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Over the years, safety training has been heavily depended upon to provide a means of 
reducing occupational accidents, yet, the literature lacks reports of definitive 
research demonstrating the value of safety training and the length of its effectiveness. 
The literature which abounds consists largely of course descriptions, lesson plans, and 
programs in use by companies or proposed by individuals. Few of these reports are based 
on an assessment of need through task analysis and only one study has been found which mea­
sured the effects of safety training on on-the-job performance. 

The two studies described in this paper were initiated by the National Institute for 
Occupational Safety and Health in order to clarify knowledge concerning the value of 
occupational safety training and the influence of post-training management actions on 
the safety performance of workers engaged in a semi-skilled job. Industrial lift 
truck operators were selected for study because industrial lift trucks are widely used 
throughout industry, lift truck operations demonstrate ahigh risk and propensity for 
accidents, and the risk of injury associated with typical lift truck operations depends to a 
large extent on the performance of the operators, although the vehicle, workplace layout, 
and the task are also factors. 
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INTRODUCTION 

Over the years, safety training has been heavily depended upon to provide 

a means of reducing occupational accidents, yet, the literature lacks 

reports of definitive research demonstrating the value of safety training 

and the length of its effectiveness (Surry, 1969) The literature which 

abounds consists largely of course descriptions, lesson plans, and 

programs ~n use by companies or proposed by individuals. Few of these 

reports are based on an assessment of need through task analysis and only 

one study has been found which measured the effects of safety training on 

on-the-job performance (Komaki, Heinzmann, and Lawson, 1980). 

The actions of management following the training are critically 

intertwined with the training ~n affecting on-the-job performance. 

Post-training actions can range from no follow-up to extensive programs 

involving elements of goal setting, performance monitoring, feedback, and 

rewards. Goal-setting is an approach for improving performance on tasks 

in which performance is largely a function of the workers' conscious 

aspirations (Das, 1982). The goals may be established by management or 

hy a worker participation approach. To be effective the goals should be 

accepted and achievable by the individual or group for which the goals 

are established (Locke, 1968). Feedback is a means of improving or 

sustaining performance by providing information about actual performance 

to the worker (Meister, 1976; Das, 1982; McCormick and Sanders, 1982). 

Rewards are used to reinforce desired behaviors and to provide motivation 

for sustaining achievable performance levels (Cohen, Smith, and Anger, 
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1979). All of these approaches require an objective and meaningful 

measure of performance. 

The importance of having an objective and meaningful measure of 

performance is also essential when conducting research into the 

effectivness of training and management programs for improving worker 

safety. Tr~lditional measures of safety performance, such as lost-time 

accidents, Hre "rare events" in the statistical sense, and consequently, 

not sensitive enough to evaluate the effectiveness of specific 

intervention programs in a single establishment. 

A more sensit ive measure (Rockwell, 1959; Tarrants, 1980) uses operation-

ally defined performance cri teria for measurl.ng the effectiveness of 

program intervention through a work sampling procedure commonly used by 

industrial engineers for making determinations such as the portion of 

time a particular machine 1S 1n use. Similarly, when work sampling 1S 
~. 

"\ ti,\. 

used for monitoring human behavior it 1S also appropriate to dichotomize 

the behavior into distinguishable categories such as proper or 1mproper, 

wear1ng or not wear1ng a hardhat, standing or walking, etc. 

ii' Rockwell indicated that such surrogate safety performance measures ShOU";/"'1' 

be: observable in order that they can be measured; quantifiable in order 

to permit the use of statistical inference; reliable to the extent that 

they provide minimum variability when repeatedly measuring the same 

-3-



condition; and valid such that they are related to factors precipitating 

frequent and severe accidents which repeatedly occur. 

A few studies have used behavioral sampling methods to evaluate the 

effects of behavioral safety programs in various work settings (Smith et 

al., 1978; Komaki et al., 1978; Zohar, et al., 1980; Komaki et al., 

1980). The study by Komaki et ale (1978) used a behavioral sampling 

approach for demonstrating the beneficial effects of a combined safety 

training plus performance feedback intervention program. This was 

followed by a second workplace study (Komaki et al., 1980) designed to 

determine the effects of the safety training separately from the effects 

of performance feedback. The study found that safety training alone 

resulted in improved performance, while training combined with 

post-training feedback yielded even better performance. 

The extent to which employee training and/or management programs produce 

improved behavior following cessation of the formal intervention program 

~s a related question which needs investigation. Komaki et ale (1978) 

found that when the research team stopped monitoring the workers' 

performance and providing feedback, the performance deteriorated back to 

the level before the intervention began. Zohar (1980) suggests that a 

"holistic modification approach" in which workers' behavior and 

managerial standards are concurrently modified, may be the ingredient 

necessary for sustaining desired changes in group norms. In such an 

interactive system, new workers introduced to the plant would be 
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encouraged by both management and their peers through ongoing performance 

feedhack to model the modified group norms, thereby sustaining the 

desired group performance. 

The two studies described in this paper were initiated by the National 

Institute for Occupational Safety and Health in order to clarify 

knowledge concerning the value of occupational safety training and the 

influence of post-training management actions on the safety performance 

of workers engaged in a semi-skilled job. Industrial lift truck 

operators were selected for study because industrial lift trucks are 

widely used throughout industry, lift truck operations demonstrate a high 

risk and propensity for accidents, and the risk of injury associated with 

typical lift truck operations depends to a large extent on the 

performance of the operators, although the vehicle, workplace layout, and 

the task are also factors. 

METHOD 

The basic approach followed Goldstein's model (1974) which specifies 

three major phases for a quality training program: (1) needs assessment, 

(2) program development, and (3) program evaluation. 
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Needs Assessment 

The needs assessment involved the determination of existing knowledge 

concerning lift truck safety and an analysis of injury data. The search 

for existing knowledge identified: (1) research and technical reports 

related to lift truck safety and behavioral observation methodology; (2) 

ANSI (American National Standards Institute) and OSHA standards for safe 

lift truck operation; (3) a number of operating equipment manuals from a 

large variety of lift truck manufacturers; and (4) all available media, 

both movie and slide presentations, and workbook training courses on 

industrial lift truck operation and safety--none of which were found to 

be suitable for the purposes of these studies. 

The injury data analysis consisted of the following: (1) approximately 

one thousand lift truck accident reports from a national data base of 

over 10,000 general industry accident cases; and (2) several hundred lift 

truck accident reports from the two warehouse participants, over a period 

of three years preceding the studies. 

Training Program Development 

The program development involved a serIes of tasks. Pre-baseline obser­

vations of both warehouse sites were made In order to identify those 

recurrent behaviors most suitable for training purposes as well as to 
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become familiar with the warehouse facilities for purposes of detailing 

the studv protocol. For example, information \"as obtained on the layout 

of the warehouses, the brea~down of personnel by departments and 

\<'orkshifts, the different types of operations involved, etc. 

A detailed task/hazard analysis was developed in order to derive a 

rational basis for development of the training program. Based on all the 

above information, each operational task was broken down in detail and 

the following information provided: (1) the necessary knowledge and skill 

requirements; (2) the potential consequences of behavioral errors; and 

(3) criticality ratings based on actual frequency and severity data 

obtained from the injury data analysis. ( see Exhibit A ). 

From the task/hazard analysis and pre-baseline observations of 

participant warehouse operations, operator behaviors were identified 

which met the following criteria: (1) capable of being operationally 

defined, i. e., measurable; (2) frequent ly observable; 0) capable of 

being reliably observed; (4) related to frequent accident occurrence, 

i.e., valid; and (5) most amenable to a training-type, corrective action 

approach, rather than those behaviors which are best modified through 

other means, such as equipment or job redesign. 

The training mode involved a professionally voiced slide/sound 

presentation in order to enhance the efficiency, practicality, and future 
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uti1ity of the program. As a compan~on to the audiovisual material, a 

detailed instructor's manual was prepared. The manual presented: 0) 

specific training and behavioral objectives, (2) a word-for-word copy of 

the voiced script with pictures, and (3) detailed instructions for course 

implementation. 

The training program consisted of five sess~ons: one introductory 

session, three instructional sess~ons, and one "hands-on" practice 

exercise. The individual sessions took about 20 to 45 minutes for 

presentation, and were delivered on five successive work days. Each of 

the three instructional sessions was developed around five critical 

behaviors meeting the above criteria, for a total of 15 operationally 

defined, safe work practices, around which the entire training and 

performance feedback program was based. 

The three instructional sess~ons, utilizing the audiovisual material, 

were set up in the following manner. A first slide introduced the 

situation to be trained. A second slide or set of slides showed typical 

incorrect ways of handling the situation. A third slide or set of slides 

showed the correct procedure. This approach ensured that the proper safe 

work practice was the last bit of information presented to the trainees. 

Active learning was promoted through two types of trainee participation. 

First, semi-structured discussion immediately followed each training item 

(hehavior). Also, ~n the final (fifth) session, a practice exercise was 
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developed which required performance of all behaviors and promoted a peer 

modeling approach to reinforcement of correct work practice. The peer 

modeling approach required all trainees to score, and thus observe the 

performance (correct or incorrect) of each trainee as he went through the 

entire practice course layout. Scores were specifically not 

intercompared so as to avoid promoting competition. 

A post-training management program was also developed. It consisted of 

several elements. Daily feedback, or knowledge of results, in the form 

of verbal and po~ted summaries of group performance was provided. This 

was combined with group performance goal setting i.e., a goal of better 

than 80% overall correct performance was agreed upon by the group. The 

trainer, a first-line supervisor meeting specific criteria of leadership, 

experience and communication skills, provided performance feedback 

including individualized coaching as necessary, in a positive, 

constructive and confidential manner. Essentially the supervisor/trainer 

acted as a coach of correct work practices, much as a sports coach 

instructs members of his team to refinements in their game. Thus, 

progressive increments in desired behavior were shaped on an individual 

basis as required. Finally, all levels of management had input into the 

development and execution of both the training and management program and 

firmly supported it throughout. The program was designed to be a company 

program, i.e., it met company needs, was developed and executed with 

management assistance, and was provided to management in final form for 

continued use. 
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Thus, the training was reinforced by combining elements of: (1) trainee 

participation; (2) performance feedback; (3) group performance goal 

setting; (4) peer group modeling; and ultimately (5) management support 

and follm., through. 

Program Evaluation 

The program evaluation was based on the results of on-the-job behaviors 

observed before and after the training. Of the fifteen criterion 

behaviors used in the training program, fourteen proved usable as 

measures of performance. One behavior requested by management was not 

included 1n the final analysis due to limited opportunity for 

observation. Three observers were trained in precise methods for 

observing the criterion behaviors. A separate training program was 

developed for observers and they practiced at a practice warehouse (also 

the site where training program slides were taken) until their 

interobserver reliabilities exceeded .8 on the Cohen's Kappa Statistic 

(Cohen, 1960). Cohen's Kappa controls for chance agreement and is, 

therefore, more conservative than percent agreement. Actually, 

interobserver reliability exceeded .9 during the data collection phases 

of the study, a level considered to be exceptional. Weekly checks on 

observer reliability were made throughout the assessment phases of both 

studies. 

Each warehouse was divided into eight observation locations. Observers 

rotated through these locations according to a rotation schedule, which 
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ensured a random starting point and equal coverage by all observers. An 

observer stayed in a single location for approximately one-half hour, and 

then rotated stations. Observer rest breaks were interspersed throughout 

the daily sessiop. All shift hours were sampled. 

The fifteen behaviors were arrayed as columns on a data recording sheet. 

After a lift-truck operator drove within an observation location, the 

observer filled out a row on the data recording sheet by marking a plus 

for each observed behavior which was correctly performed, a minus for 

each observed behavior which was incorrectly performed, and a zero for 

each behavior which was not observed. 

Frequency counts and error rates were computed daily. Computer printouts 

were provided to the supervisor/trainer for daily performance feedback 

to those operators receiving feedback. 

Experimental Settings 

Two studies, each employing a different experimental design, were 

performed. The two studies utilized two separate warehouses. The 

warehouses were both large, regional, "big ticket" distribution 

operations for two major, national retailers. Both were located 1n 

Southern California, and, despite different managements, displayed 

remarkably similar operational and employee characteristics. For 
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example, both facilities were new, each employed 48 lift truck operators 

(all q6 of whom were eventually trained), all operators were male, and 

turnover was negligible in both warehouses. Table I presents a summary 

of some employee characteristics at the two participant warehouses. 

(Table 1 here) 

STUDY 1 

Experimental Design. 

The first study, conducted at warehouse 1, utilized a between and within 

groups comparison design. Treatment groups were assigned in the 

following manner. Operators were stratified by vehicle type (e.g., 

forks, clamps, appliance handlers, cherry picker), department (which 

corresponded to different vehicle types), and relative exposure (i.e., 

observation frequency established during pre-baseline observations). 

Within each of the above strata, all lift truck operators were randomly 

assigned to one of three groups (12 operators per group): 0) a training 

only group; (2) a training-pIus-feedback group; and (3) a control group 

which received no training and no feedback until after the Post-training 

I observation period. Observations were compared both before and after 

training separately for each of the three groups. 
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Another 12 employees who were occasional lift truck operators were 

eventually trained along with the control group because management 

requested that they be trained. However, observational data from these 

occasional operators were not included 1n the Post-training II and 

Retention phases of the study. 

The experiment was divided into four phases: (1) the Pre-training phase 

during which none of the operators had been trained; (2) the Post­

training I phase during which the control group remained untrained, the 

treatment group had received training, and the treatment-pIus-feedback 

group had received training and were also receiving performance feedback; 

(3) the Post-training II phase during which all three groups had received 

training but only the training-pIus-feedback group received performance 

feedback; and (4) the Retention phase which started three months after 

the end of the Post-training II phase (and the end of the feedback 

program) • 

Observations were double-blind, i.e., at no time were either observers or 

operators informed that different treatments were being evaluated, nor 

did they know to which group operators had been assigned. The operators 

in the control group and the occasional operators were told that they 

would be trained at a later time due to schedule constraints. Operators 

were recognized by a reliable, two-step coding system utilizing composite 

pictures and code names, the key to which was available only at the 

remote data processing center. In a very short time, operators were 

easi ly "recognized" by observers without the need to resort to the 
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composite pictures provided for verification, simply through code names, 

which were designated according to some distinguishing feature or 

characteristic of the operator. 

Results 

Figure 1 and Tables 2-5 Summar1ze the results of Study 1. Figure 1 and 

Table 2 show that pre-training error rates were comparable and stable for 

all three experimental groups, averaging .34. Following the initial 

training all three groups showed a decrease in their mean error rates 

(see Table 3) with the training-pIus-feedback group showing the largest 

decrease (23%) followed by the training only (18%) and control (6%) 

groups. The calculated F value was significant at the .01 level, 

F(2,38)=7.S8. Post~oc analysis, using the Duncan Multiple Range 

Procedure, indicated that the training and training-pIus-feedback groups 

each differed from the control group (p < .05), during the Post-training 

I phase, but did not differ significantly from one another when 

individual values were examined throughout the duration of the 

Post-training I treatment phase. Toward the end of the Post-training I 

phase the error ~ates of the three groups tended to converge, suggesting 

that the effects of the intervention program had begun to wear off. 

Observers also noted that some behaviors were becoming compromised when 

trained operators had to interact with untrained, control group 

operators, particularly when the behaviors involved conflict avoidance 

situations such as signaling and yielding at blind intersections. 
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(Figure 1, Table 2, and Table 3 here) 

Following the Post-training I phase the control group and occasional 

operators were trained so that during the Post-training II phase all 

operators had been trained. The results presented in Table 3 indicate 

that the performance of all three groups improved (greatest for the 

original control group--28% versus 7% and 4% added improvement for the 

training-pIus-feedback and training only group, respectively). 

Subsequent discussions with operators indicated that a peer modeling 

influence was taking over, i.e., the control group operators were 

modeling the behavior of their previously trained counterparts. 

Similarly, meeting other operators in potential conflict avoidance 

situations, such as occurred at intersections, was now reinforcing to the 

originally trained operators because nearly all operators were utilizing 

the correct procedures, e.g., signaling and yielding. Further evidence 

of modeling can be deduced from the finding during Post-training I that 

"control group" operators actually showed a slight improvement of 6% over 

baseline before they were formally trained 

Each phase of training program assessment represented a duration of about 

one calendar month. After completion of the Post-training II phase, 

about three months' was allowed to elapse before returning to warehouse 1 

to see if retention of the safe work practices had occurred. The results 

are shown graphically on Figure 1. The mean group error rates reported 
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~n Table 2 showed an additional improvement, decreasing from a rate of 

0.2) ~n the Post-training II phase to 0.19 ~n the Retention phase. 

The total perforrr.ance ga~n demonstrated ~n Study 1 was 44% improvement 

from pre-training (baseline) levels. A one-way analysis of variance for 

performance error rate as a function of success~ve phases of the training 

program ~n warehouse 1 indicated a strong treatment effect, ~ (2, 29) 

61.67, E (0.0001. Post-hoc comparisons using the Duncan test 

demonstrated that more errors were observed during the Pre-training phase 

than during each of the successive phases, i.e., Post-training I, 

Post-training II, and Retention. In other words, there were 

significantly fewer errors at each successive phase of training program 

assessment. 

Table 4 shows the percentage change in mean error rate for each of the 

fourteen individual behaviors used for performance evaluation. 

Improvement occurred ~n twelve behaviors. Not unexpectedly, one 

behavior (keeps all body parts within the truck) showed no improvement 

from its initial low error rate of 0.01 in warehouse 1. The other 

behavior which did not ~mprove was the behavior which calls for the 

trucks to be driven in reverse. The mean error rate actually increased 

slightly from 0.49 to 0.51. Inquiry into the latter behavior revealed 

that operators at this warehouse resisted this change in behavior 

because the lift trucks in warehouse 1 were propane powered (as opposed 

to clean burning, battery powered lift trucks in warehouse 2) and driving 
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~n reverse caused them to breathe in nox~ous fumes. Furthermore, 

continuous looking over one's shoulder is an unnatural and uncomfortable 

posture to assume for prolonged periods. 

(Table 4 here) 

Table 5 shows a breakdown of individual behaviors by number and percent 

of total observations. The distribution of observation rates indicates a 

range of about 1 to 16% for individual behaviors with a median of about 

9%. Clearly, no single behavior could be considered dominant to the 

point of skewing the results. Furthermore, the very stable and signif­

icant results of this study are clearly due to a combination of high 

inter-observer reliability coupled with the rather large number of 

observations (N = 50,488). 

(Table 5 here) 

STUDY 2 

Experimental Design. 

A second stuoy was conducted ~n order to verify and extend the findings 

of the first study. The goal was to partially replicate the findings and 

hopefully demonstrate an even stronger effect due to introduction of the 

training program. Consequently, a modified experimental design was 
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employed in order to eliminate the partially mitigating influence of the 

experimental groups interacting in conflict avoidance situations such as 

those which occur at intersections. 

In the second study performed at a second warehouse (previously 

described), a within groups only comparison was performed. That 1S, all 

48 lift truck operators at warehouse 2 were trained at the same time, and 

they all received performance feedback. Comparisons were made only 

before and after training. In addition, the schedule of the second study 

was abbreviated because it was clear from the results of the first that 

less time and a fewer number of observations would be sufficient 1n order 

to achieve stable and significant results, especially with the even lower 

error term expected utilizing a within subjects design. Each phase of 

the study, therefore, corresponded to two calender weeks of observation 

time. 

Results. 

The results of the second study are presented in Figure 2 and Tables 

6-q. Figure 2 and Table 6 show that pre-training error rates were 

stable, averaging .23. Post-training error rates were likewise very 

stable throughout the observation period (Sessions 7-12), resulting in an 

immediate 61% imrrovement in performance scores. 

(Figure 2 here) 
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Once again, the study team returned to the second warehouse, after a 

period of three months following post-training observations in order to 

see if retention of the modified work practices had occurred as was 

observed in warehouse 1. Similar to the findings of the first study, not 

only was retention of the safe work practices evident, but an additional 

reduction of 22% 1n mean error rates was observed, thus closely 

corresponding to the 24% additional gain demonstrated in Study 1. 

(Ta hIe 6 here) 

The overall net improvement in mean error rates (Table 7) due to the 

training and feedback program was indeed stronger than that observed 1n 

Study 1 (70% vs. 44%) and ,.,!as highly significant, F (2, 16) 307.75, 

E (.0001. Post-hoc analyses uS1ng the Duncan test confirmed that mean 

errors at each phase of training program assessment were significantly 

different. In other words, pre-training errors were clearly greater than 

those at post-training, which in turn were significantly higher than 

those observed during the retention phase, all in the predicted 

direction. The very strong and stable effects were, once aga1n, 

attributed to the large number of observations (N = 12,107) and high 

interobserver reliability coupled with the modified experimental design 

which served to minimize experimental error. 

(Table 7 here) 
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Table 8 shows that large improvement occurred for all behaviors, even 

behaviors 11 and 14 which manifested differently in Study 1. Overall 

pre-training error rates were lower for the second warehouse as compared 

to the first (.23 vs •• 34) as were overall mean error rates during the 

final (retention) assessment phase of both studies (.07 vs •. 19). Indeed 

improvement was generally stronger for all behaviors observed in 

warehouse 2 despite the fact that operators there generally exhibited 

fewer errors prior to the introduction of training. 

(Table 8 here) 

Table 9 shows that, similar to Study 1, no single behavior dominated the 

observed effects, with percent of total observations for each behavior 

ranging from about 1 to 15% with, once again, a median of about 9%. In 

point of fact, the actual distribution of percent observations seen for 

warehouse 2 in Table 9 versus that obtained from warehouse 1 in Table 5 

is remarkably similar, which supports the impression that the functions 

and activities at the two warehouse facilities were quite comparable. 

(Table 9 here) 

DISCUSSION AND CONCLUSION 

These two studies made use of a behavioral (work) sampling procedure to 

obtain objective data about work practices which correlate with injury 
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risk. Although the technique has been rarely used in the past, it proved 

to be an invaluable method for objectively measuring the effects of 

s a f e t y t r a in i ng • It also proved useful in serving as the basis for 

training program development and providing performance feedback. 

visibility is a real problem with present lift truck designs. This is 

underscored by the results of our injury data analysis, as well as that 

of Coleman et a1., (1978), that the majority of lift truck accidents 

occur to pedestrians and not to the operator himself. While it is true 

that driving in the forward direction limits the operator's clear view of 

the path ahead, a rule which requires truck operators to twist their 

necks for long periods of time (and, perhaps breathe in noxious fumes 

from LP-gas powered trucks) in order to look over their shoulders in the 

rearward direction of travel, is clearly not an optimal situation from an 

ergonom1cs point of V1ew. In addition to the unnatural and uncomfortable 

neck twisting posture required for frequent rearward maneuvering, 

visibilitv is still restricted, particularly on the operator's blind 

side. This and other problems such as non-standardized controls which 

violate population stereotypes, point to the pressing need for increased 

use of improved ergonomically-designed lift trucks, which, in turn, 

should further serve to enhance safe lift truck operation. 

The results of the two studies show that a well designed and administered 

occupational safety training program, emphasizing safe work practices and 

derived from a true assessment of need, can be effective 1n improving 
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on-the-job behavior. Even better performance can be achieved by 

following the training with a program based on goal setting and 

performance feedback supplemented with informal peer group modeling. 

This is similar to the conclusions reached by Locke (1980) 1n an 

assessment of past research. Additionally, the improved performance can 

also endure well beyond the cessation of daily performance monitoring and 

feedback. The explanation for the enduring effects of the program 

appears to be that habits were changed due to continued practice 1n the 

safe work procedures, coupled with a redefinition of group norms which 1S 

self-sustained through the interacting influences of peer modeling of 

desired behaviors and continued management support of the program. 

These conclusions support that of Zohar (1980) which suggest that 

informal influences, such as peer modeling and management support, are 

the ultimate and most practical types of reinforcement necessary to 

sustain modified, safe work practices, following cessation of any variety 

or combination of more formalized, behavior management programs such as 

performance feedback, goal setting, supervisor praise, and rewards. 
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TABLE 1 

Summary of Certain Lift Truck Operator Characteristics at the Two Participant Warehouses 

Whse 

1 x 34.2 

R = 23 - 50 

2 x 33.9 

R 21 - 48 

Marital 

Status 

Mar ri ed = 71% 

Single = 21% 

Divorced = 8% 

Married = 66% 

Single = 25% 

Divorced = 9% 

Experience 

at Job 

(Years) 

x = 7.6 

R = 1 -20 

x = 6.9 

R 1 - 18 

-27-

x 

R 

Education 

Level 

(Years) 

11. 7 

6 - 14 

x = 12.2 

R 8 - 14 

Accident 

Frequency 

Accident 

Severity 

Per Operator (Lost Workdays 

3 Year Per. Per LWD Case) 

x = 1.1 

R 

x 

R 

0-4 

1.0 

0-3 

x 16.7 

R = 1 - 89 

x 15.7 

R = 1 - 76 



TABLE 2 

Sumary of Mean Error Rates (Warehouse 1) 

Group 

CDNTROL 

TRA WING 

TRA IN ING PL US 

FEEDBACK 

ALL OPERA TORS 

Pre-tra ining 

.34 

.33 

.35 

.34 

Post-training I 

-28-

.32 

.27 

.27 

.27 

Post-tra ining I I 

.23 

.25 

.25 

.25 

Retention 

.19 



TABLE 3 

Percent Decrease 1n Mean Error Rates (Warehouse 1) 

Pre-training vs. Post-training I vs. Post-training II Pre-training 
Group Po st-tra ining Post-training II vs. Retention vs. Retention 

CDNTROL 6% 28% 

TRAINING 18% 4% 

TRA INING PLUS 23% 7% 

FEEDBACK 

A LL OPERA 10 RS 11% 24% 44% 

-29-



TABLE 4 

Percent Change in Error Rates for Individual Behaviors (Warehouse 1) 

BEHAVIOR 

PRE-TRA INING 
MEAN 

ERROR RATE 

1. WARNS TRUCKS 

2. YIELDS TO TRUCKS 

3. WARNS COWORKERS 

4. YIELDS TO COWORKERS 

5. SOUNDS HORN AT BLIND 
INTERSECTION 

6. SLOWS DOWN AT BL IND 
INTERSECTION 

7. LOO KS /BL IND 
INTERSECTION 

8. LOOKS IN DIRECTION 
OF TRAVEL 

9. MA INTA INS MODERATE 
SPEED 

10. AVOIDS QUICK STARTS/ 
CHANGES OF DIRECTION 

11. KEEPS ALL BODY PARTS 
WI THIN TRUCK 

12. MA INTA INS FORKS IN 
PROPER PO SI TION 

13. MAINTAINS BALANCED 
LOAD 

14. DRIVES IN REVERSE 

ALL BEHAVIORS 

.82 

.68 

.89 

.93 

.86 

.67 

.67 

.33 

.42 

.25 

.01 

.31 

.13 

.49 

.34 

-30-

RETENTION 
MEAN 

ERROR RATE 

.50 

.44 

.42 

.37 

.53 

.47 

.38 

.19 

.20 

.14 

.01 

.13 

.04 

.51 

.19 

PERCE NT CHANGE 
IN ERROR RATE 

3970 

35% 

53% 

60% 

38% 

30% 

43% 

42% 

52% 

44% 

o 

58% 

69% 

-4% 

44% 



TABLE 5 

Percent of Total Observations for Individual Behaviors (Warehouse 1) 

NUMBER OF PERCENT OF 
BEHAVIOR OBSERVA TIONS TOTAL OBSERVATIONS 

1. WARNS TRUCKS 392 1% 

2. YIELDS TO TRVCKS 617 1% 

3. WARNS COWORKERS 816 2% 

4. YIELDS TO COWORKER S 1393 3% 

5. SOUNDS HORN AT 
BLIND INTERSECTION 769 2% 

6. SLOWS DOWN AT 
BLIND INTERSECTION 766 2% 

7. LOO KS /BL IND 
INTERSECT ION 731 1% 

8. LOOKS IN DIRECTION 
OF TRAVEL 7849 15% 

9. MA INTA INS MODERATE 
SPEED 6383 l3% 

10. AVOIDS QUICK STARTS/ 
CHANGES OF DIRECTION 5141 10% 

II. KEEPS ALL BODY PARTS 
WITHIN TRUCK 7915 16% 

12. MA INTA INS FORKS IN 
PROPER PO SI TION 7685 15% 

l3. MA INTA INS BALANCED 
LOAD 4306 9% 

14. DRIVES IN REVERSE 5725 11% 

ALL BEHAVIORS 50,488 100% 

-31-



TABLE 6 

Summary of Me an Error Rates (Warehouse 2) 

Pre-training Po st-training Retention 

.23 .09 .07 

-32-



TABLE 7 

Perc ent De ere ase l n Me an Error Ra tes (Warehouse 2) 

Pre-traini ng 

vs. Post-training 

61% 

-33-

Post-training 

vs. Retention 

22% 

Pre-training 

vs. Retention 

70% 



TABLE 8 

Percent Change in Error Rates for Individual Behaviors (Warehouse 2) 

PRE-TRA INING RETENT ION 
MEAN MEAN PERCENT CHANGE 

BEHAVIOR ERROR RATE ERROR RATE IN ERROR RATE 

1- WARNS TRUCKS .18 .04 771. 

2. YIELDS TO TRUCKS .28 .11 61% 

3. WARNS COWORKER S .64 .13 801. 

4. YIE LDS TO COWORKERS .64 .24 63% 

5. SOUNDS HORN AT 
BLIND INTffiSECTION .31 .06 81% 

6. SWWS DOWN AT 
BLIND INTERSECTION .63 .25 607. 

7. WOKS/BLIND 
INTERSECTION .42 .13 69% 

8. WOKS IN DIRECTION 
OF TRAVEL .30 .11 63% 

9. MA INTA INS MODERATE 
SPEED .24 .09 63% 

10. AVOIDS QUICK STARTS/ 
CHANGES OF DIRECTION .14 .03 797. 

11- KEEPS ALL BODY PARTS 
WI THIN TRUCK .15 .02 8710 

12. MA INTA INS FORKS IN 
PROPER PO SI TION .16 .07 56% 

13. MA INTA INS BALANCED 
WAD .12 .04 671. 

14. DRIVES IN REVERSE .17 .03 82% 

ALL BEHAVIORS .23 .07 70% 

-34-



TABLE 9 

Percent of Total Observations for Individual Behaviors (Warehouse 2) 

BEHAVIOR 

1. WARNS TRUCKS 

2. YIElDS TO TRUCKS 

3. WARNS COWORKERS 

4. YIElDS TO COV;ORKERS 

5. SOUNDS HORN AT 
BLIND INTERSECTION 

6. SLOWS DOWN AT 
BLIND INTERSECTION 

7. LOOKS/BLIND INTERSECTION 

8. LOOKS IN DIRECTION 
OF TRAVEL 

9. MA INTA INS MODERATE 
SPEED 

10. AVOIDS QUICK STARTS/ 
CHANGES OF DIRECTION 

11. KEEPS ALL BODY PARTS 
WITHIN TRUCK 

12. MA INTA INS FORKS IN 
PROPER PO SI TION 

13. MA INTA INS BALANCED 
LOAD 

14. DRIVES IN REVERSE 

ALL BEHAVIORS 

NUMBER OF 
OBSERVATIONS 

104 

143 

121 

196 

490 

488 

465 

1819 

1446 

1100 

1834 

1799 

1040 

1062 

12,107 

-35-

PERCENT OF 
TOTAL OBSRRVATIONS 

1% 

1% 

1% 

2% 

4% 

4% 

4% 

157. 

12% 

9% 

15% 

157. 

9% 

9% 

100% 



Figure 1. 

Figure 2. 

LIST OF FIGURES 

Mean Error Rates for Successive Phases of the Training 

Program (Warehouse 1) 

Mean Error Rates for Successive Phases of the Training 

Program (Warehouse 2) 
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