe at least 90% of the time while other five 
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behaviors (wet hands, front-to-back, wrists, finger-to-finger, and thumbs) were rated safe 

during 65% or fewer of the observations. Behaviors receiving lowest correct ratings were 

wet hand (34.8%) and wrists (26.1%). 

After six-hour shift was separated into the preparation phase, service phase, and 

cleaning phase. There were significant differences in terms of handwashing frequencies, 

duration and correct behaviors percentage among three phases. Employees washed five 

more times during the preparation phase compared to those during service phase and 

washed three more times than did in cleaning phases. In terms of handwashing duration, 

there were significant differences among each working phase. Employees washed hands 

three seconds more during the preparation phase (13.21 seconds) compared to the service 

phase (10.07 seconds). The handwashing duration in the cleaning phase increased to 11.3 

seconds averagely. For all the five behaviors which employees’ safe ratings were lower 

than 65%, there was an obvious trend concerning the decrease in proper rates of these 

five behaviors. The gap between correct handwashing rates in the preparation and service 

phases were approximately 6% for wet hand, 10% for front-to-back, 9% for finger-to-

finger, 6% for washing thumbs, and 6% for washing wrists.  

It can be concluded that handwashing frequency, duration and correct rates of 

critical handwashing behaviors were low during the baseline data collection. Moreover, 

all the indexes were even lower during the service phase, which is the operation period of 

the restaurant.  
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Training Phase 

Handwashing training focused on correct handwashing behaviors was presented as 

an antecedent to the adoption of handwashing behaviors. An online multi-media training 

was presented (www. Handwashingforlife.com) and employees took a quiz about 

handwashing knowledge after observing the training material. A two-week observation 

was conducted after employees finished the online training session.   The training phase 

observations are displayed in Table 3.  
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Table 3: Handwashing Performance during the Training Phase by Observation 

Period 

Critical Behavior  Production Service Cleaning  Average  

Frequency 31.6 20.8 19 71.2 

Duration 16.1* 9.5* 12.4* 12.78 

Wet Hands 52.5% 50.8% 53.7% 52.3% 

Apply Soap  96.8% 99.0% 98.1% 97.9% 

Palm-to-Palm 99.0% 95.8% 100% 98.4% 

Front-to-Back 79.1% 58.9% 57.9% 67.1% 

Finger-to-Finger 54.4% 32.3% 45.3% 44.8% 

Thumbs 76.6% 48.4% 64.2% 64.2% 

Wrists 51.3% 27.4% 32.6% 37.7% 

Rinse Hands 98.4% 95.6% 97.8% 97.6% 

Wipe Hands 100% 98.4% 100% 99.7% 

*p< 0.001 

A total of 376 observations were collected over two-week period (only five days in 

the two weeks because of spring break) of the training phase. Overall, compared to the 

handwashing performance from the baseline phase, all indexes increased during the 

training phase except for finger-to-finger behaviors but these were not significant. 

Employees washed their hands for 71.2 times per day during the training phase, which 

increased 22% compared to the baseline phase. Handwashing durations increased from 
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11.32 seconds in the baseline phase to 12.78 seconds during the training phase. In terms 

of critical handwashing behaviors, the four behaviors (apply soap, palm-to-palm, rinsing 

hands, and wiping hands) that were rated safe at least 90% still stabilized above 95%. 

The correct rating for the other five critical handwashing behaviors that were lower than 

70% during the baseline phase were still relatively low during the training phase though 

there was significant increase in the proper rate. Correct ratings of wet hand increased 

most during the training phase from 34.8% in the baseline phase to 52.3% in the training 

phase. There was a significant increase for washing wrists from 26.1% to 37.7% during 

the training phase; however, correct rating for washing wrists was still the lowest among 

all the handwashing behaviors. There were no changes in terms of front-to-back and 

thumbs, whereas there was a decrease for washing fingers-to-fingers from 49.6% in the 

baseline phase to 44.8% in the training phase. This may because researchers emphasize 

the behaviors of wet hands and washing wrists, which were the two behaviors with 

lowest proper rates in the training material. Employees may pay more their attention to 

these two behaviors. Hence, on improvement was made for the other three behaviors. 

More detail information of effectiveness of knowledge-based training was shown 

when separating all the observations into the three work phases (preparation phase, 

service phase, and cleaning phase). Indexes in the preparation phase ascended much more 

significantly than those in the service and cleaning phases. Employees washed their 

hands for nine more times during the Preparation phase, while they only washed three 

more times during the Service phase. Employees washed their hands for an average of 

16.5 seconds during the preparation phase, which was three seconds longer than in the 

baseline preparation phase. However, handwashing duration for the service phase during 
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the training period decreased from 10.07 seconds to 9.5 seconds. When employees had 

multiple urgent working tasks at the same time, these working tasks as certain and direct 

consequence had bigger effectiveness to employees than handwashing training. Thus, the 

handwashing behaviors would go back to the Baseline level. For front-to-back and 

thumbs, there was a significant increase for the preparation phase performance from 68% 

during the baseline compared to 78% during the training phase. In terms of these two 

behaviors in the service and cleaning phases, no improvements were made after the 

knowledge-based training. The same trend was observed for washing wrists. The correct 

rate increased from 29.6% to 51.3% in the preparation phase and from 26.1% to 37.7% in 

the cleaning phase after the knowledge-based training. Unfortunately, this was no 

observed during the service phase, which kept stable at less than 30%. Only for wet hand 

behaviors did the correct percentage improve in both the preparation and service phase. 

When the data was analyzed based on the three operation phases, employees only 

improved handwashing behaviors during the preparation phase. No improvements were 

made during the service or cleaning phases.  

Motivation Phase  

The Motivational Phase was conducted over a two-week period. Work motivation 

performance consequences were introduced to emphasize and reinforce the desired 

handwashing behaviors by providing weekly feedback, conducting a handwashing 

competition between the different shifts and the use of a time devise motivational soap 

dispenser. In the first week of the Motivational Phase, a goal of 100 hand washings for at 

least 15 seconds was set for all the employees (See Table 4). 
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Table 4: Handwashing Performance during the First Week of Motivation Phase by 

Observation Period 

Critical Behavior  Production Service Cleaning  Average  

Frequency 32 39.5 17.8 89.3 

Duration 20.8* 17.6* 16.9* 18.9 

Wet Hands 78.9% 83.5% 64.8% 78.1% 

Apply Soap  99.7% 99.4% 99.2% 99.4% 

Palm-to-Palm 99.5% 98.5% 99.0% 99.1% 

Front-to-Back 97.6% 91.1% 88.7% 93.0% 

Finger-to-Finger 84.4% 72.5% 76.0% 77.3% 

Thumbs 86.7% 80.4% 78.9% 82.1% 

Wrists 72.6% 60.2% 46.4% 61.6% 

Rinse Hands 100% 100% 100% 100% 

Wipe Hands 100% 100% 100% 100% 

 *p< 0.001 

There was a tremendous improvement for handwashing performances overall. 

Employees washed their hands more than 89 times per shift, which was 18 times more 

than they did during the Training Phase. The handwashing duration ascended from 12.8 

seconds in the Training Phase to 18.9 second, which was even more than the FDA 

benchmark of 17 seconds. The four behaviors (apply soap, palm-to-palm, rinsing hands, 

and wiping hands) that were rated safe at least 90% in the Baseline Phase still stabilized 
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above 95%. For the other five critical behaviors that the correct rates were lower than 

65% in the Baseline Phase, there was similar positive progress. The correct rate of wet 

hand improved from only 52.3% during the Training Phase to 78.1% in the first week of 

Motivation Phase. Ninety-three percent of the employees in the Motivation Phase washed 

their hands front-to-back properly while only 67.1% during the Training Phase. More 

than 61% of the employees washed their wrists after researchers emphasized during the 

weekly meeting. The proper rate of washing thumbs and fingers also increased to 82.1% 

and 77.3% respectively. 

When observations were classified into Preparation, Service and Cleaning Phases, 

handwashing performance in Service Phase improved dramatically in the first week of 

the Motivation Phase. Employees washed their hands twice as much as they did in the 

Training Phase to 39.5 times, which exceeded the handwashing frequency in the 

Preparation Phase. Handwashing duration increased to 17.6 seconds compared to only 9.5 

seconds during the Training Phase. The proper rate of washing front-to-back and thumbs 

increased to more than 80% in the service phase in the first week of motivation phase. 

Though the proper rate of two behaviors (Washing fingers and wrists) was still lower 

than 80%, it increased at least 40% after introducing the weekly feedback and goal 

setting and time devise soap dispenser. 

For the second week of the Motivation Phase, a higher goal was set for all the 

employees with 100 times 17 seconds handwashing per day. Based on the data analysis 

of the first week, the handwashing frequency and proper rate of washing wrists are the 

two items that needed improvement. The researchers emphasized when to wash hands 
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and washing wrists on the second weekly feedback meeting. The second week of 

Motivation Phase observations are presented in Table 5. 

Table 5: Handwashing Performance during the Second Week of Motivation Phase 

by Observation Period 

Critical Behavior  Production Service Cleaning  Average  

Frequency 43.5 44.2 20.0 107.7 

Duration 23.6* 18.9* 19.1 20.9 

Wet Hands 86.8% 80.8% 75.9% 82.3% 

Apply Soap  100% 98.9% 99.6% 99.3% 

Palm-to-Palm 100% 100% 100% 100% 

Front-to-Back 99.4% 97.1% 92.9% 97.5% 

Finger-to-Finger 92.0% 79.7% 77.8% 84.7% 

Thumbs 90.2% 81.9% 90.7% 86.7% 

Wrists 85.6% 66.7% 64.8% 74.6% 

Rinse Hands 100% 100% 100% 100% 

Wipe Hands 100% 100% 100% 100% 

*p< 0.001 

Employees made significant progress of handwashing frequency and washing 

wrists. Employees washed their hands for more than 107 times per day in the second 

week. The handwashing frequency during the Service Phase increased to an average of 

44.2 times, which means that employees washed their hands approximately once per half 

an hour during the operation times. The proper rate of washing wrists increased from 
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61.6% to 74.6%. Except for washing wrists, the proper rate for all the critical behaviors 

was more than 80%, even during the Service Phase.  

Summary  

To be concluded, handwashing performance improved significantly after applying 

behavior-based training. Handwashing frequencies (Figure 3) increased from 58.5 times 

per day to 71.2 times post knowledge-based training. By utilizing a time devise 

motivation soap dispenser, weekly feedback and goal setting, employee washed hands for 

107.7 per day, which was almost twice as many as they did during the Baseline Phase.   

        

 

Figure 6. Handwashing Frequency during the 8-week Period of Time 

Concerning handwashing duration, employees only washed their hands for 11.4 

seconds during the Baseline Phase. Even after receiving online knowledge-based training, 
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they washed hands for only 12.8 seconds, which was lower than FDA Food Code 

recommendations of 17seconds. After two-weeks of the Motivation Phase, employees 

washed their hands for more than 20 seconds. 

 

Figure 7. Handwashing Duration during the 8-week Period of Time 

In terms of critical handwashing behaviors (Figure 5), there were five behaviors 

that were lower than 65% in the Baseline Phase. Wet hands before applying soap and 

washing wrists were the two behaviors with the lowest rates, 34.8% and 26.1% 

respectively in the Baseline Phase. The proper rate of these two behaviors increased 

continuously both in the Training Phase and Motivation Phase. The proper rate of wet 

hands increased to 52.3% post knowledge-based training and 82.3% after the Motivation 

Phase. The proper rate of washing wrists increase to 37.7% post training and increased to 

74.6% after the Motivation Phase. The proper rate of washing fingers, front-to-back, and 

thumbs did not have an increase after the knowledge-based training and stabilized around 
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50%.during the Training phase. After the two-week Motivation Phase, the proper rates of 

these three behaviors were all above 80%.

 

Figure 8. Handwashing Critical Behaviors during the 8-week Period of Time 
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CHAPTER V 

Discussion 

The study tested a conceptualized theory model of behavior-based approach for 

improving handwashing performance in the foodservice industry. The results of this 

study revealed the effectiveness of behavior-based approach on handwashing 

performance. Even though Geller et al. (1980) conducted hand sanitation training by 

utilizing behavior intervention, this study had its own set of key findings. The four key 

findings can be summarized as (1) behavior-based training approach can improve 

employees’ handwashing performance significantly, (2) knowledge-based training can 

improve employees’ handwashing performance in the preparation phase, but does not 

work  as well during the service phase, (3) wet hands, washing front-to-back, washing 

thumbs, washing wrists, washing fingers) were the main reasons that caused low 

compliance, (4) the level of safe handwashing behaviors can be objectively measured by 

the instrument used in this study. 

The results of our study tended to confirm the applicability of behavioral 

approach to food safety. Based on Geller’s (2005) “DO IT” model, the behavior-based 

training approach consisted of four components, which defined critical handwashing 

behaviors, observing employees performance to identify “at risk” behaviors (Baseline 

Phase), Intervention to change target behaviors, and testing the effectiveness of 

intervention. Similar to prior industrial safety research using behavior-based feedback as 

an intervention (Felner & Sulzer-Azaroff, 1984), behavior-based feedback in the current 

study led to clear increases in safe handwashing practices. The results supported the use 
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of comparison feedback to improve handwashing performance (Williams& Geller, 2000). 

Comparison feedback displays specific information about an individual’s or group’s 

performance in comparison to a relevant comparison group (Wood, 1989). The 

handwashing competition in this study was utilized to demonstrate the theory of 

comparison feedback. Behavior-based feedback and competition feedback can serve as a 

direct and certain consequence to change employees’ behaviors. Also, the current study 

added to the existing behavior-based approach by utilizing the time devise motivation 

soap dispenser to introduce a sooner and more direct consequence to motivate employees 

to wash their hands for more than 17 seconds.  

Knowledge-based training alone is not enough to improve employees’ 

handwashing performance especially during the restaurant service time. There was 

improvement in terms of handwashing performance before the restaurant operating time 

after receiving knowledge-based training alone, while no improvement was made during 

the service phase. Many previous studies discussed whether knowledge-based training 

could improve food safety practices; however, there were conflicting outcomes. Ehiri et 

al. (1997), using a comparison between an experimental group that received knowledge-

based training and a control group, found that after receiving the knowledge-based 

training, the food safety practices of experimental group were significantly better than 

those of control group. However, Powell, et al. (1997) reported no significant difference 

in post-training practices. Based on the comparison of data in the Baseline Phase and in 

the Training Phase, our study argued that a bias might exist when researchers evaluate the 

effectiveness of knowledge-based training. This was determined founded on the 

observations of employee’s practices for the whole working duration because the tasks 
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and working pace would always change in different working phase. When knowledge-

based training was regarded as an antecedent in the “Antecedent-Behavior-Consequence” 

Model (ABC Model) (Komaki, Barwick, and Scott, 1978), the weak effectiveness of the 

antecedent may be influenced by other more direct and certain consequences. Hence, in 

the current study context, when there were not many direct and certain consequences 

(urgent working tasks) in the Preparation Phase, the antecedent (knowledge-based 

training) would improve employees’ handwashing performance. However, the working 

tasks of employees increased during the Service Phase, therefore more direct and certain 

consequence (working tasks that should be done soon) had a stronger impact on 

employees’ behaviors decision. Hence, handwashing performance will decrease to the 

pre-training level during the Service Phase. However, it should be mentioned that it is 

during the Service phase that employees handle food and do the cooking tasks most 

frequently. Thus, the greatest risk of foodborne illness outbreaks is in the Service Phase 

when employees do not wash their hands properly. When observations of handwashing 

behaviors were classified into the Preparation Phase, Service Phase and Cleaning Phase, 

the overall improvement of handwashing behavior after the knowledge-based training 

was not sufficient to significantly reduce the risk of the foodborne illness because no 

improvement was made when employees handle food and cook. From this perspective, 

knowledge-based training as an antecedent to motivate employees to improve 

handwashing behaviors alone cannot decrease the foodborne illness risks significantly. 

  The results of our study were consistent with Green et al.’s (2007) finding that the 

procedures used to wash hands by employees in the foodservice industry were not 

compliant with FDA recommendations. Most of the previous studies indicated that 
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handwashing was not done frequently enough and the recommended methods are not 

followed, but no one explained the specific reasons that contributed to this problem. By 

identifying and observing critical behaviors of handwashing, our study found that most 

employees in the foodservice industry did not know how to wash front-to-back, fingers, 

thumbs and wrists properly. This is the reason that employees’ handwashing procedures 

were not in compliance with the FDA recommendations.  

The level of safe performance of handwashing behaviors can be objectively 

measured by the tolls used in this study (Appendix A). This delivered a more detailed and 

reliable method to measure the level of handwashing performance. Also, by classifying 

the observations, into three phases of a working shift helped to find more detailed food 

safety performance of employees.  Employees’ handwashing performance during the 

Service Phase when they have multiple work tasks simultaneously can be a better 

measurement of training effectiveness. 

Implications for the Foodservice Industry 

For training to serve as the antecedent control measure, an objective measurement 

of behavior prior to training must be performed. In another words, food safety training 

should not be the same for every food service operation. The observation methods used in 

this study can be used to identify training requirements and training objectives. 

Afterwards, specific training can be developed from the results of the observations .Also, 

the effectiveness of food safety training can be observed and measured by post-training 

observation. This can help managers or supervisors identify the behaviors where the 
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proper rates are still low. Continuing this process can help control and improve, critical 

behaviors.. 

Since knowledge-based training alone does not transfer knowledge to practice 

effectively, behavior-based approaches that focus on changing the consequence of food 

safety behaviors should be utilized in the food service industry. The traditional 

“Knowledge-Attitude-Practice” (KAP) Model (Tones & Tilford, 1994) has been 

criticized because the issues of transferring efficiency and measurable probability. 

Knowledge could not be transferred to practices efficiently by itself (Powell et al. 1997). 

Also, attitude towards food safety was extremely difficult to measure (Krause, Hidley, & 

Hodson 1992). The idea behind this research is changing employees’ behaviors directly 

by changing the consequence of washing hands properly from “ decreasing foodborne 

illness outbreaks”, which is indirect, uncertain, remote consequence for employees to 

“washing hands until the music stops, achieving specific goals, and beating other shifts”, 

which are more direct, certain, and immediate consequence to employees. More 

“consequence changing” facilities and equipment can be designed and developed to 

change employees’ food safety behavior directly.  

Handwashing requires intensive management to improve performance levels. 

Previous studies have already identified that the main reason of low compliance of 

handwashing which is the behavior perception (Whitby, et al. 2006). The behavior 

perception is when managers and employees believe handwashing is a habitual behavior 

that does not require training. This study indicated the five behaviors of handwashing 

process had low proper rate before handwashing training, which shows that handwashing 

is a process combined with multiple non-habitual behaviors. Also, behaviors such as 
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washing wrists and wetting hand before applying soap required intensive motivation to 

improve the performance. Hence, handwashing requires intensive training and 

management to be improved.  

Suggestions for Further Studies 

One possible opportunity would be to conduct a follow-up study three to six 

months to see if the level of handwashing performance has changed. This would be 

important for identifying the effectiveness of behavior-based training approach to 

determine its longevity. Another study could be developed to conduct a self-practice 

report and focus group to determine whether employees’ attitude towards handwashing 

has changed after receiving the behavior-based training approach and whether the food 

safety culture has been strengthened. Theoretically, attitude employees towards a certain 

behavior could be changed automatically if this behavior becomes one of their habitual 

behaviors. (Krause, Hidley, & Hodson 1992). The future study should also test how long 

the behavior-based training can change employees’ attitude. Another study could be 

design to examine the “Knowledge-Attitude-Practice” (KAP) Model by quantitative 

approach. The relationship among knowledge, attitude and practice could be tested by 

using test score as measurement of knowledge, measuring attitude changing with self-

reported questionnaires and using observations’ proper rates as measurement of behavior 

changing.   
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Conclusion 

A behavior-based training approach that used knowledge-based training as the 

antecedent and feedback, competition and timer devise as the consequences improved 

employees’ handwashing performance from baseline to intervention significantly. 

However, knowledge-based training alone cannot improve employees’ handwashing 

performance significantly. Employees made no improvement during the Service phase. 

Five behaviors, wetting hands, washing front-to-back, fingers, thumbs, and wrists should 

be focused on in the handwashing training. The suggestions for foodservice industry is to 

follow the process of behavior-based training approach by identifying critical behaviors, 

educating and motivating employees to achieve and sustain safe level. 
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Appendix A 

Critical Handwashing Behaviors Validation Tools 

Behavior  Safe At-Risk No Observed Comments 

Wet hand as pre-rinse     

Apply soap     

Scrubbing hands for 

10-30 seconds 

    

Palm-to-palm      

Front-to-back     

Claw-to-paw     

Wrists     

Thumbs     

Rinse hands 

thoroughly 

    

Wipe hands vigorously 

with a paper towel 

    

 

  


