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Abstract

The Accuracy of SelfReport:

Employee Perceptions ofTask and Work Posture Frequency in an Office Environment

By: Kevin Innis Meredith II

Chair: Matthew Marshall

The growth and expansion of the computers in the workplace have changed the

way that people do work. In effort to minimize the number ofwork related

musculoskeletal disorders, employee exposure to ergonomic risk factors has been

number of assessment methods exist for collecting information regarding exposure to

ergonomic risk factors in occupational settings. Establishing the validity of such methods

is key to developing a greater understanding of the dose response relationship associated

with ergonomic risk factors in the workplace. This research utilized work sampling

techniques to determine the accuracy with which workers estimated task and work

posture duration in an office environment. Factors believed to influence the accuracy of

self report were investigated to determine where the sources of error lie.

In general, self reports were accurate in determining the amount of time spent

performing office tasks and the amount of time spent in work postures. Out ofnine tasks

investigated, only keying (p
=

0.033) and miscellaneous (p
=

0.016) indicated a

significant difference between self report and actual values. None of the six investigated

postures were found to contain significant error. Another finding of this research is that a

relationship between the specificity
of the measure being investigated and the accuracy of

self report may exist. As the specificity
of the question being asked increases, the

accuracy of the response
decreases.
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Introduction:

The successful implementation of ergonomic programs has been shown to lower a

company's
workers'

compensation costs (Lewis, Krawiecb, Conferb, Agopsowiczb,

Crandallb, 2002), increase product quality (Gonzalez, Adenso-Diaz, Torre, 2003), and

increase worker productivity (Corlett and Bishop, 1976; Riel and Imbeau, 1996). While

ergonomics is important to any occupational setting, it is becoming increasingly

important in the office environment because the growth and expansion of the computer

has fundamentally changed the way people do work. We are now in an "information

age"

in which computers and the internet have greatly increased the amount of data that

are being collected and the speed at which information is transmitted. It is estimated that

in the United States, 53% of all employees use a computer at work (Bureau ofLabor

Statistics (BLS), 2002). Furthermore, approximately 167 million Americans have

internet access at home (Nielsen-Netratings, 2002).

Every year in the United States there are 1.8 million reported cases ofmusculoskeletal

disorders by employees (Occupational Safety and Health Association (OSHA), 1999).

Musculoskeletal disorders are defined as "injuries or disorders of the muscles, nerves,

tendons, joints, cartilage, and spinal
discs"

(Department ofLabor (DOL), 2001). When

such injuries can be traced back to an employee's job, the injuries may be categorized as

work related musculoskeletal disorders (WRMSD). About one-third ofWRMSDs

require time off from work andWRMSDs account for one-third of all
workers'
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compensation costs each year (OSHA, 1999). According to information from the

National Institute ofOccupational Safety and Health (NIOSH) and OSHA, employers

pay approximately $20 billion annually in direct
workers'

compensation costs and

another $100 billion in indirect costs (lost productivity, employee turnover, etc.) as a

result ofWRMSDs in the US (US Department ofHealth and Human Services, 1997).

Furthermore, over 20% of all WRMSD claims are filed by employees who primarily

work in an office environment (BLS, 2001). Employees in managerial, professional,

technical, sales and administrative support positions are among the types ofoffice jobs

that are included in the figure.

Research has shown that increased computer use is correlated toWRMSD symptoms

(Travers and Stanton, 2002; Blatter and Bongers, 2002; Punnett and Bergqvist, 1997).

However, the relationship between exposure to specific ergonomic risk factors and the

development ofWRMSD is not well understood. In order to ascertain the relationship

between exposure to ergonomic risk factors and the development ofWRMSDs, methods

are needed to obtain valid, quantitative measurements of these exposures, a need recently

identified by the National Occupational Research Agenda for Musculoskeletal Disorders

(NORA) (2001). One class ofmethods commonly employed is self-reported measures in

which the worker provides quantitative information on some aspect ofhis/her job. This

information ranges from psychological measurements such as negative affectivity

(Heinisch and Jex, 1998) to exposure to ergonomic risk factors such as the amount of

force required to complete tasks (Wiktorin, Selin, Ekenvall, Kilbom, and Alfredsson,

1996) or time spent using a computer
system (Deane, Podd and Henderson, 1998). While



the types of information that may be collected and the motivation for doing so are wide

ranging, employee input is often used to obtain information about the frequency or

duration with which they perform work activities. One of the problems in utilizing such

data is that the accuracy with which workers estimate these activities is not well

understood, which consequently brings into question their validity. Developing a better

understanding about the validity and accuracy ofperceived task frequency would benefit

the field of ergonomics because self reported data is among the most inexpensive and

easy to obtain. Towards this end, the objective of this research is to utilize work

sampling techniques to determine the accuracywith which workers estimate task and

work posture duration in an office environment. Factors related to the worker and the

tasks will be investigated to determine where the sources of error might exist.

Subsequently, the development ofmethods to increase the reliability of self reports will

be explored and possible corrective agents will be prescribed.



Background:

To provide a framework for this research and the variables studied within, a conceptual

model was adapted to illustrate how work attributes contribute to the physical demand

placed on the worker in an office environment (Figure 1).

Environment

Workload

Ughling
Noise

Temperalure

Task

Computer use

Reading HC

Writing HC

MisceBaneous

Away

Operator

Antrvropomelry
Behavior

Preferences

Age

Gender

Medical History
Strength

Discomfort / Injury

Figure 1: Research model used to illustrate how work attributes contribute to the

physical demand placed on the worker in an office environment.



Demand on an employee is a summation of factors that arises from the interaction of the

employee's physical characteristics and capabilities (strength, anthropometry), the

environment they work in (air quality, temperature, culture), the tasks they perform

(computer use, filing), and the equipment they utilize (desks, chairs, wrist supports).

Within the field of ergonomics there are six major risk factors that are recognized as

playing a significant role in the development ofWRMSDs.

1 . Repetition (repetitive movement and hand activity)

2. Forceful exertion

3. Posture (prolonged static loading and extreme positions ofjoints)
4. Contact Stress

5. Vibration

6. Environmental exposures (temperature, noise, light, etc.)

The extent to which an employee is exposed to ergonomic risk factors depends on the

relationship between the overall physical demand of the work system
and the worker's

capability and the duration to which the worker is exposed to the work. Thus, in knowing

the length of time aworker spends performing a task, one can determine important

information regarding the physical risks of the job, provided there is some knowledge of

the risk associated with the task. While researchers currently face a difficult challenge in

explicitly quantifying the
ergonomic risk factors, the duration to which workers are

exposed to the tasks they perform is nonetheless an important factor in evaluating the

overall physical risk.

Office Tasks:

Although there might be a lot ofvariability in how different workers perform tasks in an

office environment, the types of tasks typically
found in all office environments are rather

limited in scope. Regardless of the service or product a business offers, it is



commonplace for office workers to utilize computer input devices, scan the computer

monitor, reference hard copy materials for reading and writing, and to use the telephone

for verbal communication. Some of the office tasks that are known to have ergonomic

risk factors associated with them are described in greater detail below and are

summarized in Appendix A.

Keying:

Keying has been associated with several ergonomic risk factors. Punnett and Bergqvist

(1997) reviewed the findings associated with ergonomic risk factors of computer use in

56 studies and concluded that use of the computer and keyboard had a direct causal

relationship to disorders of the hand and wrist. Keying has been shown to be a highly

repetitive task, requiring up to 200,000 key strokes per day (Martin, Armstrong, Foulke,

Natarajan, Klinenberg, Serina and Rempel, 1996). Similarly keying has been associated

with inadequate work-rest cycles in which the worker sustains extended work periods

with no rest (Karlqvist, Wigaeus Tornqvist, Hagberg, Hagman and Toomingas, 2002;

Martin et al, 1996). The location and position of the keyboard (Hedge, McCrobie, Land,

Morimoto and Rodrigueq, 1995; Hedge and Powers, 1995; Bergqvist, Wolgast, Nilsson

and Voss, 1995; Fogleman and Lewis, 2002) have been shown to impact the risk factors

associated with keying. Hedge et al (1995) reported that sloping the keyboard away from

the user significantly decreased
wrist extension while keying (17.6 2.6 vs. 12.1 1.5;

p
= 0.0249). Similarly, Hedge and Powers (1995) showed that a negative slope keyboard

support significantly reduced
wrist extension when keying compared to having the

keyboard on the desktop (-1.2 vs. 13.0 2.2; p < 0.001). Fogleman and Lewis



(2002) found that placing the computer keyboard too low was associated with general

increased reporting ofdiscomfort in all areas ofbody except for the lower back and

shoulders. Additionally, there was a statistically significant increase in the reporting of

head discomfort (Odds Ratio = 2.3, Confidence Interval (CI) (95%) = 1.1 - 4.9). The

increased reporting ofdiscomfort was most likely due to the body postures that were

maintained while keying at such low levels. When the keyboard is used in a low

position, there is strain on the neck and upper back and the wrist is forced into extension

because the arms are extended downward. Bergqvist et al (1995) found that high

keyboard placement was associated with increased odds ofneck/shoulder discomfort

(Odds Ratio = 3.1, CI (95%)
= 1.3 - 7.2) and neck tension syndrome (Odds Ratio = 4.4,

CI (95%) =1.1-17.5). Furthermore, Carter and Banister (1994) found that traditional

QWERTY keyboard layouts force the wrists into excessive ulnar deviation and wrist

pronation. Other research identify lateral deviation of the hands, extension in the wrists

and excessive pronation of the forearms and wrists as non-neutral postures caused by

keying (Grandjean, 1984; Sauter, Capman and Knutson, 1984; Rempel, Harrison and

Barnhart, 1992). Finally, although it does not require great levels of force to activate the

keys of a keyboard, it has been found that people tend to use 4 to 5 times more force than

is actually required to depress keys (Feuerstein, Armstrong, Hickey and Lincoln, 1997).

Mousing:

Mousing too has been linked to certain ergonomic risk factors. Aaras Horgen, Bjorset,

Ro and Thoresen (1998) used body part discomfort data to find that the use of the mouse

is associated with the development ofpain in the forearm and the hand. They found that



those that used a mouse significantly more than those that did not (p
= 0.006), had

significantly higher intensity (p
=

0.02) and frequency (p
=

0.03) ofpain. Utilizing odds

ratios, Jensen, Finsen, Sogaard and Christensen (2002) found mousing among computer

users to be associated with symptoms in the hand/wrist (p
= 0.01 1) and shoulder (p <

0.001) compared to those that did not use amouse. Karlqvist, Hagberg, Koster,

Wenemark, and Anell (1996) found that the typical prolonged use of the mouse as well as

the resulting postural deviations of the shoulder, upper arm, elbow and wrist were risk

factors associated with mousing. Cook and Kothiyal (1998) also found that the location

of the mouse may play a role in the development of computer use musculoskeletal

disorders. In their study, muscle activity was significantly lower in the anterior (p
=

0.01)

and middle (p
=

0.03) deltoids when themouse was positioned so that shoulder abduction

was minimized. Finally, the magnitude of intra carpal pressure (ICP) has been shown to

increase when using a mouse (Keir, Bach, Rempel, 1999). Keir et al (1999) showed that

dragging objects (28.8-31.1 mmHg), pointing (18.4-28.8 mmHg) and even resting the

hand on the mouse (16.8-18.7 mmHg) significantly increase (p
=

0.003) normal ICP

compared to not having the hand on the mouse (5.3 mmHg).

Telephone Use:

The telephone is one of the most commonly used communication devices in the office

environment. Though no research was found that studied the task specifically, telephone

use may be linked to musculoskeletal
discomfort andWRMSDs because traditional

handsets can force the wrists, neck, shoulders and back into awkward and static postures

during use. Additionally, cradling the phone
increases contact stresses that can cause



added compression on the nerves of the neck and shoulder regions (Cornell University,

2002).

Writing Hard Copy Documents:

Though little research exists on the topic, writing hard copy documents can expose

workers to potential problems related to posture and force. Writing is a task that is

frequently performed on the desktop in many office environments. This can decrease

back support because people often lean in toward the desktop when they write. While

leaning forward to write, some people support themselves with the forearm and elbow of

theirwriting hand. This may increase the contact stress of the support members. The

force associated with gripping the writing utensil can also be a problem. Research has

demonstrated that the pinch force maintained while writing is related to the development

of"writer's
cramp"

or other nonspecific discomfort of the hand (Schenk andMai, 2001;

Udo, H., Otani, Udo, A., and Yoshinaga, 2000; Odergren, Iwasaki, Borg, and Forssberg,

1996).

Reading Hard Copy Documents:

Finally, reading and referencing hard copy documents can force the body into awkward

postures. Research has shown, the most prevalent regions ofmusculoskeletal discomfort

associated with reading hard copy documents from the desktop are the neck, shoulders

and upper back. Burgess and Neal (1989) found that referencing hard copy documents

on the desktop can increase loading on the neck and force the neck into deviated postures

compared to using a document
holder. Moreover, Bauer andWittig (1998) showed that



the positioning of the document holder may also influence posture and muscle activation

in the upper back while reading hard copy documents.

Reading theMonitor:

The location and placement of the computer monitor have also been shown to correlate

withWRMSDs. In particular Bauer andWittig (1998) discussed the linkage between

discomfort, postural deviation and muscle activity in the neck and shoulders and the

position of the monitor. Muscle activation (13.9% 4.4% of average muscle activity)

was higher when the monitor was placed in positions that have a higher inclination of

vision (35 angle connecting line between the eye and midscreen of the monitor).

Additionally, they found that angles of inclination of 17.5 and 0 do not have a

statistically significant influence on head inclination or muscle activation. In support of

such claims, Fogleman and Lewis (2002) demonstrated that having the monitor too low

was a significant risk factor for subjects reporting discomfort in the shoulders (Odds

Ratio = 2.5, CI (95 %) of 1 . 1 - 5.9) and lower back (Odds Ratio
= 2.9, CI (95 %) 1.2 -

7.4). Bergqvist et al (1995) found that high monitor placement was associated with

increased odds ofneck tension syndrome (Odds Ratio = 7.4, CI (95%)
= 0.9 - 60.3).

Body Support:

Aside from the tasks themselves, workplace design and equipment can have a significant

effect on exposure to risk factors and WRMSD (Purmett and Bergqvist, 1997) and is a

significant variable in assessing the work demands. Generally, the workstation should be

designed in such amanner as to minimize ergonomic risk factors. One way that this is

10



accomplished in the office environment is to maintain supported neutral postures in the

body. Low back pain (Punnett, Fine, Keyserling, Herrin and Chaffin, 1991), fatigue, and

soft tissue disorders such as carpal tunnel syndrome and tendonitis (Habes, Carlson and

Badger, 1985) have been linked to non-neutral postures. In addition, it has been found

that supporting various members of the body can reduce static loading on the muscles

used to maintain the postures.

Back and Elbow Support:

A study performed by Andersson and Ortengren (1974) showed that the magnitude of

force acting on the back was a function of trunk pressure (pressure between disks L3/L4

of the spine) and body support. Specifically, it was shown that sitting without a backrest

increased intra-disk force by about 30% compared to standing. Sitting without a backrest

or arm support increased intra-disk force by over 50% compared to standing (Chaffin,

Andersson andMartin, 1999). To address these issues, office furniture manufacturers

offer a wide array of features intended to offer back and arm support. While this

furniture is purchased by employers, the benefit of the support features can only be

realized if the employees use them. Failure to utilize these features may increase the

physical risk to which the employee is exposed.

Forearm andWrist Support:

The benefit of supporting the wrists (Damann
and Kroemer, 1995) and forearms (Visser,

de Korte, van der Kraan and Kuijer, 2000) has also been documented. Damann and

Kroemer found that use of a wrist support and correct working height significantly affect

11



the amount ofwrist extension (p
= 0.0001 and p

=

0.0001), wrist flexion (p
= 0.0138 and

p
= 0.0134), and radial deviation in the wrist (p

= 0.0359 and p
= 0.0060) while mousing.

Visser et al (2000) showed that level of activation of the trapezius muscle was lower

(mean = 25 % muscle activation, standard deviation (SD) = 15) when the arms were

supported with a particular support device compared to no support (mean = 39 % muscle

activation, SD
= 9). Visser et al (2000) reported similar findings for mouse use. Aaras,

Fostervold, Thoresen and Larsen (1995) found the upper trapezius load while keying with

the arms supported to have significantly lowermean EMG readings (0.8 % Maximum

Voluntary Contraction (MVC)) compared to keying without support (3.6%MVC).

Milerod and Ericson (1994) showed arm support significantly reduced static loading on

the trapezius descendens (p
= 0.02), trapezius transverses/supraspinatus (p

=

0.003) and

anterior deltoid (p
=

0.01) muscles. Furthermore, Bendix and Jessen (1986) found that

supporting only the wrist while keying significantly increases (p
=

0.001) the load on the

trapezius muscles (59.9 uV) compared to no support at all (36.2 pV).

Assessment Tools:

As alluded to previously, while a set of risk factors has been identified, there is a lack of

knowledge within the fields of ergonomics and occupational medicine on the
dose-

response relationship involved in the
development ofWRMSDs. There are several

reasons for this knowledge gap related to the variability in individuals, but one of the

biggest obstacles to understanding the dose-response relationship is the lack ofpractical

and effective tools with which to quantify the risk factors associated withWRMSDs.

Ergonomic risk factors and their effects on the human operator can be assessed in a

12



variety ofways. The most commonly used methods are instrumentation, direct

observation and self-report (Mortimer, Hjelm, Wiktorin, Pernold, Kilbom, Vingard and

MUSIC-Norrtalje Study Group, 1999), each ofwhich are described below.

Instrumentation :

For some physical exposures, it is possible to use instrumentation to directlymeasure the

variable of interest. There are various types of analytical devices to perform direct

measurements of ergonomic risk factors such as goniometers and inclinometers to

measure joint angels, dynamometers to measure forces and sound and light meters to

measure their respective environmental factors. More advanced methods exist, including

EMG to measure muscle activation (Bauer andWittig 1998; Visser et al 2000; Aaras et al

1995; Milerod and Ericson 1994; Bendix and Jessen, 1986), and oxygen uptake to study

energy consumption (indirect calorimetry).

Although instrumentation can be used to objectively and quantitativelymeasure the

body's exposure to ergonomic risk, not all variables important to ergonomics can be

directlymeasured. For instance, there is no method to objectively measure the amount of

discomfort an individual experiences since discomfort is primarily a subjective response.

Even when risk factors can be studied with instrumentation, oversight of the experiment

and supervision of the data analysis usually requires specialized knowledge. The cost

and expertise associated with
instrumentation can be a limiting factor that prevents its

use, particularly in studies that
utilize a large sample size. Furthermore, ergonomics

13



practitioners in the field typically do not have the resources to use instrumentation on a

widespread basis.

Observation:

Direct observation of ergonomic risk factors is applied to many different situations. In

some cases observations are objective and in others they are subjective. For example,

work sampling can be a very objective observational technique to assess the frequency

and distribution of activities performed over a defined envelope of time. In the simplest

case, the categorization ofwork sampling tasks is essentially a binary decision. The

observer either records that the subject performs a task or does not perform the task.

There is little uncertainty with such a classification. When estimates have more room for

interpretation, such as the angular deviation of a particular joint, the observations become

more subjective and have lower inter-rater reliability (Keyserling, 1986).

To make the latter group ofobservational methods at least somewhat objective, anchor

points and systematic methods have been used to provide guidance and structure to the

analyst. The Ovako Working posture Analyzing System (OWAS) (Karhu, Kansi and

Kuorinka, 1977) has been used to determine postural loads on the body (back, arms, legs

and head) and to quantify exposure to work-related ergonomic risk factors. A derivative

ofOWAS is PATH (Posture, Activities, Tools and Handling), which is an ergonomic

assessment method that uses work sampling based observation to study manual materials

handling (MMH) activities and other exposures for non-repetitive work (Buchholz,

Paquet, Punnett, Lee and Moir, 1996). Rapid Upper Limb Assessment (RULA) was

14



designed to investigate the exposure of individual workers to risk factors associated with

WRMSDs (McAtamney and Corlett, 1992). RULA is a screening tool that assesses

biomechanical and postural loading on the body. The assessment produces a score and

suggests follow up actions that may be required. RULA works well for studying

sedentaryworkers such as computer users. Finally, Latko, Armstrong, Foulke, Herrin,

Raboum and Ulin (1997) developed a methodology to rate repetitive hand activity based

on observable characteristics ofmanual work. The method uses a series of 10-cm visual-

analog scales with verbal anchors and benchmark examples and was found to have a high

correlation (r = 0.58) with the amount of recovery time within the job cycle.

Despite their relative popularity and widespread use, issues associated with direct

observational methods exist. Some of the assessment techniques require the observer to

complete extensive training in order to be used in a reliable fashion. For example, PATH

requires a 30 hour training curriculum andmanual (Buchholz et al, 1996). In addition,

the presence of an observer can cause anxiety to the subject being studied, whichmay

cause the subject to perform in an atypical manner (Rosenthal, 1976). People can get

nervous when they know their work is being watched or theymay try to conform to

anticipated
"correct"

behaviors to satisfy the observer. It has also been found that the

analystmay introduce encoding errors through improper judgment and intentional data

distortion (Muckler and Seven, 1992). Lastly, observational methods in themselves can

be very subjective; even with rules and
guidelines one analyst's perception ofwhat is

being observed may differ significantly from the perception ofother analysts.

15



SelfReport:

The final class ofmethods, which is also the focus of this research, is self reported

measures. Self reported measures are used to obtain information about an individual's

own exposure to risk factors and other work-related variables. Self reports are cost

effective in that they are easy to complete and can be administered over large numbers of

people (Hartley, Brecht, Pagerey, Weeks, Chapanis and Hoecker, 1977; Mackay and

Cox, 1987). The downsides of self report have also been described in the research. Self

reports are subjective in nature which may limit the strength of the interpretation of the

results found (Fogleman and Lewis, 2002). Self-report can be biased or influenced by

psychosocial factors that distort the findings, thereby affecting the accuracy. According

to Berry and Houston (1993), the validity of self report hinges on two very important

assumptions. The first is that subjects possess significant insight that leads to useful

information. Secondly, subjects must be willing to report their personal insights in a

truthful manner. Some of the sources ofbias that can impact a subject's ability to

truthfully transmit self report data are social desirability, dissembling, post hoc

rationalization and defensemechanisms (Mackay and Cox, 1987). Another problem with

many of the methods that utilize
worker perception is that they lack scientific validation

necessary to make
conclusive decisions about results obtained when using such methods

(Mackay and Cox, 1987). This is particularly true for self-report.

A myriad of studies involving the accuracy ofworker self report have been performed.

Such studies are diverse and cover many relevant topics with one theme in common, an

investigation into the accuracywith which subjects provide quantitative information

16



related to a particular work related variable. These studies may be broadly classified into

two categories: studies related to ergonomic risk factors (e.g. force, posture) and studies

to investigate other work attributes related to the frequency and duration of certain

events. Examples of such studies are discussed below.

Ergonomic Risk Factors: Self reported measures have commonly been used to

study force and exertion related to materials handling. The perceived physical exertion

and perceived risks of lifting tasks were found to provide moderate correlation (r = 0.54

and 0.53, p
=

0.01) to the revised NIOSH lifting index for experienced workers (Yeung,

Genaidy, Karwowsk, and Leung, 2002). In contrast, the findings of an investigation into

the reliability of self report by Van der Beek, Hoozermans, Frings-Dresen and Burdorf

(1999) suggests that perceived levels of exerted forces are not accurate enough to be used

in epidemiologic studies. FurthermoreWiktorin et al, (1996) used self report to

investigate people's ability to predict the weights of loads, to reproduce predetermined

levels of force and to estimate the amount of force required to simulate common work

tasks. Based on their analysis, three findings were reported. First, it was found that self

reports consistently underestimated the weights of the loads being lifted. Secondly, the

magnitude of the simulated work forces was reproducible with high precision. Lastly the

ability for subjects to quantify the forces
associated with common work tasks was poor.

Posture has also been evaluated and much of the literature regarding the duration of time

spent working in specific postures
concludes that accuracy of self reports is poor

(Wiktorin, Karlqvist andWinkel, 1993; Burdorf and Laan, 1991). For exampleWiktorin
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et al (1993) found significant differences between self reports and reference

measurements for time spent sitting (p < 0.01) and time spent with the head bent forward

(p < 0.01). Burdorf and Laan (1991) found the percentage of dailywork time spent

standing (p < 0.05) and sitting (p < 0.05) as reported through a self administered

questionnaire to be significantly different from corresponding observed values.

Moreover, Viikari-Juntura, Rauas, Martikainen, Kuosma, Riihimaki, Takala and

Saarenmaa (1996) and Wiktorin et al (1996) reported that in general, people overestimate

the amount of time spent in strenuous work postures. Andrews, Norman, andWells

(1998) also found poor agreement between self report and observed body postures and

loads on the body. Pearson correlation coefficients for the between method comparisons

ranged from r = 0.01 (number of trunk extensions) to r
= 0.51 (number ofmoderate trunk

flexions > 15 ). Additionally, it was found that self reports overestimated the number of

repetitions (number of times a posture was maintained), therefore overestimating their

exposure levels. The authors reported that employees found it difficult to estimate the

number of times a task was done during an average shift through self report.

Interestingly,Mortimer et al (1999) found that self reports about time spent sitting, and

working with arms in similar working postures as
previous studies were also

overestimated but were accurate enough
(r2= 0.41 - 0.69) for studying such postures in

future studies.

Time Related Work Attributes: Self report has also been used to assess the

frequency/duration ofwork tasks in an office environment. In some cases there is strong

agreement between self reports and reference values on specific work tasks being studied.



For example, an investigation into the relationship between self-reported computer

system use and system log data, found that only three out of eighteen data points had

significant differences (p < 0.05). As a result, the study concluded that there were

moderate to strong correlations (r
= 0.36 - 0.53) between self reported duration and

frequency of system use and log data (Deane et al, 1998). However, there are studies that

contradict the accuracy of self report that Deane et al found. Klemmer and Snyder (1972)

used randomized work sampling to evaluate the validity of self report and found that

there were noticeable discrepancies in self report estimates of specific communication

tasks (talking face-to-face, telephone, reading and writing). Additionally, Homan and

Armstrong (2003) compared self report, time lapse video analysis, and electronic activity

monitoring to determine the best method for assessing physical workload during

computer use. Worker self-reports ofdailymousing (p < 0.01) and typing time (p < 0.01)

were significantly higher than that obtained from activitymonitoring. Additionally the

authors concluded that when workers overestimate the actual time spent mousing and

typing theymay bias the exposure-response
association.

Due to such discrepancies, there have been a number of researchers who have attempted

to understand and evaluate the sources of the variability in the accuracy
with which

subjects self report. It has been suggested that there are two important factors that can

influence the accuracy of self report. First, as the
detail needing to be recalled increases,

the accuracy of self report may
decrease. According to Hartley et al (1977), workers are

better at identifying the tasks (binary variable)
that they performed versus estimating the

relative amount of time performing the activities. Secondly, the employee's perception

of the tasks being performed can also influence self
reports. Two such influences on
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perception are the importance of the task and the relevance of the task. Burns (1957)

reported that workers (managers) usually overestimate the time spent on important

activities (production, costs, accounts) and underestimate personal time.

Overall, there does not appear to be a clear pattern in the literature with respect to the

reliability of the self reports. In general the apparent lack of agreement associated with

research investigating self report demonstrates how unreliable such an assessment

method can be. To further investigate this problem, one objective of this research is to

utilize work sampling techniques to evaluate the accuracy with which office workers

estimate task and work posture duration. Furthermore, this work seeks to investigate

whether factors related to the worker and the tasks performed may contribute to the error.
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Methods:

To accomplish the stated objectives, an experiment was conducted in which office

workers were asked to estimate the amount of time spent performing specific activities in

theirwork environment. The experiment utilized video-based work sampling techniques

to monitor the activity of employees at an office complex during normal working

conditions. After a typical period ofwork, participants were interviewed to determine

their perception of the frequency with which they performed specific activities. Worker

estimates were then compared to the results of the objective work sampling to evaluate

the accuracy of the worker perception. Therefore, employee error (actual frequency
-

perceived frequency) is the independent variable and the tasks and work postures, gender

andMSD history are all treated as dependent variables.

Equipment:

The equipment used for this experiment consisted of a video camera with a time-lapse

setting, a computer equipped with video capture
hardware/software and a customized

software program forwork sampling. The video camera was used to record the

participants as they tended to their work routine. The time-lapse feature
enabled the

camera to be used for work sampling. A computer with video capturing and editing

capabilities was used to transpose the videos from the video camera to digital media.
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Subjects:

Fourteen subjects (n = 14) were utilized for this experiment. Nine subjects were female

and five were male. Employees involved with this study were consenting and willing

participants that were not compensated beyond their normal wages for their participation.

All participants work in the human resources department at an office complex and their

dailywork required the frequent use of a computer and phone. The workstation

configuration varied depending on the employee's role. Managers had executive style

offices with traditional wooden desks and furniture (n = 2). However, most of the

employees (n = 12) worked in cubicles with adjustable work surfaces. All employees

used the same type of chair. The participants ranged in age from 20 to 57 years with a

mean of 37 years (SD = 16 years). The amount of experience that the participants had

working in an office environment ranged from 2 months to 15 years with an average of

1 1 years (SD = 1 1 years).

Procedure:

The experiment consisted of two phases. The first phase, work sampling, involved using

video to sample the work estimates performed by subjects during a typical workday. The

second phase, worker interview, involved the assessment of the employee's perception of

various work attributes. These included the worker's perception of task frequency,

perceived use ofbody supports and perceived discomfort. Each of these phases is

described in further detail below.
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Work Sampling:

Prior to participating in the study, subjects were briefed on the objectives and the

procedure of the experiment. Participants then signed consent forms indicating his/her

willingness to be involved with the study. Once consent was obtained, the video camera

was set up to capture all activities that the employee performed in their cubicle during the

observational period. The time lapse feature on the camera enables work sampling by

taking a one second video sample every minute throughout the evaluation period. The

information collected on the video was then used to determine the frequency ofobserved

tasks and postures. The percentage of time spent performing a particular activitywas

then calculated by dividing the number ofobservations that demonstrated a particular

task or posture by the total number ofobservations. Five hours ofdata collection

produced an accuracy level of 4 % that the employee will be in their cube, based on

statistics obtained during a pilot study. This calculation is can be found in Appendix B.

Worker Survey:

At the conclusion of the video sampling, the subjects were interviewed to assess their

perception of the observation period. Several pieces of information were obtained.

1) Perception oftaskfrequency.
Employees were asked to indicate the amount

of time they perceived to spend performing eight
common office tasks during

the evaluation period.

2) Perception ofworkposture
frequency. Employees were asked to indicate

what percentage of the evaluation period they perceived to use specific body

part support devices in their office.
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Both of these items are described below in detail. All of the forms used to collect the

information from the employees in the worker survey (including body part discomfort

data) have been included in the Appendix.

Perception oftaskfrequency: The perceived frequency with which employees

perform common office tasks was obtained through a dictated interview with visual aids

and pictures to facilitate data collection. The eight tasks that employees were asked to

estimate were keying, mousing, reading on a computermonitor, reading hard copy

documents, writing hard copy documents, phone use, miscellaneous office tasks and

being away from desk. To maintain a consistent definition of each task, the tasks are

described below.

1) Kevins: Keying occurs onlywhen the digits of the hand physically depress keys

on the keyboard (not when fingers rest on the keys).

2) Mousins'. Mousing occurs when the mouse is moved bymotion in the hand and

wrist orwhen the digits of the hand depress the mouse buttons.

3) Readins offMonitor: Reading from the monitor occurs when the subject is

focusing on the monitor.

4) ReadinsHard CopyDocuments: Reading hard copy documents occurs when the

subject references a hard copy document.

5) WritinsHard CopyDocuments: Writing occurs when subjects mark hard copy

documents with a writing utensil.

6) Phone Use: Telephone use occurs when the subject is dialing or uses a handset or

a headset to communicate with others.
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1) Miscellaneous Tasks: Any other task that is performed during the evaluation that

is not on this list (e.g., stapling, filing, personal time, etc.).

8) Away From Desk: When the employee is not in the viewing angle of the camera's

lens.

These tasks were selected because they often have ergonomic risks associatedwith them

(See Appendix A) and they exemplify the most typical tasks associated with working in

an office environment. The three categories that are included in the study, but are not

included in Appendix A (miscellaneous, away and multitasking) are described below.

The miscellaneous category is used to capture information about tasks that are performed

in an office environment but that are not as common or that are not easily identifiable.

Some examples include using a calculator, filing papers or sipping coffee. Away is not

included because the study is designed to look at what the participant does inside the

cubicle. Although there are tasks that have ergonomic risk factors outside of the cubicle,

they are beyond the focus of this study, and therefore not included. It is possible for two

or several of these tasks to be performed simultaneously. For this scenario, a

"multitasking"

category was created. Multitasking is defined as any time that any one of

the eight identified office tasks is performed at the same time as any other while the

employee is in their cubicle. It is important that multitasking be differentiated from tasks

that require multiple actions to be performed at the same time. Mousing and keying are

used to illustrate this distinction. Using the mouse to interact with the computer cannot

effectively be done without simultaneously viewing
the monitor. However, with keying

information can be entered into the computer without viewing the monitor (e.g., touch

typing while referencing a hard copy document). Mousing and viewing information on
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the monitor would not be considered multitasking, but keying and reading hard copy

documents would be. Finally, information was collected on how representative the

evaluation period was of a
"typical"

work day. Employees were asked to indicate on a

scale from 1 to 10, with 10 being a perfect representation.

Perceivedfrequency ofworkpostures : The subject's perceived use of support

devices to support his/her back, elbows, forearms and wrists is another aspect of the

study. In the office environment equipment such as chairs, armrests, wrist rests and even

the surface of the desktop are used to support a range ofbody members. Refer to the

Appendix to view the form that was used to collect information about the employee's

perceived work posture frequency.

Subjects were asked to indicate the percentage of time that they used their available

furnishings to fully support their back and elbows while at their desk. Subjects were

shown pictures ofwhat are considered fully supported back and elbow postures and

pictures that illustrate a non-fully supported back and elbow postures. They were then

asked to indicate the percentage of time in which their back and elbows were fully

supported during the evaluation. Subjects were then asked to estimate the percent of time

that they fully supported their wrists and forearms while using the
computer (keying or

mousing). Again, pictures were used to illustrate both supported and unsupported

postures. Lastly, subjects were asked to estimate the amount of time they spent

"cradling"

the phone and mousing with a straight
arm. It is widely advised that the

elbows should be at an angle of approximately
90

when keying and mousing (Human
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Factors and Ergonomics Society, 1998). If the elbow is straight while mousing, added

strain on the elbow, neck and shoulders can result.
"Cradling"

is a term used to describe

holding a phone with the head, neck and shoulder without the use of the hands. This

posture is usually used when the employee is on the phone for extended periods of time

or when the employee needs to use their hands to perform other activities while on the

phone. This posture can lead to awkward neck and shoulder positioning and increased

muscle tension. Relevant ergonomic risk factors associated with working postures in an

office environment are found in Appendix A.

Analysis;

After transposing the videotape to digital media, the video was analyzed on a computer.

The programs that were used for the analysis were digital video viewing software and a

custom made application (Figure 2). This software was used by the analyst at the same

time as the viewing software and its purpose is to minimize the amount of time that it

takes to fully evaluate and analyze each video session and to improve documentation of

the study.
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Figure 2: An illustration of the

custom software used to

perform the analysis of each

employee's video session.
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There were two dimensions of the system that were analyzed (tasks and work postures)

and both were executed at the same time. The video was viewed one snippet (one second

ofvideo) at a time. Each video contains approximately 300 snippets. For each snippet

viewed, a corresponding record was generated by the software that stores information

about the employee's actual task frequency and posture. Each of the eight tasks has a

corresponding button. For each snippet the analyst presses any and all of the buttons that

are represented in the video. After the actual tasks are observed the same snippet is

analyzed for work postures. Each unsupported posture is recorded by selecting the

appropriate button(s). For the posture analysis the "Forearm Not
Supported"

and the

"WristNot
Supported"

buttons are only used when the use of the mouse or keyboardwas

selected in the task analysis section. This is necessary because the employee's back and

elbows should be supported in every frame analyzed but the same is not necessarily true

for the forearms and wrists. After the last snippet has been saved the program generates a

report of all the information that was stored in a spreadsheet. Using the data collected in

the spreadsheet, the employee's perceived frequency of tasks and work postures were

compared to the actual frequencies.
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Results:

To provide an overview of the data, scatter plots ofperceived frequency vs. actual

frequency for each of the tasks (Figures 3) and postures (Figure 4) analyzed in this study

were prepared. Ideally, all the data points would fall on the line y
=

x, indicating

perceived and actual values to be the same. The more an employee's perceived

frequency deviates from the actual, the further the data are from the line. Qualitatively,

these graphs suggest that work postures contain more variability then do tasks, which is

exemplified by a greater dispersion of the data.
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Figure 3: Perceived vs Actual Task Frequency

The further away a data point is from the line (y = x), the greater the error in estimating

task frequency.
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The diagonal line (y = x) represents complete agreement between self reported work

posture frequency and the actual work posture frequency. The further away a data point
is from the line, the greater the error in estimating work posture frequency.
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Additionally, Figure 5 provides a visual representation of the mean error between actual

frequency and perceived frequency for work tasks (a) and work postures (b). The mean

error is accompanied by the upper and lower bounds of the 95% confidence interval. All

tasks and work postures that the employee underestimated have a positive mean error

value and all tasks and work postures that were overestimated have a negative mean error

value.
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Figure 5: The mean error surrounded by the 95% confidence interval. The confidence

interval represents an upper and lower bound on the range of error that might be

expected for each task (a) and for each work posture (b).
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To further investigate such errors in employee perception, a number of statistical analyses

were performed. However, the number of viable statistical methods were limited by the

small sample size (n = 14) of the study, as a small sample size can make normal

approximations difficult. To determine if the errors in Figures 3, 4 and 5 were normally

distributed Anderson-Darling tests were first performed, and the results are shown in

Table 1. According to the Anderson-Darling tests, the errors were normally distributed

(alpha = 0.05) for five out ofnine task categories. Reading hard copy documents, writing

hard copy documents, miscellaneous, and multitasking did not exhibit the properties of

being normal. However, the latter two of these tasks are barely non-normal with p-values

of0.035 and 0.034 respectively. It was also found that only three out of six postures

were normally distributed (Table 1). Support for the wrists (p
= 0.028), straight arm

mousing (p
=

0.003) and cradling the phone (p < 0.001) were all found to be non-normal.

Because nearly halfof all the dependent variables
failed the Anderson-Darling test for

normality, non-parametric statistics
were used throughout for analyzing most of the data.

These tests are summarized below.
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Anderson-Darling Test for Norma ity

Tasks

Measure AA2 p-value Status

Mousing 0.207 0.833 Normal

Keying 0.592 0.101 Normal

Reading Monitor 0.344 0.434 Normal

Reading Hard Copies 1.043 0.007 Not Normal

Writing Hard Copies 1.823 <.001 Not Normal

Phone 0.245 0.709 Normal

Miscellaneous 0.764 0.035 Not Normal

Away 0.32 0.496 Normal

Multitasking 0.773 0.034 Not Normal

Work

Postures

Back (Not supported) 0.34 0.444 Normal

Elbows (Not supported) 0.365 0.385 Normal

Forearms (Not supported) 0.256 0.671 Normal

Wrists (Not supported) 0.802 0.028 Not Normal

Fully Extended Mousing 1.148 0.003 Not Normal

Cradling Phone 1.858 <.001 Not Normal

Table 1 : The Anderson-Darling test was performed on the difference between observed

frequency and perceived frequency for each task and work posture. Displayed are the

corresponding AA2 test statistic, the p-value and the status (normal/non-normal) of

each measure.
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Effect ofWork Task on Error:

To see whether the accuracy for any given task varied significantly from any of the other

eight tasks, the Friedman procedure was used. The Friedman procedure is a non-

parametric procedure, analogous to a two way ANOVA. The employee's task frequency

error and the employee were the response variables
("blocked"

by employee). The

results of the Friedman test on tasks showed significance (p < 0.027), which suggests that

there was at least one statistically significant difference among the tasks. Furthermore,

Figure 6 shows the mean task error, the lower and upper quartiles, and the groups that

were formed as a result of the Friedman procedure. Tasks sharing one or more letter(s)

are not significantly different. The perceived frequency ofmultitasking was generally

over estimated and significantly different from mousing, phone use, reading hard copy

documents, reading the monitor, away and miscellaneous. Keying differences were

significantly different from reading hard copy documents, reading the monitor, away and

miscellaneous. Both multitasking and miscellaneous were significantly different from

mousing. Miscellaneous was also significantly different from writing hard copy

documents. In addition, writing hard copy documents was found to be significantly

different from away.
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Figure 6: The graph shows the average error for each task, the associated lower and

upper quartiles and the task grouping from the Freidman analysis. A task that shares

at least one letter with any other task is not significantly different from that task. If the

task does not share at least one letter with another task, than it is significant with that

task. For example, multitasking is not significantly different from keying or writing
hard copy documents, but it is significantly different from mousing, phone, reading

hard copy documents, reading the monitor, away and miscellaneous.
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Effect ofWork Posture on Error:

The Friedman procedure was also used to determine whether the accuracy for any given

work posture varied significantly from any of the other five work postures. The test

found that work postures did not show statistical significance (p
= 0.510). Figure 7

presents the mean work posture error, the lower and upper quartiles and the single group

formed by the Friedman test.

15%

1 5%

j ~5%

\ -15%

*
-25%

-35%
x

.<?

P

Freidman Grouping of Significant DifferencesWithin Work Postures

y

s

i * i

x
^ y

<? <?

Figure 7: The graph shows the average error for each work posture, the associated

lower and upper quartiles. There were no work postures found to be significantly

different from any other.
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Error ofEmployee Perception:

To determine which tasks and postures exhibited statistically significant differences

between the actual and perceived duration (i.e., which errors were significantly different

from zero), the
Mann-Whitney procedure was used, which is analogous to a paired t-test.

The results of theMann-Whitney procedure are summarized in Table 2.

Mann-Whitney Rank Sum Test

Measure W - statistic p
- value Status

Tasks

Mousing 202 0.9816 Not Significant

Keying 156 0.0325 Significant

Reading Monitor 227 0.2797 Not Significant

Reading Hard Copies 218 0.5017 Not Significant

Writing Hard Copies 183 0.3677 Not Significant

Phone 199 0.8718 Not Significant

Miscellaneous 256 0.0155 Significant

Away 242 0.0759 Not Significant

Multitasking 161 0.0564 Not Significant

Work

Postures

Back (Not supported) 189 0.5344 Not Significant

Elbows (Not supported) 196 0.7651 Not Significant

Forearms (Not supported) 208 0.8361 Not Significant

Wrists (Not supported) 178.5 0.2684 Not Significant

Fully Extended Mousing 218 0.5037 Not Significant

Cradling Phone 173 0.1407 Not Significant

Table 2: The Mann-Whitney procedure tests the equality of population medians. The

table shows the task,W-statistic, p- value (adjusted for ties) and the status

(significant/not significant) of the task. The null hypothesis is that there is no

difference between observed and perceived values and alternative hypothesis is that

there is a significant difference between the observed and perceived values.
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Keying (p
=

0.033) and miscellaneous (p
=

0.016) were the only tasks to show significant

differences between the observed and perceived values. However, away (p
=

0.0759) and

multitasking (p
=

0.0564) were nearly significant. These findings are consistent with the

results of the Friedman procedure which identified miscellaneous, multitasking, away,

and keying as the tasks with the greatest amount of error. In addition, like the Friedman

findings, the Mann-
Witney procedure did not detect any significant differences between

the observed values and perceived values for any of the investigated work postures.

Adjusted Keying andMousing:

Despite instructions that explicitly defined keying as "using the digits of the hand to

physically depress keys on the
keyboard"

and mousing as "when the mouse is moved by

motion in the hand and wrist or when the digits of the hand depress the mouse
buttons,"

it

is possible that subjects incorporated time spent resting their hands on the mouse or

keyboard into their perceived estimate of time spent keying ormousing. To investigate

this effect, paired t-tests were used to compare the difference in error when using the

unadjusted actual data versus using adjusted data (unadjusted actual + resting period) as

the
"actual"

time. The t-tests, which are based in parametric statistics, were selected as

the appropriate statistical method for this comparison because the Anderson-Darling

normality test showed that errors were normally
distributed for keying (p

=

0.101) and

mousing (p
= 0.883). The difference between the unadjusted actual keying data and the

adjusted keying data were significant (p
= 0.003) at the 95% confidence level which

means the unadjusted actual keying data and the adjusted keying data are not equal. In

addition, it was found that the adjusted keying data reduced error, as most employees
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overestimated the amount of time spent keying (Figure 8). To test whether this reduction

in error was significant a t-test (alpha = 0.05) was run comparing the adjusted frequency

data to the original perceived frequency data. The test showed that there was not a

significant difference between the adjusted keying and the original perceived frequency

(p
= 0. 1 09). This is in contrast to the unadjusted findings, which showed a significant

difference between observed and perceived keying frequency (p
= 0.033).

Effect of Incorporating Resting Period on Perceived Keying
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Figure 8: The unadjusted actual, the adjusted actual (unadjusted actual + time resting

hands on keyboard) and the employee's perceived duration of keying. The labels on

the x-axis correspond to the ranked order of adjusted actual keying frequency.
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A similar analysis was performed on mousing. The paired t-test investigating the

difference between the unadjusted actual data from the video to the adjusted data

(unadjusted actual + static resting) is significant at the 95% confidence level for mousing

(p < 0.001). As with keying, the adjusted actual mousing frequency (p
=

0.068) did not

show significance when compared to the perceived frequency. Figure 9 shows the

unadjusted actual mousing, the adjusted actual mousing and the perceived mousing

frequency. Although the value is barely non-significant, it appears the adjusted observed

mousing frequency has the opposite effect as adjusted keying. Where the accuracy for

keying improved when adjusted (because the adjustment moved in the direction of

employee's error), the adjusted accuracy formousing decreased. This occurred because

the error in perceptions ofmousing frequency were quite low (mean error = -0.017)

compared to the adjusted estimates (mean error = 0.1 10).

Effect of Incorporating Resting Period on Perceived Mousing
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Figure 9: The unadjusted actual, the adjusted actual (unadjusted actual + time resting
hands on mouse) and the employee's perceived duration of mousing. The labels on

the x-axis correspond to the ranked order of adjusted actual mousing frequency.
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Musculoskeletal Disorder History:

The presence ofmusculoskeletal discomfort has been investigated in previous research

dealing with the validity of self report. Using the Mann-Whitney procedure (p
= 0.289),

there was not a significant difference in the accuracy of those with a history of anMSD

(n = 2) and those without such histories (n
=

12) for task accuracy. Similarly, there did

not appear to be a significant relationship betweenMSD history and the accuracy ofwork

posture frequency (p
=
.963). The small sample size and the uneven distribution of

subjects in the classification scheme (MSD history vs. not) may have influenced these

results.

Question Specificity:

As mentioned previously, there is research that supports the notion that the accuracy of

self report is dependent on the level of accuracy contained with the measure being

queried. Figure 10 illustrates the relationship between question specificity and accuracy.

As the detail of the question being investigated increases (becomes more specific), the

magnitude of error also increases. The self reported measures with the lowest level of

error are general tasks and those with the largest magnitudes of error are specific work

postures.

43



Combined (Tasks and Work Postures) Absolute Average Error
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Figure 10: The absolute average error for all tasks and work postures follow a pattern

of increasing error with increased question specificity.
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Discussion:

Overall, the accuracy of self reported measures was relatively good, with six of fifteen

measures having less than 5% average error, eleven of fifteen measures having less than

10% error and all measures having less than 20% error. Homan and Armstrong (2003)

found a twofold relationship between self report and work sampling. In that study, self

report values were on average two times higher than those forwork sampling. Although

the current study found self reports to be overestimated, the level of error was found to be

slightly lower, at 1.5 times higher. The findings of this study are consistent with those of

previous research involved with self report but the small sample size of the study may

limit the strength of their interpretation. Having a small number of subjects makes

statistical analysis more difficult and often times limits the expansion of the results to

other applications. Having a larger number of subjects may have decreased the

variability and increased the power
of the study.

Comparison of Findings:

Tasks:

There were similarities and challenges to the findings investigated in previous research

associated with specific office tasks. Kelmmer and Snyder (1972) found that reading

(8%) and writing (8%) are generally
overestimated with self report. The current study

found agreement with employees overestimating
time spent writing hard copies (7%

overestimation), but in contrast,
employees were quite accurate at estimating the amount
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of time spent reading hard copy documents. The average error for reading hard copies

was 1%, indicating it was only slightly underestimated.

Bums (1957) found that workers usually overestimate the time spent on important

activities and underestimated personal time. Such findings loosely correspond to the

findings of this study. Employees in the current study overestimated the time spent

performing important activities such as writing hard copy documents (8%) and keying

(13%), but underestimated the amount of time spent on personal activities like being

away from the desk (8%) and miscellaneous tasks (11%). Although away and

miscellaneous are not exclusively composed ofpersonal activities, they are the only

classification of tasks that address personal needs.

Hartley et al (1977) and Klemmer and Snyder (1972) found that workers overestimate the

time spent on the phone. Even though employee estimation ofphone use was quite

accurate, it was found that phone use was overestimated by about 1% in the current study

as well as Klemmer and Snyder (1972). The time spent using the computer and thus the

tasks associated with using the computer seem to correspond quite well to the findings of

Deane et al (1998), Hartley et al (1977), and Homan andArmstrong (2003), all ofwhich

found a general overestimation in the amount of time spent using the computer. As with

Deane et al (1998) this study found that workers
overestimated the time spent on the

computer (average error ofkeying, mousing and reading the monitor). Hartley et al

(1977) and Homan and Armstrong (2003)
found keying to be overestimated.

Specifically, Homan and Armstrong (2003)
found self reported estimates for keying to be
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significantly higher (p
=

0.01) than representative values obtained using work sampling.

Keying was also found to be significantly overestimated (p
=

0.033) in the current study.

According to Homan and Armstrong (2003) the amount of time spent mousing was also

significantly higher for self report. The current study did not find a significant difference

between self reported duration ofmousing time to that ofwork sampling, but mousing

was generally overestimated by 2%.

The inclusion ofnon-keying and non-mousing time into employee estimates of actual

time spent keying and mousing is an important finding. Homan and Armstrong (2003)

found that 25% ofkeying time was not spent keying but rather "statically
exerted"

or

resting on the keyboard. Similarly, it was found in the current study that 32% of time

spent interacting with the keyboard included time resting the hands on the keyboard. It

was also found that 42% of the employee's mousing estimate included time spent resting

the hand on the mouse with no activity. Finding a significant difference between keying

estimates and adjusted keying (original actual + static resting) suggests that the

employees in this study incorporated non-keying time (resting the hands on the keyboard

without activating the keys) in their estimates for the amount ofkeying performed during

the evaluation period. Such a finding may indicate employees inherently associate the

total time they spend at the keyboard in their estimates for actual keying frequency. It

was a particularly important finding in the current study because unadjusted keying was

found to have a significant level of error (p
=

0.033) but adjusted keying was not

significant (p
= 0.062).
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It is recommended that those who use self report to obtain keying duration should be

aware of the potential ambiguities associated with such estimates. Although the gross

postures are relatively similar when keying or resting the hands on the keys, there are a

number of significant differences between them. Where static loading may be a

dominant risk factor when resting the hands on the keys, similar postures are often

maintained while keying. Additionally, the act ofkeying can involve repetitive

movements and a greater number of awkward movements and postures which are not

present when resting the hands statically. Thus, when employees incorporate resting time

into their actual keying time, they are overestimating their exposure to more ergonomic

risk factors, than if resting were not included. Such a finding may have implications on

self reported measures in epidemiologic studies that attempt to quantify the exposure

levels associated with keying. This problem is further compounded by the fact that the

duration of self reported keying time has been found to be overestimated as demonstrated

in this study and others (Homan and Armstrong, 2003; Hartley et al, 1978).

Postures:

It was difficult to compare the findings associated with work postures to those ofother

studies because of the classifications ofwork postures used. There are no direct

comparisons for working postures to the level ofdetail used in this study. The current

study uses a set of
categories that fall between two large bodies of literature. Some

studies (Mortimer et al, 1999; Wiktorin et al 1996) use broad classifications like sitting or

standing or working with hands above
shoulder level but such categories were not

believed to be informative enough for target applications of the current study. Other
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studies investigated posture with muchmore detail (Keyserling, 1986; Armstrong,

Foulke, Joseph and Goldstein, 1982; Nordin, Ortengren and Andersson, 1982), focusing

on joint angles. Such categories were not feasible in this study because the experimental

set-up (single camera work sampling) could not provide the degree of accuracy needed to

perform such an assessment. The classifications used in this study were selected because

it was assumed that most of the employee's work would be performed while sitting in a

chair at their desk. Additionally, the categories represent a way to investigate the use of

support mechanisms, an area of research that appears lacking.

Hierarchy ofSpecificity and Accuracy:

Another finding that emerged from this research is the relationship between the

specificity of the self reportedmeasure and the accuracy of the employee. There appears

to be a link between the question specificity involved with self reported variables and

accuracy. Supporting the findings ofHartley et al (1977) and Klemmer and Snyder

(1972), there was a general trend in the findings that accuracy may suffer with increasing

detail (precision of the measure). Hartley et al (1977) found that workers were not as

good at indicating the amount of time spent performing an activity as they were at

identifying the tasks that they performed. Klemmer and Snyder (1972) found that self

report was more accurate for broad categories (i.e. communicating) than they were at

identifying specific tasks (talking face-to-face, telephone, reading and writing) within the

category. It appears as though the accuracy of self report was generally inversely related

to a hierarchy corresponding to the level of specificity in
the question being investigated.

49



Figure 10 depicts a relationship between question specificity and accuracy quite well. As

the detail of the question being asked increases (becomes more specific), the magnitude

of the error increases. Figure 1 1 shows that the most general questions were related to

the amount of time spent performing typical office tasks. The next level ofdetail looked

at the frequency of specific tasks and the frequency ofwork postures. The most detailed

level looked at specific types ofpostures.
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Figure 11: The model suggests a relationship between question specificity and the

accuracy of self report. As the
question being asked becomes more specific, the accuracy

of self report will decrease.

The smallest error was found in top level of the hierarchy, with the average error for all

general tasks being 1 1 %. The group of specific tasks
and general work postures had an

average error of 24 %. The final category did not have twice the
error of the middle

group, but it does contain the single
measure with the greatest level of inaccuracy overall.
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Although the average error is not twice as great for the most precise category, it was

made its own category because each of the specific tasks (straight arm mousing and

cradling the phone) had twice the error of tasks that they correspond to. Cradling the

phone had a much lower error rate than straight arm mousing, but the ratio of error

between the specific and general tasks is consistent. The relatively low error rates of

cradling the phone may correspond to the high accuracy ofphone use. Although cradling

the phone is a very specific activity related to posture, it is directly related to the accuracy

ofphone use. Using the phone was the most accurately estimated task. The error for

cradling the phone (error
=

14%) was twice as great as the error for phone use (error
=

7%). A similar relationship was found between straight arm mousing (error
=

33%) and

mousing (error
= 14%).

Application ofResults:

Correction Factors:

One of the stated objectives of this work was to recommend an effective way to

compensate for inaccuracies associated with self reported measures. Figure 5 illustrates

one method of accomplishing that goal. The mean error is accompanied by the 95%

confidence interval for estimation error of tasks and work postures. The goal in using the

confidence interval around the error is to provide a guideline for the range of errors that

may be expected when these
results are applied to other jobs with a similar task

breakdown in the field. Similarly, Table 3 can be used as a guide to help
"correct"

an

employee's perceived task and work posture frequency. The table shows the correction

factor and the 95% confidence interval for each task andwork posture studied. The
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correction factor can be thought of as a point estimate for the most likely value of an

employee's perceived task or work posture frequency. A negative sign on the corrective

factor for a task indicates that employees have tendency to overestimate the actual

frequency in which that task/work posture is performed. A positive correction factor

suggests that the task or work posture is typically underestimated. The 95% confidence

interval can help provide a certain degree of assurance that the likelihood of a given

estimate is within a known range. For example, if an employee perceives to spend 23%

of the daymousing, the corrected mousing value would be 21% (23% - 2%), with a lower

confidence limit of 9% (21% - 12%) and an upper confidence limit of29% (21% + 8%).

Similarly, an employee estimating to spend 23% of the day reading the monitor would

have a corrected value of 27% (23% + 4%), a lower confidence limit of24% (27% - 3%)

and an upper confidence limit of37% (27% + 10%).

Measure

Correction

Factor

Lower

Confidence

Bound

Upper

Confidence

Bound

Task

Away 8% 2% 14%

Keying -13% -20% -6%

Miscellaneous 11% 0% 23%

Mousing -2% -12% 8%

Multitasking -18% -34% -2%

Phone -1% -6% 5%

Reading Hard Copies 1% -7% 9%

Reading Monitor 4% -3% 10%

Writing Hard Copies -7% -15% 1%

Work

Posture

Back (Not Supported) 2% -14% 17%

Cradling Phone -9% -24% 6%

Elbows (Not Supported) -7% -25% 11%

Forearms (Not Supported) 3% -19% 26%

Straight Arm Mousing -10% -38% 19%

Wrists (Not Supported) -16% -36% 4%

Table 3: Correction factors and 95% confidence intervals for office tasks and postures

studied.
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This study evaluated self report using point estimation, which is essentially a continuous

scale. In many cases a coarser categorical scale may be used, such as a five point scale

(e.g. RULA., PATH). The accuracy of the employee's self report was driven by a

discrete and very specific estimate of the amount of time spent performing work tasks or

maintaining supported postures. If the employees were asked to indicate their estimates

using a five point anchored scale, similar to those used in standardized observational

methods, it is likely that the accuracy levels would go up. One way in which anchored

scales could be used in this work is by asking employees to indicate which single

category (0-20%, 21-40%, 41-60%, 61-80%, 81-100%) best represents the amount of

time that they spent performing a given task, rather than an absolute point estimate (e.g.

23%). Because they are not asked to provide a single point estimate, but rather a range of

estimates that compose a category, they would likely have greater accuracy. One reason

why the use of a five point anchored scale may be preferred over that of a single estimate

is related to the ambiguities ofdose-response relationship in ergonomics. At this time,

there is no way to determine the length of time required to develop anMSD or discomfort

based upon a specific exposure. For example, there is really no way to know whether

there is a significant difference between keying for 44 minutes or an hour as it relates to

the physical effect on the worker. Thus a courser scale (five point) may be warranted.

Based on the widths of the confidence intervals formed by the lower and upper 95%

confidence levels in Table 3, the accuracy of self report on a five point scale can be

investigated. In general, the width of the 95% confidence interval for each measure can

be thought of as a sliding bar that moves over a
fixed five point scale depending on the
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employee's perception. As the employee selects a category further to the right (e.g. 61-

80%), the confidence interval slides to the center of that category. All categories that are

covered by the width of the confidence interval are likely to correspond to the actual

duration. For example, the width of the 95% confidence bound on the error ofphone use

was shown to be 1 1% in Table 3. If an employee were to indicate that 0-20% of the day

was spent on the phone, one can be quite certain that the actual value is in that category

or at worst in the adjacent 21-40% category. There is little doubt that the actual value

will fall within 0-40% and will not fall in the 41-100% range. When a measure with a

larger 95% confidence interval range is selected, there is less certainty that the category

selected by the employee is the actual categorization. An example of this can be found

when cradling the phone is considered. Cradling the phone has a 95% confidence bound

width of 30%. If the same individual used in the example above were to indicate that

they spent 0-20% cradling the phone, there are now three categories in which it is likely

for the actual duration to fall. Due to the large size of the confidence range for cradling

the phone, the actual percentage could fall in the 0-20%, 21-40% or 41-60% categories

but it is unlikely that it would be in the 61-80% or 81-100% categories. As demonstrated

above, the application of this work to existing ergonomic assessment procedures can help

better understand the accuracy of employee self report.

With respect to the use of self report scales, it is important to mention that the selection of

the type of scale and level of detail depends on the particular application. The potential

for the findings of this work to be prescribed to five point fixed scales brings us once

again to findings ofHartley et al (1977) and the hierarchy of specificity and accuracy
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(Figure 11). Asking an employee to indicate a single point estimate of task/work posture

frequency is undoubtedly more specific a question than asking an employee to indicate a

range of estimates provided by the categorical bounds of a five point scale. In effect, by

using anchored categories of task and posture frequency, the accuracy would be likely to

increase without losing or distorting the relationship between dose and response and

without establishing a level of acceptance for the required level of accuracy.

Field Validity:

There is no reason to believe that the work performed within this human resources

department would be substantially different than those ofother companies, but variations

in the work performed in office environments do exist. Because such differences can be

significant, the findings presented in this work should be applied to work environments in

which tasks are distributed in a manner similar to those in the current study. For

example, a medical transcriptionist spends substantiallymore time keying than a human

resource worker from this study. Performing one task disproportionatelymore than all

others could bias an employee's ability to identify the duration of time spent performing

that or any other task in question. Specifically, the more equally distributed an

employee's work activities are, the greater the potential error will be. If an employee is

quite sure they spent 90% of the day keying, there would only be 10% of the day left to

assign to the eight other selected tasks. Provided that the original 90% estimate is

reasonably accurate, the accuracy
would surely be quite high for all other tasks as well.

In contrast, it was found in this study that keying had the
second highest level of error out

of all tasks (mean error
= 12.8%), but was performed a relatively short duration of time
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(15% of the evaluation time). Thus on average, there was 85% of the evaluation time left

to distribute between the eight other tasks, leaving significant room for error. As a result,

the findings of this work should only be applied to situations in which work tasks are

distributed in a similar manner as those found here.

Effects of Training:

Interestingly, the effect of training on perception has been demonstrated as a means of

increasing the accuracy of self reports (Marshall, 2002; Deeb, 1999). Marshall (2002),

found that subjects with no training had significantly higher average error (p = 0.001)

than those who were trained when simulating the force required to perform a series of

work tasks. Deeb (1999) had similar results for subject's ability to estimate the weights

of objects and found that after two training sessions the impact of training on accuracy

decreased. One reason that training may increase the accuracy of self report may be due

to the nature of perception. Perception is the process of organizing and interpreting

sensory information, thus allowing one to recognize meaningful objects and events.

Perception is not an independent function of the body, but rather a link that helps

integrate the peripheral (sensing) and central nervous systems (memory). Due to the

notion of selective attention, it has been suggested that one can focus attention on only a

limited aspect of all that is capable of being experienced. This may be a fundamental

source of error of self reports because issues associated with selective attention may

influence the peripheral nervous system component of perception.
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In this study employees may have been focusing their attention on the daily tasks that

theywere performing and, therefore, may not have been specifically thinking about the

amount of time they spent performing a specific task ormaintaining a specific work

posture. In other words, the subjects may have been filtering or using selective attention

to focus on sensory and motor information that was directly related to completing the

days work. Through training however, it may be possible for such an issue to be

addressed. A key component ofperceiving information is memory retrieval, which is the

central nervous system component ofperception. It seems as if this process can be made

more efficient and accurate through learning or in this case training. The goal of training

is essentially to provide a means ofproducing a relatively permanent change in an

individual's behavior due to experience. In the works ofMarshall (2002) and Peed

(1999) it was found that once a benchmark value has been learned or committed to

memory, there is an increased likelihood that it can be accurately recalled when

demanded by future events. In the office environment, training can be easily

implemented through activitymonitoring. Software programs that track keyboard and

mouse usage are readily available. Such programs would
allow office workers to train

themselves by comparing the
"actual"

keying ormousing time to their perceived time.

Although the influence of training on the accuracy of self report was not investigated in

this study, further research on the topic
does seem warranted.

Limitations:

In the current study, employees were asked to
indicate their task and work posture

frequency as a percentage of the total
observation time (ratio). As a result, it may have
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been harder for employees to estimate perceived frequency as a proportion. Homan and

Armstrong (2003) had employees indicate task duration to the nearest half hour after the

results of their pilot study suggested that such a categorization was easier for employees

to understand and accurately respond to. However, Hartley et al (1977) suggest that

responses to questions as a proportion or time estimate are both examples of ratio

classifications and therefore have the same level of accuracy.

It is conceivable that expanding the length of the work sampling or observing over

multiple days could have lead to different results. Using the results of the pilot study,

great care was taken to ensure the duration of time for each work sampling session would

produce a sufficient level of certainty (95% CI) that the subject would be in the cubicle

performing tasks during the evaluation (Appendix B). This however did not help in

calculating the number ofwork sampling sessions that were performed. It is possible that

using data from only a single day could be biased for an atypical workday. Although this

issue was anticipated and addressed by asking employees to indicate the degree to which

the work performed during the evaluation was similar to work performed during an

average workday, the accuracy of such a question inherently relies on the reliability of

self report (the basis of this thesis). The hierarchy ofquestion specificity and accuracy

(Figure 1 1) may provide some confidence in an employee's ability to accurately compare

the work performed during the valuation with that of a typical day. Comparing the

general work of one work period to another would be categorized as a broad question and

may therefore contain
enough accuracy. This specific comparison however, was not

tested in the current study.
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As mentioned throughout this work, the small sample size may be a limiting factor of the

experiment. Even though there were significant findings between the accuracy of self

reports and work sampling for some office tasks, there might have been more tasks and

work postures deemed to have significant differences with a larger sample size. Along

with summary statistics, Appendices F and G provide an overview of the actual,

perceived and error values for all tasks and work postures observed. Furthermore, a post

hoc analysis of the sample size demonstrated that the study's power varied substantially

(keying
= 0.98, back (not supported)

= 0.04). Although the low power of some of the

comparisons cannot be overlooked, there is reason to believe that the significant findings

of this study are truly significant. If such differences were detected using a level of

significance of0.05 with a small sample size, then the opportunity of finding a greater

number of significant results using more subjects seems quite likely. It may be possible

for further researchers to build upon the findings of this study utilizing a larger sample

size. In doing so, one may be able to expand upon the general understanding regarding

the feasibility ofutilizing self reported measures to study ergonomics in
the office

environment.
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Conclusion:

In conclusion, the findings of this study demonstrate self report is a relatively accurate

method for obtaining information regarding task and work posture frequency in the office

environment. This is exemplified through a lack of significant differences between the

actual and the perceived values of all the measures that were studied. The self reports for

just two out of sixteen tasks and work postures were found to differ significantly from

values obtained through work sampling. One very interesting finding of this study is that

the accuracy of self report appears to be influenced by the level of specificity of the

measure being reported on. As the level of specificity of the question increases, so too

does the error. This inevitably decreases the accuracy of the response and therefore the

reliability of self report. Lastly, based upon research outside of the office environment,

trainingmay be used to increase the accuracy of self reports. When applied to the office

environment, the use of activitymonitoring to help train workers on their
"actual"

task

frequency should be further investigated.
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Appendix A:

Task Task Description Ergonomic Risk Factors Relevant Research

Keying

Most computer users use a

keyboard as the primary input

device to transmit text to the

computer. Keying occurs

when the digits of the hand

physically depress keys on the

keyboard. Simply having
one's hands on the keyboard is

not considered keying.

Postures: Keying can place the hands, wrists and
elbows in awkward postures for prolonged durations

Repetition: The soft tissues from the hand to the

shoulder can undergo trauma from overuse associated

with the repetitive nature of keying.

Contact Stress: Interfacing the bottom of the wrist and

the forearms with a physical surface (especially a sharp
edge) can decrease circulation.

Hedge el al. 1995: Hedge and

Powers, 1995; Bergqvist el al, 1995;

Fogleman and Lewis, 2002;

Fagasanu and Kumar. 2003; Aaras et

al. 1995; Punnelt and Bergqvist.

1997; Martin etal, 1996; Karlqvist et

al, 2002: Carter and Banister, 1 994;

Grandjean. 1984; Sauteret al, 1984:

Rempel et al, 1992; Feuersten el al.

1997; Bendix and Jessen, 1986;

Fagasanu and Kumar, 2003

Mousing

The mouse is the primary

input device that is used to

interact with the computer.

Mousing occurs when the

mouse is moved by motion in

the hand and wrist or when the

digits of the hand depress the

mouse buttons. Resting the

hand on the mouse is not

considered mousing_

Postures: Mousing can place the hands, wrists, elbows

and shoulders in awkward postures for prolonged

durations.

Repetition: The soft tissues in the digits of the hands, the

wrists, elbows and shoulders can undergo trauma from

overuse associated with the repetitive movements used to

operate a mouse.

Contact Stress: Interfacing the bottom of the wrist and

the forearms with a physical surface can decrease

circulation and increase ICP.

Aaras, 1998: Keir etal. 1999:

(Johnson et al. 1 993; Karlqvist el al.

1994 ;are both from keir et al 1999)
Karlquist et al. 1996; Damann and

Kroemer. 1995; Visser et al, 2000;

Jensen et al, 2002: FogeJman and

Brogrms, 1 995; Cook and Kothiayal

199B; Hamilton. 1996; Cooper and

Straker, 1 996; Fagasanu and K^n-ar.

2003

Reading
Monitor

The computer's monitor is the

primary output device for

almost all computer systems.

Reading from the monitor

occurs when the subject is

focusing on the monitor.

Postures: Awkward and maintained postures can result

from inappropriately positioned monitors and viewing
detailed information. This can impact the back, neck and

shoulders.

Repetition: Switching between reading information from

the monitor and other tasks can cause repetitive twisting
in the neck. Additionally the eyes are forced into repeated

motions that can increase the likelihood of eyestrain.

Bauer and Wittag, 1998;

Fogleman and Lewis, 2002;

Bergqvist etal, 1995

Reading
Hard Copy
Documents

Hard copy documents are any

media in which the employee

can physically hold, alter and

view without the use of a

computer. Reading HC

documents occurs when the

subject is focusing on a hard

copy document.

Postures: Reading can place the hands, wrists, elbows

and shoulders in awkward postures for prolonged

durations in an attempt to more easily view the

information that the document contains.

Contact Stress: Placing the elbows on surfaces to hold

hard copy documents fro extended durations
can

decrease circulation.

Burgess and Neal (1989)

Writing
Hard Copy
Documents

Writing on hard copy
documents occurs in the office

environment on a daily basis.

Writing occurs when subjects

mark hard copy documents

with a writing utensil.

Postures: Writing can place the hands, wrists, elbows.

neck and back in awkward, unsupported postures. The

wrists and hands are at risk because of the forces

required to hold a writing utensil (pinch grip). The neck

and back are at risk because people often lean over and

minimize support while writing.

Repetition: The soft tissues in the digits of the hands, the

wrists, elbows and shoulders can undergo
trauma from

overuse associated with the repetitive movements used

when writing hard copy documents. Movements in the

fingers, wrist and elbow produce the greatest risk.

Contact Stress: Interfacing the hands, the bottom of the

wrists, the forearms and the elbows with a
physical

surface can decrease circulation while writing.

Schenkand Mai, 2001,

Odergren et al, 1996; Udo et

al, 2000; Hynak et al, 2001;

Johsson et al, 1 988

Telephone

Use

The telephone is the primary

device used for verbal

communication across long
distances. Telephone use

occurs when the subject dials

or uses a handset or a headset

to communicate to others.

Postures: Using the telephone can place the hands.

wrists, elbows, shoulders neck and
back in awkward

postures. The greatest concern associated with phone

use is
"cradling"

the phone because it forces the body into

awkward postures that are usually maintained for

prolonged durations. Dialing the phone can also cause

reaching and decreased
back support

Repetition: Frequently dialing the phone is the
major

repetitive risk factor associated with phone use. The

areas of the body most often affected are the
digits of the

hands, the wrists and the shoulders.

Contact Stress: Cradling the phone can increase

pressure on the soft tissues in the neck, shoulder and ear.

Cornell, 2002;

Appendix A

selected of

them in sci

i: Task Selection and Associated
Ergonomic Risk Factors. I ne table describes

fice tasks and the recognized ergonomic risk
factors that have been associated with

entific research.
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Appendix B: Calculation ofWork Sample Duration

In order to determine the percentage of time spent performing specific tasks by work

sampling the following statistical formula was used. More specifically it was used to

determine the number of observations needed providing a 95% confidence level and the

results of a pilot study.

Sp=2V(p(l-p))/N

Where S = desired relative accuracy
= 95% confidence = 5% (.05) accuracy

p
=
percentage occurrence of an activity as a percentage of the total number of

observations
=
.88

(p was determined from the results of a pilot study to be .88 (88% of all the

frames showed the employee in their cubicle)
N = total number of random observations (sample size)

Sp=2V(p(l-p))/N

Or

N=(4p(l-p))/(s2p2)

N=((4)(.88)(.12))/((.052)(.882))

N=.4224/.001936

N=218

This is means that ifwe want to use the data from the pilot study and assume a 95%

confidence level with 5% accuracy that we need to take at least 218 observations. The

length of the observation period in hours is found (by dividing 218 observations by 60

observations per hour) to be 3.63 hours or 3 hours and 39 minutes.

When using the above formula in the opposite fashion we can determine the level of

accuracy that can be expected from a five-hour evaluation period or 300 observations.

When this is done the accuracy is 4 %.
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Appendix C: Worker Survey for Task Perception

Employee Perceived Frequency of Tasks

Name: Date:

What percentage of the evaluation period did you spend doing each of the tasks below?
Percentage for Evaluation Period

Keying
rife, x

Mousing / sN*\
'
Y 1X,

V, \

Reading Information On Monitor

Reading Hard Copy Documents fi/)lV"

Writing Hard Copy Documents

Using the Phone I

Miscellaneous Office Tasks v fT~\^(

Away From Desk

Multi-tasking

fPn

What percent of the evaluation did you

perform any of the above tasks in

conjunction with any other?

On a scale from 1 -10(10 being a perfect

representation), how similar was the work

that you performed during the evaluation

period to that of your
"typical"

work day?
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Appendix D: Worker Survey for Work Posture Perception

Employee Perception of Supported Postures

Nam*: Date:

VWratpercentage of the time that youwere in yoir chair during the evaJuationwere yourback and elbows supported?

Fully Supported

(Using chair back

Of back rest)

Fully Supported F-'-

Not Supported

Not supported

S3 f:

Whatpercent of the timethatyou usedtmouse and keyboard during the evaluationwere yourwrists and forearms supported?

Supported

Supported

Not Supported

Not Supported

SpecificPosture Ralated Questions

What percent of the mousing perfomed during the evaluationwas done with your
arm

fully extended ?

What percent of your phone use during the evaluationwas spent
"cradling'

the phone?
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Appendix E: Body Part Discomfort Data Form

Please legibly print the following contact information on the lines below.

Employee Name:_ Age:_ Date: / /02

long have you worked for yourHow long have you been working in an office environment?:
_

current employer?: Have you ever been diagnosed with a Cumulative Trauma Disorder

(CTD)?: If yes, please explain:

Use this scale to rate HOW Often you

experience discomfort

0 Never

1 Rarely (a few times a month)

2 Frequently (a few times a week)

3 Almost Constantly (nearly every day)
4 Constantly (every day)

Use this scale to rate HOW Intense your

discomfort is. 10 is theworst you have ever

experienced

0 Nothing at all

0.5 Just noticeable discomfort

1

2

3

4

5

6

7

8

9

10

Very light discomfort

Light discomfort

Moderate discomfort

Somewhat uncomfortable

Uncomfortable

Very uncomfortable

Very very uncomfortable

1. Do you experience any visual discomfort when you are working at a

computer?

How Often?

Never Constant

How Intense?

Nothing Very, Very Uncomfortable

0 1 2 3 4

Tired Eyes

Pain Behind Eyes

Itchy Eyes

Watery Eyes

Blurred Vision

Double Vision

Difficult to See Far

Difficult to See Near

Headaches

0 .5 1 2 3 4 5 6 7 8 9 10

2. Do you ijxperience any postural discomfort when you work at your computer?

How Often?

Never Constant

How Inten:

Nothing Ven

se

/, very Uncomfortable

0 1 2 3 4

Neck

Shoulder

Upper Back

Lower Back

Upper Arm

Fore Arm

Elbow

Wrist

Hand

Buttocks

Thighs

Lower Legs

Feet

0 .5 1 2 3 4 5 6 7 8 9 10
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