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THE INFLUENCE OF ERGONOMICS TRAINING ON EMPLOYEE BEHAVIOR AT

LOS ALAMOS NATIONAL LABORATORY

LESLIE GUTHRIE PUCKETT

ABSTRACT

A survey of employee behavior was conducted at Los Alamos National Laboratory

(LANL).  The objective of this study was to evaluate the prevalence of ergonomic

behavior that decreased the chance of having a work-related musculoskeletal disorder

(WMSD) among employees.  The null hypothesis was tested to determine if there was a

significant difference in ergonomic behavior between trained and untrained employees.

The LANL employees were stratified by job series and then randomly selected to

participate.  The data were gathered using an electronic self-administered behavior

questionnaire.  The study population was composed of 6931 employees, and the response

rate was 48%.

The null hypothesis was rejected for twelve out of fifteen questions on the questionnaire.

Logistic regression results indicate that the trained participants were more likely to report

the risk-avoiding behavior, which supported the rejection of the null hypothesis for 60%

of the questions.  There was a higher frequency that the beneficial or risk-avoiding

behavior was reported by the uninjured participants.  Job series analysis revealed that

ergonomics is an important issue among participants from all the job series.  It also
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identified the occupational specialist classification (an administrative job), as the job

series with the most occurrences of undesired ergonomic behaviors.

In conclusion, there was a significant difference between the trained and untrained

participants of the beneficial ergonomic behavior in the reported risk reducing behaviors.

Leslie Michelle Guthrie Puckett
Environmental Health Department
Colorado State University
Fort Collins, Colorado 80523
Fall 2000
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CHAPTER I

INTRODUCTION

Ergonomics is concerned with designing jobs, machines, operations, and work

environments so they are compatible with human capacities and limitations.  A goal of

ergonomics is to decrease injury and therefore increase comfort and productivity by

making personnel aware of the risk factors.(1)

Ergonomics training increases employee awareness of his/her surroundings and teaches

skills that when used will decrease or eliminate risk factors that lead to illnesses called

work-related musculoskeletal disorders (WMSDs). WMSDs include cumulative trauma

disorders (CTD) and repetitive strain injuries.  The four primary ergonomic risk factors

that can lead to injuries are posture, force, frequency and duration.  Desired ergonomic

behaviors are positive work habits that lead to a decrease in the number of ergonomic-

related injuries and decrease the number of lost workdays.  Ergonomics training is a

personal intervention that influences attitude, knowledge, beliefs and behaviors about

occupational risk factors.(2)  Ergonomics training, as with any safety program, has the

ability to reduce the risk of injuries by influencing behavior.(3)  Hence, training is offered

as a single solution to the complex problem of reducing workplace injuries.

In 1998, the Bureau of Labor Statistics reported that 592,500 work-related

musculoskeletal disorders involved time away from work.  The median was 7 days away
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from work for private industry.(4)  Employers pay approximately $15-$20 billion in

workers' compensation costs for these disorders every year.(5)  WMSDs currently account

for one-third of all occupational injuries and illnesses reported to the Bureau of Labor

Statistics by employers every year.(5)

Los Alamos National Laboratory (LANL) has had a formal ergonomics program in place

for four years.  The program has become more diverse and accessible with the use of

computers and additional facets like a demonstration room for ergonomics equipment.

New ergonomics courses have been introduced recently for office workers, including an

ergonomics scorecard training course.  Because the ergonomics program is relatively

new, its performance has been evaluated with lost workday cases and total recordable

injuries.  Often times safety professionals concentrate on outcome statistics like lost

workday cases and workers compensation costs because the results are easy to obtain and

they are concrete results.(6)  These quantitative results are important for showing

management the actual reduction in injuries and illnesses, which is an indirect measure of

the effectiveness of a safety program like the ergonomics program.  However, for the

program to continue to improve, specific measures, such as the efforts of training courses,

need to be evaluated to mitigate hazards.

While there are many different types of work environments and occupations at LANL,

this research focused on computer workstations and the ergonomics training courses

directed toward office workers.  These courses enable employees to recognize ergonomic

risk factors in their workspace that can lead to injury or illness and act to control them.
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The instructors who teach training courses focus on awareness of the participants needs,

and provide corrective strategies.(7)  The improvement suggestions taught in the office

ergonomics courses are intended to correct employee behavior that would result in illness

or injury.  This research examined whether there was a significant difference in the

behavior between trained and untrained employees in reducing or eliminating their

exposure to ergonomic risk factors.
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CHAPTER II

LITERATURE REVIEW

Beginning in 1996, LANL senior executives recognized that the overall Environment,

Safety and Health (ESH) performance at LANL could be improved.  They formed a team

to address the issue of ESH performance.  The team developed Integrated Safety

Management (ISM) which is a system for performing work safely.  It was developed to

achieve an injury free workplace.(8)  The definition for ISM(8) is, “ISM is a

comprehensive, systematic approach for setting, implementing, and sustained execution

of safety expectations for the Laboratory [LANL].”

ISM uses the theory behind Shewhart’s quality cycle of designing a product, production,

marketing and testing the product.(9)  Ergonomic safety is one topic in the ISM system

that is integrated using the following cycle: defining work, evaluating hazards,

developing controls, performing work and ensuring performance. To ensure the ISM

topic on ergonomics functions optimally, performance measurement and data analysis is

required.

During an ergonomics strategic planning meeting at LANL in July 1999, the health and

safety employees in attendance considered the ergonomics training program a strength of

the ergonomics program.  The training program includes ergonomics for office workers,

non-office workers, and ergonomic scorecard training.  One question raised by the
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professionals at the meeting was, “Do people actually take their training further and do

something about their workstations?”  This research was conducted as a result of this

meeting and the observations that more evidence was required to justify the benefits of

the training program.  The null hypothesis tested in this study is that there is no difference

in ergonomic behavior between trained and untrained employees was created and tested.

To create the questionnaire and conduct the research the following topics were

researched: 1) the history of the LANL ergonomics program; and 2) the office training

courses available, and the various methods for LANL employees to increase their

ergonomic awareness. In the literature, it was discovered that the behavior-based

approach to safety concentrates on improving employee performance to decrease injury.

Improving employee behavior is often accomplished with training.  The effectiveness of

any intervention, like training, needs to be evaluated to establish its strengths and

weaknesses.  However, among the many ergonomic programs found in the literature, few

determined program effectiveness in changing employee behavior, and none used

questionnaires that would gather the appropriate information required for this research.

Therefore, the areas of questionnaire design and distribution were researched along with

the most appropriate study design.  The questions in the survey were based on behavioral

risk factors; posture, force, frequency/ repetition, and duration that are supported by

National Institute for Occupational Safety and Health (NIOSH) and American National

Standards Institute (ANSI).(10)  Emphasizing the desired behavior for these risk factors

helps to eliminate the hazards encountered in ergonomics.
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Background LANL Ergonomics Program

The Laboratory Implementation Requirements (LIR) for ergonomics were developed at

LANL to establish how the ergonomics program was to be managed, measured, and

improved.  The requirement went into effect October 1998. The LIR required a report of

the effectiveness and overall performance of the ergonomics program.(11)  The priorities

of concern during the implementation of the program were program evaluation and

training employees about musculoskeletal disorders to increase awareness.(11)  It is known

that the impact of an intervention is measured by the decrease in the occurrence of

actions involving undesirable behavior.(12)  Examples of how the program can be

quantitatively evaluated include decreases in injury/illness numbers, which are usually

presented as lost workdays, worker’s compensation costs for ergonomic injuries, and

total recordable incidence.  At LANL, the number of OSHA recordable ergonomic

illnesses that resulted in lost workdays was 121 in 1997, 64 in 1998, and 45 for 1999.

The ergonomics program at LANL consists of training and various methods to increase

awareness.  Employee awareness of ergonomic hazards and risks is increased with office

evaluations conducted by trained personnel and with visitation to the ergonomic

equipment demonstration room that is open to all Laboratory employees.  Both these

services offer advice and knowledge to those who seek it.  The training courses offered at

LANL, directed at the office worker, include two separate classes, one entitled

“Ergonomics for Office Workers” and the other entitled “Ergonomic Scorecard

Training.”  Training also occurs at group level meetings, and with individuals through

self-study.  The official office courses are offered at no charge to the LANL employees.
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Both courses are two-hour classroom lectures with instructors.  Training courses are

meant to influence beneficial behaviors and improve working conditions. (7)  This type of

training is a proactive approach to prevent injury in the workplace.  Ergonomics for

office workers has been offered consistently for the past ten years, while the ergonomics

scorecard course has only been offered since 1998.  Ergonomics scorecard training

overview office and non-office workstation hazards along with personal assessment skills

that allow the employee to evaluate his/her own workstation for ergonomic hazards.  Real

situations are analyzed in both courses, which have been found to help improve attitudes,

knowledge, and skills.(7)  Both ergonomics courses have been introduced at LANL to

educate the employees, and to comply with the LANL ergonomics program requirements.

LANL is trying to accomplish Coury’s(13) statement of training, “The main idea is to

provide knowledge about factors of risk present in the worksites and stimulate some

action in implementing preventive measures by the participants themselves.”

Background Behavior and Safety

Behavior, both desired and undesired, result from the interaction between the individual

and the environment.  The behavior-based approach to safety is a safety program

intended to decrease injury by motivating employees to improve their performance and

decrease the presence of undesirable behaviors.(6,14,15,16)  It uses assessment,

implementation, and continuous performance improvement.(17)  During assessment, an

analysis of the hazards associated with an employee’s job is carried out with interviews,

observation and surveys to analyze the strengths and weaknesses of the current safety

measures.  As well as identifying specific behaviors that represent safe and unsafe
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practices,(16,17) once the frequency, duration, or rate of behavior is measured, an

intervention is implemented to change the behavior in beneficial directions.(15)  Training

is a means of implementing change, and continuous improvement is maintained with

feedback and positive reinforcement.  Krause(17) states, “The driving mechanism for

continuous improvement in safety is the proper use of behavioral and statistical science

coupled with employee involvement.”

The behavioral science, ABC model, has established that activators (A) direct behaviors

(B) and behavior is motivated by consequences (C).(6)  Activators and consequences are

external forces that behavioral psychology principles state drive human behavior.(18,19,201)

Therefore behavior can be influenced by an external measure like training.  Applied

behavioral analysis (also called behavior modification) is an application of behavioral

psychology, which is a self-evaluating procedure for studying and improving a specific

behavior.(20,21)  A behavior can be positively modified by change, improvement, and

elimination.(20)  Applied behavior analysis allows preventive measurement and

evaluation.(22)  This preventive measure helps determine if the safety program is having

the desired effect.

It was found that the behavior-based approach to safety had a significant impact on health

and safety by decreasing incidents and injuries as well as increasing morale.(23)  It

changes the entire safety culture and ultimately leads to increased awareness of critical

behaviors.(23)  King et al.(3) states, “safety training programs have the potential to reduce

the risk of accidents and injuries by influencing behavior toward safer work methods.”
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This can decrease injuries/illnesses that result from work-related musculoskeletal

disorders.  Krause(24) states, “behavior can be measured and therefore managed, whereas

attitude presents measurement problems.  A change in behavior leads to a change in

attitude.”

Psychology of Training

Psychology and behavior modification principles form the basis for effective health and

safety training programs.(25)  Training is a means of communicating safe and unsafe

behaviors to employees. The educational experiences are meant to stimulate cognitive

and behavioral changes among the participants.(15) Goldenhar and Shulte(2) state that

behavioral interventions are, “…designed to increase worker knowledge of and

compliance with health and safety procedures.”  Training, as part of any behavior-based

approach to safety, emphasizes employee empowerment to allow personal control over

the workplace by teaching, and encouraging employees to participate in workplace issues

such as health and safety.(2,6)  Goldenhar and Shulte(2) found, “If behavioral interventions

are not interesting and motivating (intensity) and/or the workers do not have enough

exposure to them or enough vested in the intervention (frequency, duration), the

intervention is unlikely to change worker behavior.”  This is where program or

intervention evaluation becomes crucial for proper improvement of a program.  Program

evaluation justifies the existence of training by showing that it contributes to the goals of

the company, it is used to decide whether to continue training, or whether to improve

training.
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Performance Measures

Rosenstock(26) states, “Intervention research is a type of prevention effectiveness research

that focuses on examining the utility of new and existing prevention measures in the

workplace.” Health and safety interventions usually include developing and

implementing specific process and work organization changes, worker/management

participatory safety programs, and safety and health training. (27) The practical basis for

intervention research is to determine the cost-effectiveness of the intervention and the

health effects in meaningful terms like injury rates, or quality of life years.(28)

Performance measures were designed to provide specific and quantifiable performance

targets to determine the benefits of these programs compared to the cost and time

invested.(29)  Performance measures determine if the efforts put into a program are

effective at decreasing the adverse exposures and outcomes.  These measures can help

drive the behavior of the employees and employers, which leads to the most important

factor -- employee behavior drives safety performance.  One measures performance to

communicate the strengths and weaknesses of a company, which can be a strong

motivator. (30)

One performance measure is prevention effectiveness, which determines if the prevention

or intervention is causing the desired effect.(12)  Haddix(12) states, “prevention-

effectiveness research seeks to link directly the intervention with the health outcome of

interest.”  An example is an ergonomics course linked to desired and beneficial

ergonomic behavior.  The overall goal of an intervention is to cause a positive result that

makes the intervention a worthwhile investment for the health of the employees and the

company.  Intervention research develops practical strategies and techniques that promote
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and improve health and safety.  King et al.(3) found, “Information obtained through [their]

study adds to the body of knowledge and theory relative to ergonomics training by

addressing the relationship between training methods and impact upon employees.”

Addressing the issue of training effectiveness could lead to designing better programs

that create positive attitudes and behaviors.(3)

Evaluation of Ergonomics Programs

There are a limited number of surveys reported in the literature that measure the effects

of ergonomics training on employees.(7)  Subsequently, there are few that study the

awareness and behavior of employees.  King et al.(3) created a self-report behavior survey

that contained four questions to determine employee awareness of ergonomic problems in

the workplace.  The results of this survey demonstrate that ergonomics training was

associated with recognizing and reporting hazards.  Berthelette(7) evaluated seven papers,

and the results reveal that ergonomics training programs improved working conditions.

Many times it is difficult to study the effectiveness of training alone because it is often

one component of the larger program and more effective as part of the overall

program.(31)  This is one reason for the shortage of information on evaluations of training

courses alone.  The other reason is the assumed beneficial effectiveness of training.

Ergonomics programs usually have combinations of engineering, administrative and

personal (or behavioral) controls.  Effective training includes multiple steps involving the

employee that will lead to positive changes in behavior.(17)  Several studies have multiple

steps, part of behavior-based safety, which combines training with goal setting,
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reinforcement, or feedback.(3,31,32)  These steps are more effective in reaching the

employees and causing significant improvements in safe behavior.(3,22,31,32)  Lincoln et

al.(33) found that companies with programs with more than one hazard control were more

successful at decreasing the incidence of CTDs, but found little evidence suggesting

personal intervention alone decreased the risk factors that lead to injury.  Komaki et al.(32)

found that training alone only slightly improved performance, but once training was

combined with another element of the ergonomics program, the desired performance was

sustained.

In contrast to requiring multiple controls to produce beneficial results numerous program

evaluation studies were reviewed by different researchers who found that ergonomics

training alone reduced injury rates and lost workdays.  It was also found that multiple

safety measures were present but not always necessary in the intervention process to

decrease ergonomic hazards.(2,34)  One study had only ergonomics training, which yielded

a 43% reduction in back injury incidence.(35)  Another study had several measures, which

included training that reduced the incidence of musculoskeletal injury by 40%.(36)

Coury(13) found that the personal intervention by itself in the form of a self-administered

ergonomics training manual increased participant awareness.  This awareness increased

the number of reported injuries.(13)  This result occurred because the participants were

able to link ergonomic problems in their work environment to physical symptoms as a

result of the self-training thus providing evidence that awareness was increased.  A few

studies discovered that ergonomics training increased employee recognition and

knowledge of hazards, which lead to increased reporting of risk factors, but not
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necessarily injuries.(3,7,37)  Brisson et al. (38) reported a decrease in postural stressors (risk

factors) and a significant decrease in WMSDs after the participants were trained. When

ergonomics training was one part of a hazard control intervention, injury rates and lost

workdays were reduced.(2,34)  Studies of ergonomics training effectiveness have reported

various outcomes, but several did find that training alone increased awareness, changed

behaviors, and often decreased injuries.(2,3,13,38)  This is why evaluation of ergonomics

training is crucial to determine its strengths and more importantly training weaknesses

that can be changed to create a more effective training program.

“The primary reason for requiring the training of workers in safety and health is the

assumed ability of education to affect the behavior of individuals and, thereby, to reduce

their health risks,” as stated by Vojtecky and Berkanovic.(39)  This assumption led many

companies to disregard the need to evaluate their programs.  OSHA has guidelines for

training programs that include evaluating health and safety programs, like ergonomics,

for effectiveness.(40)  Vojtecky and Berkanovic(39) found most programs were not

comprehensively evaluated.  As a result, these companies assumed their programs work

without knowing how effective they actually were, or where they could be improved.

NIOSH(27) also found that few interventions were evaluated but these programs were

thought to function correctly without any evidence.  It was concluded that there was a

great need for health and safety professionals to share their knowledge on evaluation

techniques of health and safety programs through published literature.(39)  More

specifically, current ergonomic intervention studies need to be reviewed. (7,34,41)  Only
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through communication can more knowledge about effective interventions to control

hazards be gained. (39)

Questionnaire Elements

Risk factors (posture, force, frequency/ repetition and duration) are behaviors that are

highlighted and emphasized during training to eliminate hazards encountered in

ergonomics.  Townsend(42) stated the occupational risk factors specifically for computer

workstations were repetition, body position, force and mechanical stress in a description

of the basic elements of ergonomics training programs.  Cohen et. al(10) summarized the

most important risk factors for WMSDs in the NIOSH publication, from several

epidemiological studies, were awkward posture, forceful exertions, repetitive motions,

duration, contact stresses, vibration, and other conditions.  As a result, many companies

and agencies also use the risk factors that NIOSH established as important for eliminating

injuries.  ANSI also has a checklist for each body part on the risk factors discussed.  In

addition, a couple of companies that use these risk factors to quantify ergonomic risk are,

Human Factors(43)—BRIEF ™ survey (Baseline Risk Identification of Ergonomic

Factors) and Dow Chemical.

The questionnaire used in this study was designed to cover the specific risk factors that

are present in office workplaces, especially the risk factors emphasized in the LANL

office ergonomics courses.  The NIOSH publication contained an ergonomic hazard

identification checklist with eight questions to determine how frequently workers were

exposed to specific job conditions.(10)  This checklist had a “never”, “sometimes”, and
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“usually” response scale.(10)  This tool was a basis for creating the questionnaire used in

the current research.  However, the questions for the current research were designed

specifically for the hazards present in an office workplace.

The questionnaire is a valuable method for collecting health information.  The use of

questionnaires on computers has many advantages including speed, expense, ease of use,

and the large number of possible recipients worldwide.(44,45,46)  The disadvantages include

ignoring the message because of junk mail, or from fears of the security of the

information in the questionnaire.

The response rate for a questionnaire is affected by many variables.  These include length

of the survey, the topic, distribution method, and prenotification.  Different researchers

found prenotification and follow-up greatly increased response rates for paper

surveys.(45,47,48)  The length of the survey is also important in determining the response

rate.  A few studies discovered that a survey with fewer pages had higher response

rates.(46,49,50)  More specifically, a short survey (one page) had a 76% response rate while

a long survey (seven pages) had a 68% response.(49)  A lower response rate is acceptable

in a population that is relatively homogeneous because the non-respondents are not

expected to be different from the respondents.(51)  The topic and the level of concern the

population has with the specific topic is the issue salience.  The issue salience can greatly

affect the response rates.(46,51)  A high level of concern amongst a study population can

increase the number of responses, therefore sample selection can be important if the topic

is very specific.  Studies of electronic surveys have shown response rates that are
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favorable.(44,45,52)   One study did have an extremely low electronic survey response of

6%, however the postal response would also be considered low at 27%.(53)  Electronic

surveys offer many advantages which include speed of return, lower cost, data quality,

instant knowledge of undeliverable surveys, and the ease of asking questions with the

reply function.(52)  The percent of responses that is acceptable for a survey varies greatly

from one author to another.  Bachmann et al.(52) feel that a response rate of 52.5% is

respectable, while other researchers feel 60% and 70% are adequate response rates.(47,54)

Cross-Sectional Study Design

“Although the study designs for intervention research should be as similar as possible to a

true scientific experiment, it may not always be possible or practical when conducting

field research,” stated by Goldenhar and Shulte.(2)  In another article, Goldenhar and

Shulte(55) reviewed intervention research studies and the preferred method was a non-

experimental design with no control (cross-sectional study) or a quasi-experimental

design.  Definite advantages of the cross-sectional study design are short time frame and

the relatively low cost to conduct the research.(56)  Resources and time constraints can

significantly compromise any study design, which is why prevalence studies are fairly

common in intervention research.(7)  Cross-sectional studies can collect basic descriptive

data as well as initial exposure-outcome associations.(56)

The goal of the LANL ergonomics program is to improve the environment of the

employees by eliminating the hazards that can lead to injury.  LANL work environments

were assessed and it was determined that computer work had specific risk factors that
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were hazards.  The program implemented training courses based on these risk factors and

had office evaluation services available. There were also various other means for

employees to gain ergonomic awareness.  Program evaluation is vital for the

improvement of any safety program.  The results of this research will contribute to the

continuous improvement of the program.
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CHAPTER III

PURPOSE AND SCOPE

Purpose

Ergonomics training is used today to increase employee awareness about ergonomic risk

factors (posture, force, frequency, and duration) and ergonomic related injuries.  The

desired positive outcome of ergonomics training is to decrease the number of WMSDs

and, therefore, improve the health of the employees.  LANL offers office ergonomics

training courses in which employees learn to identify and evaluate the ergonomic risk

factors in their workplace that can trigger undesirable behavior and ultimately lead to

injury.  This research attempted to measure the awareness of desired ergonomic behavior

in trained and untrained employees at LANL.

Scope

This research will evaluate the following null hypothesis: there is no difference in

ergonomic behavior between trained and untrained employees.  Specific research

objectives include:

s Use the “Survey and Metrics” internet tool for distribution of the survey.

s Contribute to the LANL requirement of evaluating the ergonomics program for
effectiveness.

s Determine if participants with training or general awareness of ergonomics reported
the desired behavior, which decreases their risk of experiencing WMSDs.
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s Determine if uninjured participants more often report desired or undesired ergonomic
behavior.

s Determine if there are any trends in ergonomic behavior by job series.

s Develop generalized lessons learned and areas of improvement for the ergonomics
training and awareness at LANL on ergonomic risks and hazards.
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CHAPTER IV

METHODS AND MATERIALS

Study population and setting

A survey to assess the ergonomic behavior was conducted at LANL during April 2000 in

Los Alamos, New Mexico.  All subjects were employees who worked at LANL.  The

study population included 6931 full-time employees who had access to electronic mail (e-

mail).  The subjects were stratified and then randomly selected. All employees within

LANL had specific job series titles based on the primary work activities:

s OS (Organizational Specialist)

s GS (General Specialist)

s SSM (Specialist Staff Member)

s TEC (Technician)

s TSM (Technical Staff Member)

s Contractor

Stratification was done at the job series level to ensure the study population included

employees from the smaller job series categories.  Lists were generated for each job

series.  Seventy-five percent of the employees in each job series were randomly selected

to participate in the research using the Excel random number generator.  This percentage

from each group was expected to give a representative selection of office administration

employees who spent the majority of each day at their computer terminal.  The study
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population was over-sampled to accommodate the expected low response rate of twenty

to thirty percent commonly encountered at LANL.

Sample Size Calculation

Sample size calculation was done using Epi Info 6 software.(57)  The statistical power

used was .80 with a confidence level set at .95.  The equation from Fleiss (58) can be seen

in Appendix A.  The equation used was for selection of samples of unequal size.  The

approximate number of LANL ergonomics trained employees was 3000 while the

untrained number was approximately 7000.  The disease (desired ergonomic behavior) in

the unexposed group was expected to range from 10%-20%.  These figures were used to

calculate the desired sample sizes for the exposed and unexposed groups that would give

statistically significant results (see Appendix B).

Instrumentation

This questionnaire was designed by the researcher to assess employee behavior when

working at his or her computer workstation.  This self-administered instrument had 26

items (see Appendix C).  For the non-demographic questions the participants were asked

to rate the behaviors that were encouraged in the LANL office ergonomics courses.  The

participant rated his or her frequency of performing the behavior in question during a

typical workday using a verbal frequency scale.(59)  It is also called an ordinal response

scale using the following choices to questions: always, often, seldom, never.  This scale

was chosen because it represented the frequency of behavior.(59)  There were 13 questions

with the scaled response, one with a time response, and two yes/no response questions.

Eight questions were used to collect background information and demographic data for
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data analysis, and the last two questions gathered information to evaluate and ultimately

improve health and safety customer service at LANL.  The questionnaire was sectioned

into the four ergonomic risk factor areas of posture, duration, frequency and force.  The

questions were based on basic principles taught in the ergonomics courses at LANL.  The

posture section contained questions about use of the telephone, adjustment of the chair,

neck position, position of feet, and arm position.  Duration addresses the length of breaks

taken throughout the workday.  Frequency questions concerned the placement of

regularly used materials within the office, and the frequency of typing.  Force inquires

were about the energy used by the hands to perform tasks and the position of the forearms

when working.

Research Questions

The following research questions were investigated:

s Does a trained participant have an increased awareness of ergonomic risks/hazards?

s Does an uninjured participant have an increased or decreased awareness of ergonomic

risks/hazards?

s Is there a job series with a higher prevalence of the desired ergonomic behavior?

Independent variable

Training status was the independent variable in this study. The data were dichotomized

into trained and untrained to facilitate analysis.  A participant was considered trained if

he/she had any or all of the following training courses: office ergonomics training,

ergonomics scorecard training, and off-site ergonomics training.  Off-site training

included in the trained group consisted of university ergonomics courses, training at other

facilities outside LANL, and seminars on ergonomics.  The trained category also included
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participants who had increased ergonomics awareness if he/she had an office evaluation,

visited the ergonomics demonstration room at LANL, attended group meetings with

ergonomics educational videos and discussion, or commented on self-study of ergonomic

issues.  No ergonomics training was defined as attending none of the training courses (at

LANL or offsite) or events that would increase ergonomics awareness.

Dependent Variable

Responses about employee behavior and awareness of ergonomic hazards were the

dependent variable in this study.  Desired ergonomic behavior was defined as action

taken by the employee to implement changes using ergonomic principles to reduce or

eliminate hazards.  The risk factors that present ergonomic hazards focused on posture,

duration, frequency and force.  Posture is the position of the body in relation to the

workstation during all tasks. Duration is the length of time spent on a specific task.

Frequency is the repetition of the task in a given amount of time.  Force is defined as the

pressure the person exerts on any part of his or her body and includes the pull of gravity

on any part of the body.

Scale

Responses to the behavioral questions were recorded with the following scale: Always

(A), Often (O), Seldom (S), Never (N), and Not Applicable (N/A).  The data were coded

with a four-point scale to facilitate the statistical analysis (A=4, O=3, S=2, N=1, N/A=0).

The ‘always’ choice was the desired response (and was scored with four points).  The

‘never’ choice was the undesired response (and scored with one point).  In addition,

several of the questions in the survey required additional coding of the values because
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they were worded in a manner that required a reversing the scoring scale by subtracting

the original number from five (A=1, O=2, S=3, N=4, N/A=5).  For these questions, the

‘never’ choice was the desired response (and scored with four points).  The ‘always’

choice was undesired (and scored with one point). Examples of the questions used in the

survey, the scaled response, and the adjusted score are presented in Table I.

Table I.

Sample of survey questions with value for each scaled response

Question
  Section 1   Posture

1* Do you prop the phone between your head and shoulder? Always (1)    Often (2) Seldom (3) Never (4)

Coded values dichotomized 1 4

3
When you sit in any adjustable chair do you use the 
adjustment knobs? 

Always (4)    Often (3) Seldom (2) Never (1)

Coded values dichotomized 4 1
  Section 2   Duration

1
Do you take short breaks on a regular basis during the 
workday? 

Always (4)    Often (3) Seldom (2) Never (1)
N/A 
(0)

Coded values dichotomized 4 1

  Section 3   Frequency

2*
Do you store and retrieve heavy notebooks or supplies above 
your shoulder height? 

A few X a 
day (1)

Once a day 
(2)          

A few X a 
week (3)  

Never (4)
N/A 
(5)

Coded values dichotomized 1 4

3*
Do you type continuously and quickly all day that makes your 
arms and/ or hands tired or sore?

Always (1)    Often (2) Seldom (3) Never (4)

Coded values dichotomized 1 4

* Reverse scored questions.

After appropriate scoring and reverse scoring, the coded values were further

dichotomized into “desired” and “undesired” behavior for sections one through four of

the questionnaire to facilitate analysis as seen in Table I.  The response values three, four,

and five were labeled “desired” behavior, and given the coded value of four.  The values

zero, one, and two were labeled “undesired” behavior, and given the coded value of one.
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Section three, question two, had a time scaled response (as seen in Table I).  For this

question, “A Few Times a Day” and “Once a Day” were the undesired behavioral

responses, which were labeled “undesired.”  The last three choices “A Few Times a

Week” “Never” and “Not Applicable” were labeled “desired ergonomic behavior.”

Questions four and seven, in section one, were yes/no questions combined with questions

five and eight, respectively, that had the ordinal scale for analysis.

Pilot Test

The questionnaire seen in Appendix D was reviewed and evaluated for content by several

employees at LANL.  Corrections and improvements were made to the questionnaire

before it was distributed for the pilot test.  The pilot test was conducted with a sample of

32 employees.  It was conducted using paper copies of the questionnaire to allow for

additional comments.  Analysis of pilot data led to final improvements to the survey.  A

comparative study design was used to evaluate the ergonomic awareness by comparing

trained employees to untrained employees.  The raw and analyzed results of the pilot test

can be seen in Appendix D.  The results for the pilot test showed a relationship existed

between training and behavior for eight out of seventeen questions, and these questions

were all kept in the final questionnaire.  Three questions were removed from the final

questionnaire because they did not provide useful data directly related to the evaluation

of ergonomics awareness and training at LANL.  Questions were also reworded for

clarity.



26

Procedure

The survey was entered into the Surveys and Metrics Program created and maintained by

an administrative computer services group at LANL.  This program allowed participants

to access, complete, submit the survey from a web page, and remain anonymous to the

researcher.  The surveys were distributed through electronic mail.  This process involved

distributing the cover letter to the randomly selected employees using their LANL e-mail

addresses.  An advance notice letter was placed in the daily Laboratory newsbulletin one

day before the questionnaire was distributed (see Appendix E).  The cover letter that was

electronically mailed had instructions and a direct link to the web page that contained the

questionnaire (see Appendix F).  Two reminders were sent to the same employees one

each week after the initial cover letter was e-mailed (See Appendix F).  All letters

contained the Internet link to the survey and were distributed on Monday evenings for

three weeks, which ensured the employees received the survey on Tuesday morning.  A

mid-week morning was anticipated to increase the response rate.  Participants clicked on

the Uniform Resource Locator (URL), which opened the questionnaire in their Internet

browser.  Participants printed out the survey, completed and mailed it to the researcher,

or completed and submitted it electronically.  The electronically submitted surveys were

downloaded into Excel.  The software only allowed one survey to be submitted from each

computer, so employees were prevented from submitting multiple surveys.  When the

electronic data had been downloaded the paper surveys were entered, data were cleaned

up and then transferred into STATA 6.0 software for analysis.



27

Data Analysis

Statistical methods included; descriptive statistics, chi-squared tests for two by two

contingency tables, prevalence, attributable risk and logistic regression.  Pearson chi-

squared tests and probability values were calculated for each question in the posture,

force, frequency, and duration sections to test the significance of the relationship.  Cross-

tabulation (chi-square) is a common measure of the statistical significance of the

association between survey variables.(58,59)  Chi-square tests addressed the question as to

whether the exposure (training) was associated with the outcome of desired ergonomic

behavior.  A chi-square test provides the relationship and statistical significance but not

the strength of the association between the variables.(60)  The probability value indicates

how likely something occurred by chance.  A large chi-square value and subsequently a

small p-value increases the confidence for rejecting the null hypothesis.(56)  Statistical

significance was determined at the .05 level.

Prevalence and attributable risk, measures of association, were calculated.  The

prevalence of the outcome (positive behavior) among the exposed (PE) or unexposed

(PNE) participants is an association strength analysis.  The attributable risk is the

proportion of the outcome (desired behavior) that is attributed to the exposure (training).

Multivariate analysis includes many different types of calculations, and logistic

regression is one of them.  The objectives of any regression calculation are to measure the

degree and direction of the influence the independent variable has on the dependent

variable, and determine statistical significance.(59)  Logistic regression is used to predict
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the presence of a characteristic (like good behavior) based on other variables.(56)  This

was completed for three of the questions in the questionnaire.  The three questions were

chosen because of their statistical significance and high prevalence of desired behavior.

It was used to test the strength and significance of the relationships of several variables

with the dependent variable (behavior).(59)  Logistic regression is similar to linear

regression, but logistic regression must have a dichotomous dependent variable.(60)

Data clean-up

During data clean-up twelve submitted questionnaires were blank and subsequently

deleted.  Fourteen questionnaires were submitted in a paper form and therefore were

entered into the computer by hand.  These were checked against surveys already in the

database for obvious duplications.  Questions two and three of section five that asked

which LANL training courses were taken and when were marked “Never” if left blank

(unless specified otherwise in the comment field).  General clean-up and correct

classification of training was completed.  In addition, correct classification of Post-

Doctorate candidates into the TSM job series was completed.  Thirty-three non-office

workers who submitted the questionnaire but commented specifically that very little time

was spent at a computer were deleted from the data.  Forty-two employees no longer

active or without email addresses were removed from the initial list.

Limitations

The research tool was based on office ergonomics training for employees.  The

questionnaire was intended for office workers who spent the majority of their workday at
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computer terminals.  However, the survey was sent to office and non-office workers.  The

research tool was administered electronically.  Therefore, only employees with email and

frequent access to computers got the survey; however, computer access was relatively

homogeneous at LANL.

A cross-sectional study design was adopted to collect data on the prevalence of the

desired positive ergonomic behavior that decreased the chance of injury in the LANL

population.  This study design was a point in time study.  Therefore, the incidence, or the

number of events over a given period of time, was not calculated. The cross-sectional

study design makes it difficult to establish the temporal relationships of the variables--

whether the outcome was the result of the exposure or if the participant displayed the

desired outcome prior to the exposure.  Cross-sectional study designs are often used as a

starting point for exposure and outcome associations.  The results from cross-sectional

studies are then used for more in depth case control or cohort studies.(56)

The questionnaire was self-administered, which can cause some interference with the

data.(57)  However, it has been found that testing the questionnaire with a pilot study can

improve the quality of the final data collected.(56)

Selection bias results from not collecting a representative sample of participants that truly

represent the target population.(56)  Selection bias was minimized by randomly selecting

the subjects.  Ideally, the survey would have been sent to all Laboratory employees.

However, this was not feasible, so a stratified random selection of employees by job
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series was conducted to ensure a sample population that was representative of the LANL

population.  The stratified random sample allows the data to be generalized to the target

population, i.e. the entire LANL population.(56)  However, caution should be used when

generalizing the results to external populations since the training and questionnaire were

designed specifically for LANL.

Information bias can occur when the exposure (training) and outcome (behavior)

association is biased as a result of error during measurement of exposure (training) or

outcome (behavior).  Information bias can be controlled by standardizing the detection

procedures, maintaining high quality of individual measurements and adequately blinding

subjects and observers.(56)  There is less opportunity for information bias to occur with

cross sectional studies.(56)
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CHAPTER V

RESULTS AND DISCUSSION

Descriptive Statistics

Tables II-VI display the distribution of trained participants and the response rate.  These

tables also contain other various descriptive statistics about job series and injury.

Table II

Distribution of Trained and Untrained Participants

Training Description Count Percent

No
No Training or Awareness from 

any Institution
1543 46.0%

Yes
Any Training or Awareness of 

Ergonomics at LANL or beyond
1808 54.0%

Total 3351 100.0%

The percentage of participants with training and awareness from LANL or another

location constitutes fifty-four percent of the total sample population as seen in Table II.

The original stratification of the specific type of training and awareness can be seen in

Appendix G.

The data were dichotomized into “any training” and “no training” to obtain

approximately equal numbers in each category.  This was done to increase the likelihood

of achieving statistical significance in the results.  Tables with multiple rows and columns
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should have expected frequencies in each cell greater than five.  If the expected value is

less than five the chi-square is not statistically significant; therefore, the data should be

re-coded and columns combined.(59)  In the current data no cells had expected frequencies

less than five.  In addition, there are an increased number of statistical analyses that can

be performed on dichotomized data versus multiple category data.

Table III

Response Rate by Job Series and Overall Response Rate.

Description Cont. GS OS Other SSM Stdnt TEC TSM a Total
Total who participated 384 88 249 37 554 127 610 1302 3351
Initial # of subjects on list 901 200 530 914 1390 3039 6973
Final # subjects sent survey 901 199 525 913 1381 3012 6931
Total # subjects w/ email 1200 267 705 1218 1853 4054 9297
% response recvd survey 42.6% 44.2% 47.4% 60.7% 44.2% 47.4% 48.3%

 a. Students included in the TSM category for the calculated percentage of responses.

Self-administered questionnaires frequently have low response rates, and the use of

electronic surveys has shown contradictory and unpredictable response rates which can

be low(44,53); however, favorable response rates to electronic surveys have been found.(45,

46) Issue salience appears to be a strong motivator for electronic survey response

rates.(46,51)  It became apparent in this research that ergonomics is an issue that several

people at LANL are concerned with, which helped increase the response rate.  Previous

questionnaires conducted at LANL had average response rates of 30%; therefore, this

study population was over-sampled because of the anticipated low response rate.

The response rate for each job series and the overall response rate of the survey are

detailed in Table III.  The response rate of the survey was 48%.  One study felt 53% was
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an acceptable response rate.(52)  In addition, the large number of participants for this study

provides more support that a response rate of 48% is adequate.  This table included the

total number of subjects in each job series, and 75% of each category were randomly

selected.  The employees were divided and analyzed by job series to determine if the

sample was truly representative of the LANL population to account for selection bias.(56)

In addition, this was done to determine if there was a noticeable difference in the

percentage of responses for any job series.  The percentage of responses for the job series

were all approximately the same ranging from 43% to 61%, so there was not an obvious

job series that had for example 100% or only 10% response rates.

There were large peaks of responses immediately after participants received the initial

and reminders emails as seen in Appendix H.  There were a very large number of

responses the first day after the survey was sent, and the response tapered off by the end

of the week.  The pattern was repeated the following two weeks as reminders were sent,

but the total number of respondents decreased each week.  Appendix H illustrates the

lack of responses in the fourth and final week when a reminder was not sent out to the

subjects.  This figure supports the literature from Salant and Dillman(47) who emphasize

the need for reminders to increase response rate.  They suggest four mailings for a fifty to

sixty percent response rate.  This research had three mailings and almost a fifty percent

response rate.

The percentage of no response for each question was very small as seen in Appendix I.

The range of no response for each question in the questionnaire ranged from .33% to
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3.76%.  No response for the trained and untrained participants was very close for each

question, so not answering a question and the presence or absence of training were not

related.

Table IV

Distribution and Percentage of Study Participants by Training and Job Series

Job Series
Training Cont. GS OS Other SSM Student TEC TSM Total

No Training 165 11 48 24 115 70 374 736 1543
Training 219 77 201 13 439 57 236 566 1808
 % Trained w/in 
each Job Series 57% 88% 81% 35% 79% 45% 39% 44%

Total 384 88 249 37 554 127 610 1302 3351

Table IV presents the distribution of participants by their specific job series and the type

of training along with the percentage of trained participants within each job series.  The

“Other” and “Student” categories were not official job series, but were categories

included in the questionnaire for participants who did not know their official designation.

The data show that 88% of participants within the GS category were trained.  This job

series had the highest percentage of trained participants even though it only had eighty-

eight participants.  The lowest percentage (39%) of trained participants, with official job

series designations, were in the TEC category.
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Table V

Distribution of Injury for Trained and Untrained Participants

Injury
Training No Injury Injury Total
   No Training 1412 113 1525
   Training 1346 434 1780
   Total 2758 547 3305

Overall, only 547 participants or 16.5% of the sample population reported injury as seen

in Table V. Within the uninjured category, the number of trained and untrained

participants was relatively close at 48.8% and 51.2%, respectively.  However, in the

injured category, 79.3% of the participants were trained and only 20.7% of the

participants were untrained.  This could imply that participants who suffered from

injuries received more training or awareness courses, or that the training made the

participants more sensitive to possible injuries and therefore had them investigated.  A

cross-sectional study design does not provide information about whether the injury

occurred before the training or not.

Table VI

Distribution and Percentage of Injured Participants by Job Series

Job Series
Injury Cont. GS OS Other SSM Student TEC TSM Total

No Injury 327 58 162 31 401 114 524 1140 2757
Injury 52 27 86 4 144 10 81 143 547
% Injury w/in 
each Job Series 13.7% 31.8% 34.7% 11.4% 26.4% 8.1% 13.4% 11.1%

Total 379 85 248 35 545 124 605 1283 3304
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The distribution of participants by injury and job series along with the percent of injury

within each job series is seen in Table VI.  The participants in the OS category had the

highest percentage of injuries at 35%.  The lowest percentage of injuries of participants

occurred in the Student and then the TSM categories.  The GS, OS, and SSM job series

had the highest percentages of injuries and are typically office and administrative

employees.  The students and employees in the TSM category typically have jobs that

allow more freedom from the computer.  Students may be reluctant to report injuries if

they do occur because the typical internship is less than three months, which most

students would consider insufficient time to ergonomically injure themselves.  There is a

noticeable difference in the percentage of injuries for the administrative participants

versus the laboratory/field participants. The explanation for these results is that

administrative participants have very little variation in their everyday activities, while the

non-administrative categories, TSM, TEC, and Contractors typically have a greater

variety of activities.

Statistical Analysis

Tables VII through X include the following statistical analyses; prevalence proportions,

chi-square tests, probability values, attributable risk, and logistic regression.
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Table VII

Training and Behavior.  Tests of Significance and Measures of Association.

Question PNE a PE b PP c ChiSquare P-value
Attributable 

Risk
% Att.Risk

Section 1 Posture

1 0.6855 0.6089 0.6441 20.557 < 0.001 -0.0766
2 0.4732 0.4056 0.4367 15.412 < 0.001 -0.0676
3 0.4892 0.6036 0.5509 43.624 < 0.001 0.1144 11.4%

4 & 5 0.8218 0.8934 0.8605 35.039 < 0.001 0.0716 7.2%
6 0.5595 0.6527 0.6099 29.598 < 0.001 0.0932 9.3%

7 & 8 0.6884 0.7224 0.7068 4.550 0.033 0.0340 3.4%
Section 2 Duration

1 0.6284 0.6683 0.6500 5.795 0.016 0.0399 4.0%
2 0.608 0.6205 0.6147 0.548 0.459 0.0125

Section 3 Frequency

1 0.8801 0.9289 0.9065 23.277 < 0.001 0.0488 4.9%
2 0.8541 0.8683 0.8618 1.415 0.234 0.0142
3 0.8253 0.7453 0.7821 31.124 < 0.001 -0.0800

Section 4 Force

1 0.4389 0.6094 0.5311 96.592 < 0.001 0.1705 17.1%
2 0.8386 0.8540 0.8469 1.502 0.220 0.0154
3 0.4892 0.5426 0.5181 9.434 0.002 0.0534 5.3%

Section 5 General Info

9 0.5753 0.8329 0.7143 266.860 < 0.001 0.2576 25.8%
a. Prevalence of positive behavior* among untrained employees
b. Prevalence of positive behavior* among the trained employees
c. Prevalence of positive behavior* among population
* Employees act to reduce their exposure to ergonomic risk factors.
Highlighted results indicate higher prevalence and statistical significance.

The prevalence of positive behavior for trained (exposed) and untrained (unexposed)

participants was calculated in Table VII to establish a difference in the behavior between

trained and untrained.  A greater difference between the prevalence proportions of

exposed and unexposed means a stronger association, which is also reinforced with the

chi-square values.(54, 56)  The attributable risk is the probability of desired behavior given

training minus the probability of desired behavior given no training.  The attributable risk

for the exposed group is calculated with the following equation AR=PE-PNE.(56)  The last
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two columns in table VII provides the proportion and percentage of desired behavior that

can be attributed to the training.  Pearson chi-square tests calculated in Table VII

addressed the question as to whether training was associated with desired ergonomic

behavior by providing the statistical significance of the association.(59)  The probability

value (p-value) indicated how likely the result occurred by chance, and was calculated

with a 95% confidence level.  The raw data on which Table VII is based are seen in

Appendix J.  Only three questions out of fifteen were not statistically significant, the un-

highlighted results, as shown in Table VII.  These included questions from section two—

question two, section three—question two, and section four—question two (See

Appendix C).

The prevalence of the desired behavior was higher among the trained participants for nine

of the questions, or sixty percent, as seen in the highlighted regions of the PE column in

Table VII.  All questions in the posture section were statistically significant, however the

first two questions indicated that the prevalence of the desired behavior was higher

among untrained participants.  Section three, question three also had a higher prevalence

of the desired behavior among the untrained participants.  Reversing the wording for this

question indicates the trained participants had a higher prevalence of the undesired

behavior (often or always typing until they were sore) than the untrained participants.

These results may have resulted from confusion in the wording of the questions, or a

difficulty in changing previously established personal habits.
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Two questions that inquired about the adjustment of the chair (section one--question three

and section four--question one) had the second and third largest chi-square values of 43.6

and 96.6, respectively.  These results indicate a strong association between training and

desired behavior.  The attributable risk percentage calculated for these two questions was

11% and 17%, respectively.  Therefore, a conclusion drawn by one of the questions was

17% of the trained participants had the desirable behavior due to the training.  The last

question in Table VII (section 5--question 9) asked whether participants had made

changes to their workstations.  This customer service question was asked to gain more

knowledge about employee opinions and concerns.  This had the strongest attributable

risk and statistical significance of all the questions in the survey.  This result indicated

that 26% of the desired behavior of the participants who made changes to their

workstations was attributable to the training.

The null hypothesis was rejected for all but three questions therefore these results show a

statistically significant difference exists between trained and untrained behavior.  In

addition, more often the trained participants responded with the desired ergonomic

behavior.
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Table VIII

No Injury and Behavior.  Tests of Significance and Measures of Association.

Question PNE  a PE  b ChiSquare P-value
Attributable 

Risk
% Att. Risk

   Section 1 Posture

1 0.7938 0.8566 20.853 < 0.001 0.0628 6.3%
2 0.8150 0.8594 11.538 0.001 0.0444 4.4%
3 0.8633 0.8119 15.495 < 0.001 -0.0514

4 & 5 0.8559 0.8313 1.710 0.190 -0.0246
6 0.8406 0.8298 0.653 0.419 -0.0108

7 & 8 0.8654 0.8236 8.559 0.004 -0.0418
   Section 2 Duration

1 0.8112 0.8487 7.625 0.006 0.0375 3.8%
2 0.8176 0.8453 4.311 0.038 0.0277 2.8%

   Section 3 Frequency

1 0.8474 0.8331 0.416 0.519 -0.0143
2 0.8396 0.8332 0.116 0.733 -0.0064
3 0.6928 0.8736 132.096 < 0.001 0.1808 18.1%

   Section 4 Force

1 0.8634 0.8078 18.237 < 0.001 -0.0556
2 0.7864 0.8427 9.725 0.002 0.0563 5.6%
3 0.8439 0.8233 2.513 0.113 -0.0206

   Section 5 General Info

9 0.9206 0.7991 70.908 < 0.001 -0.1215
       a. PNE: Prevalence of uninjured employees with undesirable behavior
       b. PE: Prevalence of uninjured employees with desirable behavior
       Highlighted results indicate higher prevalence and statistical significance

Table VIII was created to determine the relationship between no injury and reported

behavior while ignoring the training of all participants.  An overview of the contents of

Table VIII follows; the prevalence of uninjured participants with desired behavior (PE)

and uninjured participants with undesired behavior (PNE) was calculated.  The

attributable risk is the frequency the outcome (no injury) is attributed to the exposure

(desired or undesired behavior).(56)  Chi-square tests calculated in Table VIII addressed

the question as to whether desired behavior was associated with no injury by providing

the statistical significance of the association.(59)
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Six of the questions (40%) showed the prevalence of no injury was higher among the

participants with the desired ergonomic behavior.  These results were statistically

significant.  Four of the questions (27%) revealed the prevalence of no injury was higher

among the participants with the undesired ergonomic behavior.  The remaining five

questions were not statistically significant at the .05 level.  Therefore, more often the

desired ergonomic behavior was reported by the uninjured participants.

A few examples from the table are discussed here.  Section 3--question 3 asked, “Do you

type continuously and quickly all day that makes your arms and/ or hands tired or sore?”

This question had the largest chi-square value of 132.1 (p-value < 0.001).  In addition,

18% of no injury was attributed to the desired behavior of not typing until sore or tired.

In section one, question one, the uninjured participants had a higher prevalence of the

desired behavior of holding the telephone properly.  In addition, 6% of no injury was

attributed to this desired behavior.  Overall, uninjured participants had a higher

prevalence of the desired behaviors, and the frequency that no injury was attributable to

good behavior ranged from 3% to 18%.
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Table IX

Descriptive and Statistical Significance of Behavior by Job Series

JobSeries w/ most 
desired responses a

% Desired 
Behavior

Job Ser. w/ most 
undesired responses b

% 
Undesired 
Behavior

ChiSquare c P-value

Question
  Section 1 Posture

1 TSM 73% OS 61% 135.000 < 0.001
2 OTHERS 51% OS 74% 69.000 < 0.001
3 STUDENT 63% OTHERS 59% 13.600 0.065

4 & 5 GS 91% TEC 19% 47.020 < 0.001
6 GS 81% STUDENT 51% 26.782 < 0.001

7 & 8 SSM 73% OTHERS 37% 33.993 < 0.001
  Section 2 Duration

1 TSM 70% OS 46% 25.843 < 0.001
2 TEC 70% OS 46% 22.133 < 0.001

  Section 3 Frequency

1 OS 95% OTHERS 19% 33.998 < 0.001
2 TSM 89% OS 22% 15.804 0.030
3 TSM 86% OS 44% 130.195 < 0.001

  Section 4 Force

1 SSM 60% OTHERS 58% 27.973 < 0.001
2 GS 89% OS/OTHERS 22% 22.352 < 0.001
3 GS 61% STUDENT 57% 10.574 0.160

  Section 5 General Info

9 GS 83% TEC 39% 87.202 < 0.001
a. Desired behavior does not lead to injury
b. Undesired behavior can lead to injury
c. Degrees of freedom (7) and alpha (.05).

The job series with the highest percentage of desired ergonomic behavior and undesired

ergonomic behavior was reported in Table IX.  The purpose of this table was to

determine if specific job series had trends of desired or undesired behavior, while

ignoring training.  The undesired ergonomic behavior was the negative response to the

questions that could lead to injury.  All the questions, except two, comparing job series to

behavior were statistically significant at the .05 level, which is apparent from the chi-
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square calculations and probability values.  For the most part there were trends of job

series appearing more often in the desired or undesired behavior columns.  The OS and

Other categories had the most occurrences in the undesired behavior column.  The

percentage of OS and Other participants who responded with the undesired behavior

within each job series ranged from 22% to 74%.  The GS and TSM job series had the

most occurrences in the desired behavior column.  The percentage of GS and TSM

participants who responded with the desired behavior within each job series ranged from

61% to 91%.
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Table X

Logistic Regression of Three Questions from the Survey

Section 5 Question 9 90% CI Exp (B)
   Variables B S.E. Wald df sig Exp(B) lower upper

Trained 1.310 0.088 163.93 1 < 0.001 3.099 2.680 3.584
TEC -0.352 0.108 10.68 1 0.001 0.702 0.589 0.840
os/gs/ssm 0.198 0.116 2.91 1 0.088 1.219 1.007 1.475
Student 0.146 0.218 0.45 1 0.504 1.157 0.808 1.656
Contractor 0.017 0.136 0.02 1 0.898 1.018 0.814 1.273
Injury 0.697 0.139 25.17 1 < 0.001 2.007 1.597 2.522
constant 0.315 0.069 20.88 1 < 0.001 1.370

Section 1 Question 1 90% CI Exp (B)
   Variables B S.E. Wald df sig Exp(B) lower upper

Trained -0.082 0.083 0.98 1 0.322 0.921 0.804 1.055
TEC -0.165 0.111 2.20 1 0.138 0.848 0.706 1.018
os/gs/ssm -0.818 0.099 68.24 1 0.000 0.441 0.375 0.519
Student -0.676 0.197 11.82 1 0.001 0.509 0.368 0.703
Contractor -0.619 0.124 24.91 1 < 0.001 0.538 0.439 0.660
Injury -0.251 0.102 6.02 1 0.014 0.778 0.657 0.921
constant 1.057 0.074 205.29 1 < 0.001 2.877

Section 1 Question 3 90% CI Exp (B)
   Variables B S.E. Wald df sig Exp(B) lower upper

Trained 0.448 0.077 33.81 1 < 0.001 1.565 1.379 1.777
TEC -0.099 0.1 0.98 1 0.323 0.906 0.768 1.068
os/gs/ssm -0.104 0.095 1.20 1 0.273 0.901 0.771 1.053
Student 0.289 0.195 2.21 1 0.137 1.336 0.969 1.840
Contractor -0.217 0.119 3.33 1 0.068 0.805 0.662 0.979
Injury 0.263 0.101 6.72 1 0.010 1.301 1.101 1.537
constant -0.009 0.065 0.02 1 0.897 0.992

 B: coefficient from logistic model.  Natural log.
 S.E: Standard Error
 Wald: Chi-square test
 df: degrees of freedom
 sig: test of significance
 Exp(B): Exponential of the coefficient B
 * Highlighted results are statistically significant

The objectives of any regression calculation are to measure the degree and direction of

the influence the independent variable has on the dependent variable, and determine

statistical significance.(59)  The dependent variable was the desired ergonomic behavior,

and the independent variables were training, injury, and job series.  Table X provides the
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degree and direction of the influence of the independent variable in the Exp(B) column,

and the statistical significance in the “Wald” and “sig” columns.  Logistic regression was

completed for three of the questions from the survey (section 5--question 9, and section

1-- questions 1 and 3).  The TSM job series was the constant variable.  These questions

were analyzed because of their statistical significance and high prevalence of desired

behavior.  Section 5--question 9 asked whether the participant could or had made changes

to their workstation to reduce ergonomic hazards and it had strong statistical significance

in previous tables.  The results in Table X indicate that trained participants were three

times as likely to answer “yes” that they can make or have made changes to their

workstation that decrease the likelihood of injury.  The student and contractor job series

results were not statistically significant while the TEC’s were less likely than the TSM’s

to answer “yes” that they had made changes.  Subjects in the administrative series

(OS/GS/SSM) were 1.2 times more likely than TSM’s to respond “yes” that they had

made changes.  In addition, injured participants were two times as likely to have changed

their workstation to reduce their risks.

In section 1--question 1, participants were asked if they propped the telephone between

their head and shoulder.  This question was evaluated because the untrained participants

had a larger prevalence of the desirable behavior.  The result of the trained participants

was not statistically significant.  The TEC job series was also not statistically significant.

All remaining job series were less likely than TSM’s to respond with the desired behavior

of not propping the telephone.  Injured participants were less likely to report the desired
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behavior; conversely, the uninjured participants were more likely to report the desired

behavior, which supports the data in Table VIII.

Section 1--question 3 asked when the participant sat in any adjustable chair did he/she

use the adjustment knobs.  This question had a strong prevalence of desirable behavior

among the trained participants.  The Trained participants were 1.6 times as likely to

report they did use the adjustment knobs.  None of the job series was statistically

significant.  Injured participants were 1.3 times as likely to report the desired behavior of

adjusting their chairs.

Logistic regression in this study tried to predict whether or not the participants would

have the desired ergonomic behavior from six variables.(61) Overall, the logistic

regression results indicate that the trained participants were more likely to report the

desired behavior.  The job series did not present a consistent pattern of the desired

behavior.  The injured participants reported more often that they could or had made

changes to their workstations and that they adjust chairs when they sit down.  However,

the uninjured participants more often used the telephone correctly to decrease ergonomic

hazards to the neck.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The goal of the LANL ergonomics program is to improve the work environment of the

employees by enhancing the knowledge and awareness of common ergonomic hazards

that can lead to injury.  Improving workstations is commonly done with personal

interventions like training, but also with engineering and administrative controls.  The

LANL LIR for ergonomics requires extensive evaluation of the program.  This research

demonstrates the ergonomics program had a basic evaluation and can improve in specific

areas.

The null hypothesis, which tested for a difference in behavior between trained and

untrained participants, was rejected for twelve out of fifteen of the questions on the

questionnaire.  Therefore, it was concluded that there was a statistically significant

difference in ergonomic behavior between the trained and untrained participants.

Participants who had training and awareness responded with the desired ergonomic

behavior more often than the participants who did not have training.  The logistic

regression calculations provided additional support for trained participants exhibiting the

desired behavior.  However, this research cannot state that the training caused the more

desirable ergonomic behavior.
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There were no consistent trends in the data that found one behavioral risk factor (posture,

force, frequency, or duration) clearly needed additional attention during training to

improve the desired ergonomic behavior.  The two questions that asked about chair

adjustment to increase comfort and relieve pressure on the thighs both had very high

prevalence of the desired behaviors among the trained participants.  This area of

ergonomics appears to be the first to receive a sufficient amount of attention to encourage

employees to be more aware of their surroundings.  The rest of the issues discussed in the

ergonomics courses will follow the example of chair ergonomics with time and training

persistence.

Six of the questions (40%) showed the prevalence of no injury was higher among the

participants with the desired ergonomic behavior.  Four of the questions (27%) showed

the prevalence of no injury was higher among the participants with the undesired

ergonomic behavior.  There was not an apparent trend for any risk factor consistently

having a higher prevalence of undesired behavior.  Overall, this section of the analysis

showed participants who were uninjured more often responded with the desired

ergonomic behavior.

The benefit of analyzing the job series was to identify any trends in the data.  Emphasis

could then be placed towards the job series with trends of the most frequent undesired

ergonomic behaviors.  OS respondents had the most frequent undesired behavioral

responses in the following areas; telephone use, short breaks, storing materials above

shoulder height, typing until sore/tired, and use excessive force to perform tasks.
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Students had the worst behaviors of putting feet in non-neutral positions, and of resting

forearms on the edge of their workstations.  The short-term commitments of the majority

of students may cause a lack of equipment and training support.  TEC’s reported they do

not make changes to their workstations, and had the most undesired responses of

keyboard placement and neck twist while using computers.

Recommendations for LANL Ergonomics Program

The following suggestions may be helpful in making further improvements to the LANL

ergonomics program:

s Incorporating micro breaks with stretching exercises into the workday especially
while typing until sore or tired to meet deadlines.  The trained employees more often
reported they type until tired or sore, so this area needs to be re-evaluated to
determine a more appropriate way to convey the importance of micro hand, shoulder,
and neck stretching breaks.  Screen stretching messages are considered by many
employees to be disruptive and are not having the desired effect to get the employee
to stop work to stretch.  Therefore, an alternative is simple stretching reminder cards
that easily attach to the computer monitor could be made available at group meetings.
Another alternative is to install small flashing icons that appear at the bottom of the
screen to remind the individual to break, but not completely inhibiting the work.

s Telephone headsets should be more accessible to employees because it is apparent
from the research that many employees (most evident in the OS job series) continue
to prop the telephone between their head and shoulder regardless of training.

s Provide students with more options for ergonomics training, not just in-person
training, by including a link to the online training (once functional) on the LANL
student web page. Another option is to put a note on the LANL student web page
about the ErgoKnowledge CD from ESH-13 which is an hour-long interactive
computer based course.  An email request link to the ESH-13 Training Center could
be set up for check out requests.

s Office evaluations should be conducted for the OS employees.  Unfortunately,
training is not the solution for this group of employees because as seen in Table III
approximately 80% of the participants had some form of training or awareness.
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s TEC employees need additional training and workstation evaluation.  Only 40%
reported training or awareness.  The type of training may need direction more
specifically to material handling, laboratory, glovebox, etc. not just general non-office
workstations to interest and accommodate a neglected and extensive employee
population.

The last two questions of the survey asked for explanation for not changing the

workstation and for comments.  In general, the results indicate a strong relationship

between training and changing the workstation.  However, the main explanations for not

changing the workstation were:

s No money
s Lack of support from management
s No time
s No room in office to make changes
s Didn’t know what to change

The first step here is to gain the support of management.  This will allow money to be

allotted toward ergonomic equipment and more importantly encouragement of ergonomic

training, office evaluations, and support for seeking medical assistance.  Office

evaluations and training provide advice about changes that will decrease ergonomic

hazards, and changes that can improve workstations even with limited space.  The

comments in the questionnaire could be reviewed more thoroughly to improve customer

service.

Overall, the formal ergonomics program is still relatively new at LANL, so the training

and workstation evaluations should be promoted and reminders of the important lessons

learned in the courses should be posted in visible locations around LANL.  The

“Ergonomic Scorecard Training” course is in the process of going online, which would
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greatly increase the ease and access to ergonomic information and advice for employees

around LANL.  Promoting this service for group and partner training, and trying to

engage the management level will help influence ergonomic behavior at LANL.

Recommendations for Additional Research of Survey Data

The following suggestions may be helpful in making further improvements to the LANL

ergonomics program, but require additional use of the questionnaire and data from this

research;

s Several of the questions in the current questionnaire could be reworded for increased
clarity and specificity.

s This questionnaire could be used for a pre-LANL ergonomics training and post-
LANL ergonomics training study, with additional follow-up after one year to
determine if the desired behavior was the result of the training.  In addition, taking a
sub-sample of the participants and observing their work setting would validate the
responses to the questionnaire.

s Another option is to conduct another survey with the question of whether training was
taken before or after injury.  Further analysis of these data would provide timeline
information about the sequence of events regarding training and injury.  This could
reveal trends about whether the individual took the training and awareness after
becoming injured, or if the individual had training and still became injured.  The latter
could imply the training courses need improvement.

s The OS job series responses, from the original data, could be reviewed more
thoroughly for specific interventions and the date the participants had the
intervention.  The specific interventions include; either of the LANL training courses,
office evaluations, visitation to the ergonomics demonstration room, offsite
ergonomics training and any combinations of these interventions.  Evaluation of this
data could give more explanation for the high number of occurrences of this job series
in the undesired behavior category.

s In addition, the GS job series responses could be analyzed more thoroughly to
determine if any trends exist, that could influence the high number of occurrences of
desired behavior.
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s Investigate the reason behind Technicians (TEC’s) not making changes to their
workstations, and what type of workstations they have.  Using the comment fields on
the survey.

s This questionnaire gathered basic data on the number of participants who have sought
medical attention for ergonomic-related injures which, on a generic level, could be
compared to overall LANL recordable ergonomic illnesses and injuries.
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APPENDIX A

Sample Size Equation from Fleiss(58)
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APPENDIX B

SAMPLE SIZE CALCULATION
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Table XI.
Epi Info 6, Sample Size Calculation.  Sample sizes that provide Statistical Significance.

Unmatched Cohort and Cross-sectional Studies (Exposed and Nonexposed) (57)

Conf. Power
Unexposed: 

Exposed
Diseasea in 
Exposed

Risk 
Ratio

Odds 
Ratio

Unexposed 
Sample Size

Exposed 
Sample Size

Total

15% Diseasea in Unexposed Group
95% 80% 3:1 19.5% 1.3 1.37 2250 750 3000
95% 80% 2:1 19.5% 1.3 1.37 1700 850 2550
95% 80% 1:1 19.5% 1.3 1.37 1149 1149 2298

10.0% Diseasea in Unexposed Group
95% 80% 3:1 13.0% 1.3 1.34 3597 1199 4796
95% 80% 2:1 13.0% 1.3 1.34 1840 1359 4077
95% 80% 1:1 13.0% 1.3 1.34 1840 1840 3680

20.0% Diseasea in Unexposed Group
95% 80% 3:1 26.0% 1.3 1.41 1578 526 2104
95% 80% 2:1 26.0% 1.3 1.41 1192 596 1788
95% 80% 1:1 26.0% 1.3 1.41 804 804 1608
95% 80% 1:1 24.00% 1.2 1.26 1732 1732 3464

a. Disease is the desired positive ergonomic behavior.
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APPENDIX C

ERGONOMICS QUESTIONNAIRE
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Ergonomics at LANL
When answering the following questions, please think of your computer workstation, and how
often you perform each action in the following questions.  The survey only takes 5-10 minutes to
complete.

Section 1: Posture

1. Do you prop the phone between your head and shoulder?
qAlways
qOften
qSeldom
qNever

2. Do you continue to do other tasks while talking on the phone?   If you always use a headset or
speaker phone mark N/A
qAlways
qOften
qSeldom
qNever
qN/A

3. When you sit in any adjustable chair do you use the adjustment knobs?
qAlways
qOften
qSeldom
qNever

4. Does your desk or keyboard tray allow you to put your keyboard directly in front of your
monitor?
qYes
qNo

5. How often do you sit with your neck twisted to look at your monitor?
qAlways
qOften
qSeldom
qNever

6. When you sit at your desk for more than an hour do you keep your feet either flat on the floor
or on a footrest?
qAlways
qOften
qSeldom
qNever

7. Does your workstation allow you to put your mouse/trackball either close to or at the same
level as your keyboard?
qYes
qNo
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8. Do you straighten your arm to use your mouse/trackball?
qAlways
qOften
qSeldom
qNever

Section 2: Duration

1. Do you take short breaks on a regular basis during the workday?
qAlways
qOften
qSeldom
qNever
qN/A

2. On a regular basis, do you alter your workday to avoid sitting continuously?
qAlways
qOften
qSeldom
qNever

Section 3: Frequency

1. Do you place frequently used materials (files, keyboard, mouse, phone) within an arm’s reach?
qAlways
qOften
qSeldom
qNever

2. Do you store and retrieve heavy notebooks or supplies above your shoulder height?
qA few times a day
qOnce a day
qA few times a week
qNever
qN/A

3. Do you type continuously and quickly all day that makes your arms and/ or hands tired or sore?
qAlways
qOften
qSeldom
qNever

Section 4: Force

1. Do you adjust the height of any adjustable chair to relieve pressure on your thighs or avoid a
cramped position?
qAlways
qOften
qSeldom
qNever
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2. Do you use excessive force with your hands or fingers while performing tasks such as stapling,
typing, hole punching, etc.?
qAlways
qOften
qSeldom
qNever

3. Do you rest your forearms on the edge of your workstation on a regular basis?
qAlways
qOften
qSeldom
qNever

Section 5: General Information
In this section, we are asking for some information about you to help us understand the survey
data.  We will not use the information to identify you.  We will include your answers with those
of other employees so that your responses remain anonymous.

1. Have you had office ergonomics training at LANL?
If yes, please indicate which course(s) by the year in the questions following.
 If no, skip to Question 4
qYes
qNo

2. Ergonomics for Office Workers.  Mark all that apply
q2000
q1999
q1998
q1997
qBefore 1997
qNever

3. Ergonomics Scorecard Training at Training Center (ESH-13) Mark all that apply
q2000
q1999
q1998
q1997
qBefore 1997
qNever

4. Have you visited the Ergo Demo Room at SM-30? Mark all that apply
q2000
q1999
q1998
q1997
qBefore 1997
qNever

5. Have you had an office evaluation by ESH-5? Mark all that apply
q2000
q1999
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q1998
q1997
qBefore 1997
qNever

6. Have you had office ergonomics training outside LANL?
Examples include courses in ergonomics, training from another company, etc.
qYes
qNo

7. What is your job series?  Please specify if contractor, student, or other in the comment box.
qOS
qGS
qSSM
qTEC
qTSM
qContractor
qStudent
qOther ________________________________________________________________
Comment:______________________________________________________________

8. Have you been to ESH-2 or a personal doctor for an ergonomic related injury?
qYes
qNo

9. Can you make (or have you already made) changes to your workstation to reduce your
ergonomic hazards?    If yes, skip Question 10
qYes
qNo

10. If you answered no to Question 9, please specify why you have not changed your workstation.
q No funding
qToo expensive
qDo not want to change
qDo not feel the need to change
qOther (please specify below)
If Other please specify why.
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________

11.Comments:__________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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APPENDIX D

PILOT DATA
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Pilot Test Questionnaire
Ergonomics at LANL

When answering the following questions, please think of your computer workstation.

A.  Posture
1. In your opinion, do you spend a lot of time at work on the telephone?
qYes          qNo

2. Do you prop the telephone between your head and shoulder?
qAlways    qOften    qSeldom   qNever

3. Do you continue to do other tasks while talking on the telephone?   (If you always use a
headset or speaker phone mark N/A)
qAlways    qOften    qSeldom   qNever   qN/A

4. When you sit in any adjustable chair do you use the adjustment knobs?
qAlways    qOften    qSeldom    qNever

5. Does your desk or keyboard tray allow you to put your keyboard directly in front of your
monitor?
qYes          qNo

6. How often do you sit with your neck twisted to look at your monitor?
qAlways    qOften    qSeldom    qNever

7. When you sit at your desk for more than an hour do you keep your feet either flat on the floor
or on a footrest?
qAlways    qOften    qSeldom    qNever

8. Does your workstation allow you to put your mouse/trackball either close to or at the same
level as your keyboard?
qYes          qNo

9. Do you straighten your arm to use your mouse/trackball?
qAlways    qOften    qSeldom    qNever

B. Duration
 1. Approximately how many hours do you work at your computer each day?
q1-2 hrs q3-4 hrs  q5-6 hrs  q7 or more

2. Do you take short breaks on a regular basis during the workday?
qAlways   qOften   qSeldom   qNever qN/A

3. On a regular basis, do you alter your workday to avoid sitting continuously?
qAlways   qOften   qSeldom   qNever

C.  Frequency
1. Do you place frequently used materials (files, keyboard, mouse, phone) within an arm’s reach?
qAlways   qOften   qSeldom   qNever
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2. Do you store and retrieve heavy notebooks or supplies above your shoulder height?
qA few times a day   qOnce a day  qA few times a week    qNever   qN/A

3. Do you type continuously and quickly all day that makes your arms and/ or hands tired or sore?
 qAlways    qOften    qSeldom    qNever

D.  Force
1. Do you adjust the height of any adjustable chair to relieve pressure on your thighs or avoid a
cramped position?
qAlways    qOften    qSeldom    qNever

2.  Do you use excessive force with your hands or fingers while performing tasks such as
stapling, typing, hole punching, etc.?
qAlways    qOften    qSeldom    qNever

3. Do you rest your forearms on the edge of your workstation on a regular basis?
qAlways    qOften    qSeldom    qNever

E. General Information Questions:
In this section, we are asking for some information about you to help us understand the survey
data.  We will not use the information to identify you.  We will include your answers with those
of other employees so that your responses remain anonymous.

1. Have you had office ergonomics training at LANL? (If no skip to Q5)
 (If yes, which of the following courses have you taken?  Please check when the course(s) was

taken).
 qYes      qNo

2. Ergonomics for Office Workers
q2000  q1999  q1998   q1997   q before 1997  qNever

3. Ergonomics Scorecard Training at Training Center (ESH-13)
q2000  q1999  q1998   q1997   q before 1997  qNever

4. Were you required to take the training by a supervisor?
qYes     qNo      qN/A

5. Have you visited the Ergo Room?
q2000  q1999  q1998   q1997   qBefore 1997   qNever

6. Have you had an office evaluation by ESH-5?
q2000  q1999  q1998   q1997   qBefore 1997   qNever

7. Have you had office ergonomics training outside LANL?
qYes     qNo

8. What is your job series?
qOS    qGS    qSSM    qTEC    qTSM     qOther (Please Specify)_________
qContractor- ____________    q Student-____________
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9. Have you been to ESH-2 or a personal doctor for an ergonomic related injury?
qYes      qNo

10. Do you have the option to ergonomically improve your workstation? (If yes, please skip Q11)
qYes      qNo

11.  If no, please specify why.
q No funding  qToo expensive  qDo not want to change  qDo not feel the need to change
qOther___________

12.Comments:__________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Table XII.
Preliminary Data from Pilot test.

Outcome (dependent variable)

Question Exposure
Desired 

Behavior
Undesired 
Behavior

Total Missing

 Section 1
1 Training 16 6 22

No Training 5 4 9
Total 21 10 31 0

2 Training 12 10 22
No Training 6 3 9
Total 18 13 31 0

3 Training 8 12 20
No Training 1 8 9
Total 9 20 29 2

4 Training 16 6 22
No Training 2 7 9
Total 18 13 31 0

5 Training 19 2 21
No Training 4 3 7
Total 23 5 28 3

6 Training 20 2 22
No Training 5 2 7
Total 25 4 29 2

7 Training 14 8 22
No Training 3 6 9
Total 17 14 31 0

8 Training 20 2 22
No Training 6 3 9
Total 26 5 31 0

9 Training 16 6 22
No Training 4 5 9
Total 20 11 31 0
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Question Exposure
Desired 

Behavior
Undesired 
Behavior

Total Missing

Section 2
2 Training 17 5 22

No Training 2 7 9
Total 19 12 31 0

3 Training 16 6 22
No Training 3 6 9
Total 19 12 31 0

Section 3
1 Training 19 3 22

No Training 4 5 9
Total 23 8 31 0

2 Training 19 3 22
No Training 4 5 9
Total 23 8 31 0

3 Training 19 3 22
No Training 4 5 9
Total 23 8 31 0

Section 4
1 Training 12 10 22

No Training 4 5 9
Total 16 15 31 0

2 Training 22 0 22
No Training 5 4 9
Total 27 4 31 0

3 Training 15 6 21
No Training 6 3 9
Total 21 9 30 1
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Table XIII.
Analyzed Results of Pilot Data

Question PNE a PE b PP c ChiSquare P-value
Attributable 

Risk
% 

Att.Risk
Section 1 Posture

1 0.5556 < 0.7273 0.6774 0.862 0.353 0.1799 18%
2 0.6667 > 0.5455 0.5806 0.385 0.535
3 0.1111 < 0.4000 0.3103 2.420 0.120 0.6420 64%
4 0.2222 < 0.7273 0.5806 6.691 0.010 0.6173 62%
5 0.5714 < 0.9048 0.8214 3.977 0.046 0.3043 30%
6 0.7143 < 0.9091 0.8621 1.695 0.193 0.1714 17%
7 0.3333 < 0.6364 0.5484 2.368 0.124 0.3922 39%
8 0.6667 < 0.9091 0.8387 2.775 0.096 0.2051 21%
9 0.4444 < 0.7273 0.6452 2.232 0.135 0.3111 31%

Section 2 Duration

1 0.8889 > 0.7273 0.7742 0.954 0.329
2 0.2222 < 0.7727 0.6129 8.159 0.004 0.6374 64%
3 0.3333 < 0.7273 0.6129 4.178 0.041 0.4561 46%

Section 3 Frequency

1 0.4444 < 0.8636 0.7419 5.862 0.015 0.4010 40%
2 0.4444 < 0.8636 0.7419 5.862 0.015 0.4010 40%
3 0.4444 < 0.8636 0.7419 5.862 0.015 0.4010 40%

Section 4 Force

1 0.4444 < 0.5455 0.5161 0.261 0.609 0.1389 14%
2 0.5556 < 1.0000 0.8710 11.226 0.000 0.3621 36%
3 0.6667 < 0.7143 0.7000 0.068 0.974 0.0476 5%

a. Prevalence of positive behavior among untrained employees
b. Prevalence of positive behavior among the trained employees
c. Prevalence of positive behavior among population
   Highlighted results indicate higher prevalence
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APPENDIX E

Newsbulletin Ergonomic Survey Announcement
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Beginning April 4th the ergonomic survey entitled “The Influence of Ergonomics

Training on Risk Reduction at Los Alamos National Laboratory”, will be distributed to a

random selection of Laboratory employees.  ESH-5 and Colorado State University are

sponsoring the survey.  The purpose of the research is to determine if employees reduce

their risk of experiencing ergonomic related injuries and illnesses.  The results will be

evaluated to identify new and better interventions to control ergonomics hazards and risks

in the workplace.  If you receive the survey, please take a few minutes to complete it.
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APPENDIX F

COVER LETTER AND REMINDER LETTER
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COLORADO STATE UNIVERSITY
Department of Environmental Health
College of Veterinary Medicine and Biomedical Sciences
Environmental Health Building
Fort Collins, CO 80523-1676
970.491.7038  fax: 970.491.2940

TITLE OF PROJECT:
The Influence of Ergonomics Training on Employee Behavior at Los Alamos National
Laboratory

PURPOSE:
To determine if office ergonomics training helps employees reduce their exposure to
ergonomic risks in the workplace.

PARTICIPATION:
You have been randomly selected to participate in this study.  Your participation in this
survey is voluntary.  If you change your mind about participating in the study, please
remember you may stop at any time.  Please note that prior ergonomics training is not
required to participate in this study.

PROCEDURE:
• Click on the URL to open the questionnaire.

http://truchas.lanl.gov/sm2/surveys/2626889.html
• Carefully read each question and give your answer by marking the answer that best

applies or by filling in the requested information.
• Click submit.
• The survey includes questions about ergonomic posture, duration, frequency and force.
• Do not put your name on the survey.  Do not submit the survey as an attachment

to an e-mail.
• If you print out the survey send it to Leslie Puckett MS K499  ESH-5.
• The survey should take 5-10 minutes to complete.
• There are no right or wrong answers.

CONFIDENTIALITY:  This is an anonymous survey with no personal identifiers.  The
information you submit is completely anonymous and arrives as text documentation with
no identification.

RISKS INHERENT IN THE SURVEY PROCEDURE:  There are no known risks.

BENEFITS:  This survey will assess the impact of office ergonomics training classes on
reducing employee exposure to ergonomic risks.

SPONSOR OF PROJECT:  Los Alamos National Laboratory and Colorado State
University.

CONTACT NAME AND PHONE NUMBER FOR QUESTIONS/ PROBLEMS:
Leslie Puckett 5-3642 (MS K499, ESH-5) or Michael Brandt 7-1228 (MS K486, ESH-5)
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COLORADO STATE UNIVERSITY

Department of Environmental Health
Environmental Health Building
Fort Collins, CO 80523-1676
phone: 970.491.7038
fax: 970.491.2940

Recently, a questionnaire seeking your ergonomic knowledge was e-mailed to you.

If you have already completed and submitted the questionnaire, please accept our sincere
thanks and you may delete this message.

This is the final reminder so please complete the questionnaire today.  Responses should
be received by Friday April 21.

We are especially grateful for your help because we believe that your response will be
very useful in determining if there is a difference in the way trained and untrained
employees use their office workstations.

Click on the following to access the questionnaire.

http://truchas.lanl.gov/sm2/surveys/2626889.html

If you have any questions or problems accessing the questionnaire please call Leslie at 5-
3642.

Sincerely,

Michael Brandt ESH-5
Project leader, occupational ergonomics
CSU Adjunct Faculty

Leslie Puckett ESH-5
CSU student
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APPENDIX G

DETAILED LEVELS OF TRAINING
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Table XIV.
Detailed levels of training prior to dichotomizing data into trained and untrained.

Description Count Percent
No LANL Training 1669 49.20%
No LANL Training.  Other type of Self or Group 
study

53 1.60%

No LANL Training. Visited Ergo Room 68 2.00%
No LANL Training. Had Office Evaluation 528 15.60%
No LANL Training. Visited Ergo Demo Room or 
Had Office Evaluation.

162 4.80%

Non office worker 38 1.10%
LANL Training (Ergo Office Workers or Ergo 
Scorecard)

871 25.70%

Total 3389 100.00%
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APPENDIX H

NUMBER OF RESPONSES FOR EACH DAY
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Figure I.
Number of responses for each day.

0

200

400

600

800

1000

1200

1400

4/
3

4/
5

4/
7

4/
9

4/
11

4/
13

4/
15

4/
17

4/
19

4/
21

4/
23

4/
25

4/
27

4/
29 5/

1

Date

N
um

be
r 

of
 R

es
po

ns
es



78

APPENDIX I

NON-RESPONSE PRECENT FOR EACH QUESTION
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Table XV.
Non-response percent for each question in the submitted surveys.

Question
UnTrained %  
no response

Trained %         
no response

Total % no 
response

1 3.76 3.26 3.49
2 0.71 0.44 0.57
3 0.78 0.94 0.87
4 1.30 0.88 1.07
5 1.10 0.94 1.01

  4 & 5 * 0.58 0.44 0.51
6 2.59 2.38 2.48
7 1.17 0.66 0.90
8 0.97 0.94 0.95

7 & 8 * 0.32 0.22 0.27
1 0.58 0.61 0.60
2 0.65 0.61 0.63
1 0.52 0.39 0.45
2 0.52 0.44 0.48
3 0.58 0.33 0.45
1 0.78 0.44 0.60
2 0.39 0.39 0.39
3 0.91 0.72 0.81
9 1.43 1.38 1.40

* Not included in range both questions are combination questions.
Range: 0.33% -3.76%
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APPENDIX J

RAW DATA FROM QUESTIONNAIRE
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Table XVI.
Raw Data from Distribution of Questionnaire

S e c t io n  1 E x p o s u r e
D e s i r e d  

B e h a v i o r
U n d e s i r e d  
B e h a v i o r T o t a l M i s s i n g

Q u e s t i o n
1 T r a i n i n g 1 0 6 5 6 8 4 1 7 4 9

N o  T r a i n i n g 1 0 1 8 4 6 7 1 4 8 5
T o t a l 2 0 8 3 1 1 5 1 3 2 3 4 1 1 7

2 T r a i n i n g 7 3 0 1 0 7 0 1 8 0 0
N o  T r a i n i n g 7 2 5 8 0 7 1 5 3 2
T o t a l 1 4 5 5 1 8 7 7 3 3 3 2 1 9

3 T r a i n i n g 1 0 8 1 7 1 0 1 7 9 1
N o  T r a i n i n g 7 4 9 7 8 2 1 5 3 1
T o t a l 1 8 3 0 1 4 9 2 3 3 2 2 2 9

4  &  5 T r a i n i n g 1 5 9 3 1 9 0 1 7 8 3
N o  T r a i n i n g 1 2 4 5 2 7 0 1 5 1 5
T o t a l 2 8 3 8 4 6 0 3 2 9 8 5 3

6 T r a i n i n g 1 1 5 2 6 1 3 1 7 6 5
N o  T r a i n i n g 8 4 1 6 6 2 1 5 0 3
T o t a l 1 9 9 3 1 2 7 5 3 2 6 8 8 3

7  &  8 T r a i n i n g 1 2 8 8 4 9 5 1 7 8 3
N o  T r a i n i n g 1 0 4 3 4 7 2 1 5 1 5
T o t a l 2 3 3 1 9 6 7 3 2 9 8 5 3

S e c t io n  2
1 T r a i n i n g 1 2 0 1 5 9 6 1 7 9 7

N o  T r a i n i n g 9 6 4 5 7 0 1 5 3 4
T o t a l 2 1 6 5 1 1 6 6 3 3 3 1 2 0

2 T r a i n i n g 1 1 1 5 6 8 2 1 7 9 7
N o  T r a i n i n g 9 3 2 6 0 1 1 5 3 3
T o t a l 2 0 4 7 1 2 8 3 3 3 3 0 2 1

S e c t io n  3
1 T r a i n i n g 1 6 7 3 1 2 8 1 8 0 1

N o  T r a i n i n g 1 3 5 1 1 8 4 1 5 3 5
T o t a l 3 0 2 4 3 1 2 3 3 3 6 1 5

2 T r a i n i n g 1 5 6 3 2 3 7 1 8 0 0
N o  T r a i n i n g 1 3 1 1 2 2 4 1 5 3 5
T o t a l 2 8 7 4 4 6 1 3 3 3 5 1 6

3 T r a i n i n g 1 3 4 3 4 5 9 1 8 0 2
N o  T r a i n i n g 1 2 6 6 2 6 8 1 5 3 4
T o t a l 2 6 0 9 7 2 7 3 3 3 6 1 5

S e c t io n  4
1 T r a i n i n g 1 0 9 7 7 0 3 1 8 0 0

N o  T r a i n i n g 6 7 2 8 5 9 1 5 3 1
T o t a l 1 7 6 9 1 5 6 2 3 3 3 1 2 0

2 T r a i n i n g 1 5 3 8 2 6 8 1 8 0 1
N o  T r a i n i n g 1 2 8 9 2 4 8 1 5 3 7
T o t a l 2 8 2 7 5 1 1 3 3 3 8 1 3

3 T r a i n i n g 9 7 4 8 2 1 1 7 9 5
N o  T r a i n i n g 7 4 8 7 8 1 1 5 2 9
T o t a l 1 7 2 2 1 6 0 2 3 3 2 4 2 7

S e c t io n  5
9 T r a i n i n g 1 4 8 5 2 9 8 1 7 8 3

N o  T r a i n i n g 8 7 5 6 4 6 1 5 2 1
T o t a l 2 3 6 0 9 4 4 3 3 0 4 4 7
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