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CHAPTER I 

INTRODUCTION 

The world of industry is moving more and more toward 

automation. Automation, fortunately, reduces physical 

labor in monitoring the production processes; indeed, it 

is not uncommon for one operator to m.onitor several 

machines. 

Fatigue is defined by numerous authors, typical of 

which is Garner (1936), who says: "Fatigue is said to be 

a physiological condition of the cells and organs which 

have undergone excessive activity with a resulting loss of 

power [p. 324]." Therefore, the long and repetitive work of 

monitoring machines can be a source of fatigue or ultimate 

posture strain. This condition may be alleviated to a 

great extent by providing the machine operator with a prop 

or a rest such as a tilt seat stool. 

The prop used to relieve posture strain can, sometimes, 

be a hazard to the operator's health if proper considera

tion is not given to the design aspects. Thus, the 

necessity of optimum design of a prop becomes apparent. 

The optimum design of a prop is, of course, dictated by 

the purpose for which it is used; similarly, it contributes 

to factors such as the conservation of the operator's 

energy, the preservation of the operator's alertness, and 



a minimum expenditure of muscular effort. These"factors, 

evidently, demand that the operator should be provided 

with the most comfortable seat for the total job that he 

must perform. Thus, comfortable seating can be a source 

of a pleasant work environment. 

Purpose and Scope 

The purpose of this research is to investigate the 

effect of the inclination of the tilt seat stool on the 

physiological cost, as well as to test the hypothesis that 

an optimum configuration of the seat exists. 

The different treatment levels chosen in the experiment 

are the seat inclinations of 0°, 30°, 40°, 50°, and 60°, in 

addition to the fully standing position v/hich is designated 

as 90° seat inclination. The 0° and the 90° levels, 

hereafter, are called the sitting position and the standing 

position respectively. 

The results from 30°, 40°, 50°, and 60° inclinations 

are compared with those from sitting (0°) and standing 

(90°) positions. 

The physiological index used is the net physiological 

cost as calculated by Karpovich (1965). The ventilation 

rate is adopted in determining the net physiological cost. 

The ventilation rate, as used in this research, is defined 

as the volume of an individual's expired pulmonary air 

expressed in liters per minute. 



Another variable of interest is the relative amount 

of force transmitted through the legs at the defined levels 

of the seat. The equipment used in measuring the forces is 

the force platform. The forces transmitted while the subject 

is seated at different levels are measured both on vertical 

and frontal axes of the force platform. The resultant force, 

the vector sum of the vertical and the frontal components, 

is calculated. Each of these components of force is tested 

for its significance. 

A correlation analysis of the ventilation rate and the 

individual force component transmitted through the feet 

is made. 

The scope of this investigation is restricted to a 

light and moderate type of work, where a single operator 

may be monitoring several machines located in reasonable 

proximity. In such cases, a tilt seat stool may be 

furnished at each work station. The tilt seat stool might 

help the subject in relieving posture strain without undue 

physiological cost. 

Review of Previous Research 

Garner (1936), in an article, "Proper Seating—An Aid 

to Industrial Efficiency," states: "Some 200 years before 

Christ, Platus described a lameness characteristic of 

tailors and Jouvenal spoke of the blear-eyed smith [p. 324]." 



These observations indicate that in man-machine systems, 

certain occupations were considered to constitute a threat 

to health, even before the time of Christ. 

One factor associated with the health problem is 

posture. Floyd and Roberts (1959) quoted the definition 

of posture according to Andry (1743), the father of ortho

pedics : 

Sitting upright he called a "good posture." Sitting 
in the position of full flexion he called a "bad 
posture," the back he called "crooked and round" and 
the posture "ungraceful" [p. 2]. 

Faulty posture was first directly associated with fatigue 

by Halfort (1848) (as cited by Garner [1936]). 

Good or bad posture is mainly governed by the design 

of the seat, which in turn can be responsible for fatigue. 

Fatigue may lead to reduction in efficiency. Therefore, 

proper design of the seat demands great attention from 

engineers and designers. 

Proper design means the design which places emphasis 

on anatomical and physiological considerations. The 

anatomical, physiological and clinical studies made recently 

on posture and movement have awakened engineers and 

designers to the importance of furniture design. 

In recent years, several investigations have been made 

on the effect of posture on the human body. The furniture 

most used in these posture studies was office chairs and 

tables. Based on the results, the investigators recommended 



certain design features as the criteria of maintaining an 

optimum posture. Such design recommendations indicate the 

conflict between one investigator and another. A typical 

example of such conflict is the disagreement of Burandt and 

Grandjean (1963) with Akerblom (1948) and Keegan (1962) 

over seat height. These studies, however, have used 

different populations of subjects. Therefore, the author 

feels that the differences due to different populations may 

be one of the causes of disagreement over the results. 

The following paragraphs comprise a brief review of 

the literature on some of the past studies on seating. 

Floyd and Roberts (1959) , from a study of the 

literature and from their own investigations, made the 

following recommendations on the various aspects of seat 

and table design: 

1. A good chair should permit changes of posture. 

Electromyographic studies made by Floyd (1951, 

1955), Lundervold (1951, 1958), Silver (1952) 

revealed that the changes in hip angles and knee 

angles could result in the cessation of activity 

in the erectores-spinae muscles of the back and 

in the leg muscles. 
I 

2. The weight of the trunk, when borne by the 

ischial tuberosities, maximizes the seat comfort. 

The tliighs, owing to the nature of soft tissues 



underneath, are anatomically and physiologically 

unfit as body supports. 

3. The height of the chair should be no higher than 

than the length of the lower leg of the shortest 

person using the chair. This seat height, resulting 

in great hip flexion and lumbar convexity in taller 

persons, however, has resulted in conflict. 

Therefore, a chair which can be adjusted in seat 

height is recommended. 

4. Seat depth should be determined by the length of 

the thighs of the shortest person using the seat, 

and similarly the seat width by the trochanteric 

width. 

5. A plain seat is preferable to a molded one from 

the consideration of weight distribution. 

6. A tie-rail placed between the front legs of the 

chair acts as an obstruction while rising from 

the seat; therefore, this feature is undesirable. 

7. Provision of an anteriorly convex backrest in the 

lumbar region, within the limits of the second 

and fifth lumbar vertebrae, allows the free 

m.ovement of the spinal column. The dimensions 

and the shape of the backrest as recommended by 

Floyd and Roberts are: (1) a seat-backrest angle 

of 105°; (2) the desirable heights for the lower 



and the upper edges of the backrest are 8 and 13 

inches respectively, and these heights aid in 

clearing off the sacral region and the shoulder 

blades; and (3) a saddle shaped backrest with a 

horizontal curvature of 16 to 18 inches. These 

features enable the free movement of the body. 

8. Table and chair heights should be such that the 

elbow is about 1 or 2 inches above the table 

surface and that the forearm is horizontal. This 

condition facilitates desk work without any 

excessive muscular activity. The space between 

the under surface of the table and the chair seat 

height should be slightly greater than the thigh 

thickness. 

Floyd and Roberts concluded that the translation of 

descriptive data into functional data is very important, 

and that this translation can be achieved only by experi

ments. 

Wachsler and Learner (1960), in a reanalysis by 

correlation and factor analysis of a study made toward a 

precise definition of seat comfort, noted some interesting 

points: (1) seats were rated, by the subjects, in the same 

relative order of comfort after only 5 minutes of sitting 

time had elapsed, as after 4 or more hours of sitting on 

the seats; (2) comfort of the back and the buttocks was the 
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primary influencing factor in comfort rating; (3) comfort 

of the neck and the shoulders played a secondary role; and 

(4) comfort of the thighs and the legs had little influence 

on overall seat comfort. 

Keegan (1962) proposed a better analysis of the 

seating problem. He was influenced primarily by the medical 

knowledge of most postural low back discomfort and pain in 

degenerated lower lumbar intervertebral discs. In view of 

this fact, Keegan emphasized the importance of lower 

lumbar support in seating. He evaluated the important 

requirements of the seat by using percentage scores. A 

score of 40% was granted for sitting on a plain surface 

and for having shoulder support. The recommendations and 

their respective percentage scores are: (1) vertically 

curved lower lumbar support—20%; (2) minimum angle of 105° 

of shoulder support—15%; (3) seat length of 16 inches— 

10%; (4) seat height of 16 inches—10%; (5) open front of 

seat—5%; (6) backward seat tilt of 5° — 3%; and (7) rounded 

front border of seat—2%. Incorporating these design 

features, Keegan also suggested improvements over 31 types 

of chairs of varying applications. 

Koskela (1962) , in a study of 300 office workers and 

their working conditions, observed that less than 50% of 

workers complained of muscular fatigue, pains and aches, 

and that 1% of absenteeism was due to muscular pain. 



Certain improvements were made on the work place layout, 

and on the chair and table design. These improvements, it 

was found, diminished muscular fatigue, pains and aches. 

Burandt and Grandjean (1963) recommended the following 

design features of a seat: (1) seat height adjustability 

in the range of 40 cm. and 53 cm.; (2) vertical adjustability 

of the backrest from seat level to lumbar support in the 

range of 14 cm. and 24 cm.; (3) adjustability of backrest 

depth from front edge of seat, between 34 cm. and 44 cm.; 

and (4) seat depth of not less than 35 cm. The seat height 

as recommended by Burandt and Grandjean was not in 

conformity with the recommendations of lower seat by 

Akerblom (1948) and Keegan (1962). Burandt and Grandjean 

strongly contended that 

the discomfort in thighs is due not so much to the 
chair seat height but to the fact that the weight of 
the trunk is shifted to the thighs owing to the type 
of occupations [p. 224], 

Their findings in regard to the design of the backrest did 

not agree with those of Akerblom (1948), Floyd and Roberts 

(1959), and Keegan (1962). However, they agree upon the 

possibility that the design of the backrest and the range 

of adjustability in the downward direction might deviate 

from the previous researches. Burandt and Grandjean also 

suggested that the back complaints due to fatigue might 

possibly be reduced by raised backrests rather than by 
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lowered ones. They concluded that this controversial 

problem over the backrest could be better appreciated 

through experimental research. 

Barkla (1964), from his study on comfort rating, 

concluded (1) that the comfort ratings made after 30-minute 

periods of sitting permitted discrimination between chairs 

which were identical except in their backrests; (2) that 

the comfort ratings made after 5-minute periods of sitting 

did not allow any discrimination, and their central tendency 

differed from those of 30-minute periods of sitting; and 

(3) that the consistency of 30-minute exposure after three 

5-minute sittings v/as not improved at all. Although his 

findings proved to be not in conformity with the results of 

Wachsler and Learner (1960), Barkla remained uncommitted, 

thinking that the results might be purely due to chance. 

Yllo (1959), during technical rationalization, made 

certain modifications in working conditions of the punch-

machine operators. The modification was on factors such as 

seat height and key-punch height. After a certain period 

following the modifications, it was noticed that operator 

efficiency was almost doubled. 

Langdon (1965) made a similar study on key-punch 

operators. An analysis of correlation of factors such as 

seat height, keyboard height, and operator's height showed 

that the results were in agreement with those of Floyd and 

Roberts (1959). 
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The researches mentioned up to this point, it may be 

seen, were mainly concerned with the anthropometric 

considerations in the design of office furniture. 

Damon (1968) , in an effort to objectively evaluate 

the amount of weight taken off the feet while sitting at 

various angles of the tilt seat stool, used a force plat

form to measure the force. The tilt seat stool, referred 

to in his study, is used by operators who otherwise would 

be required to stand all day. The angles of the seat tested 

were 10°, 22°, and 35°. The results obtained from these 

angles were compared with those of the standing position. 

The results of the study revealed an increase in weight 

transmitted through the feet as the tilt of the seat 

increased. The subjects expressed the seat tilt at 22° as 

being the most comfortable. 

A thorough investigation of the literature on seating 

revealed that the research conducted to date on industrial 

seating is not exhaustive. One branch of research on 

industrial seating which needs more attention is on the tilt 

seat stool, which has diverse applications on a shop floor. 

To the author's knowledge, the study of the effect.of the 

inclination of the tilt seat stool on physiological cost is 

without precedence and therefore deserves a detailed 

investigation. 
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In modern industry, there are occasions when a single 

operator monitors more than one machine. The machines, 

consequently, are located in reasonable proximity. In such 

circumstances, it was noted that a prop at each station is 

needed in order to relieve some pressure on the legs and to 

reduce the posture strain of the operator. However if at 

the same time, such a prop enables the operator to attain 

full relaxation, the purpose of the prop would be defeated. 

Therefore, the design of the prop should encourage the 

operator to maintain maximum efficiency and alertness. The 

design also should be versatile in nature in order to permit 

the operator to accomplish several tasks successfully. 

As a means of fulfilling the above requirements, a 

special tilt seat stool with adjustable seat inclinations 

and seat heights, and an adjustable footrest v/ere designed 

and built. The design features of the equipment are covered 

in Chapter II. 

Net physiological cost in terms of ventilation rate is 

used as the criterion of evaluation of performance. In 

addition to this a force platform is used in order to 

measure the forces transmitted through the feet. 

Chapter II discusses the equipmient, experimental task 

and procedure. Chapter III covers the selection of variables 

and experimental design. Chapter IV explains the statistical 

analysis. Finally, Chapter V reports the conclusions and 

recommendations. 



CHAPTER II 

EQUIPMENT, EXPERIMJINTAL TASK, AND PROCEDURE 

The first section of this chapter discusses the 

equipment, both special and standard. The second section 

covers the experimental task and the third section explains 

the experimental procedure. 

Equipment 

The equipment used in the experiment was classified 

into two types. They are (1) special equipment, and (2) 

standard equipment. The individual items included in 

these two types are listed as follows: 

Special Equipment 

1. Adjustable tilt seat stool 

2. Adjustable footrest 

3. Wooden platforms 

4. Measuring scales 

5. Protractor 

Standard Equipment 

1. Force platform 

2. Dynagraph recorder: Beckman Offner Type "R" 

3. Gas meter: Max Planck Institute of Work 

Physiology, Dortmund, West Germany 

4. Face mask and strap belt 

13 
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5, Container for sterilizing solution 

6, Tape recorder 

7, Stopwatch and clipboard 

The design and function of each item are discussed 

separately. 

Special Equipment 

Adjustable tilt seat stool. Figures 1 and 2 depict the 

main features of the tilt seat stool. It has an oval shaped 

seat with 14-1/2 inches as the major axis and 12 inches as 

the minor axis. The seat is approximately 1-1/2 inches in 

thickness and is made of medium-soft porous fabric. The seat 

is hinged at the front and can be adjusted in six different 

positions, namely: (1) horizontal or 0° incline, and (2) 

forward and upward tilts of 15°, 30°, 40°, 50°, and 60°. 

The seat portion of the stool was borrowed from the Main Post 

Office in Lubbock, Texas. The various inclinations of the 

seat were measured carefully. The measurements indicated 

the above angles approximately. Seat height can be adjusted 

vertically within the range of 24 and 33 inches. The lock 

screw enables the seat to be moved on the vertical axis and 

to be positioned at a predetermined height. The stool is 

mounted firmly on a platform to avoid any tipping or tripping. 

Adjustable footrest. It is hinged at the front and 

is designed in such a manner that the angle of the footrest 

can be set at any position within a range of 0° to 90°. 
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Fig. 1. View of adjustable tilt seat stool and 
measuring scales. 
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Fig. 2. Various inclinations of tilt seat, 0°, 30°, 
40°, and 60° respectively. 
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Figure 3 shows the footrest mounted on the force platform. 

The relative position of the footrest with the force plat

form remained constant throughout the experiment. 

V7ooden platforms. The minimum height that could be 

obtained from the seat was 24 inches, but a seat height of 

17 inches was necessary in some levels of the experiment. 

Consequently, a platform was built to raise the height of 

the footrest to achieve the seat height as shown in Figure 4. 

The front projection of the platform was designed to simulate 

the floor level. The height of the projection of the plat

form and the height of the front edge of the footrest when 

mounted on the force platform were maintained at the same 

level. Another platform, as illustrated in Figure 5, 

simulated the floor level while the force platform and 

footrest subassembly was placed on the floor. Its height 

was the same as that of the front edge of the footrest when 

mounted on the force platform. 

Measuring scales. Figure 1, page 15, describes the 

position of the scales. These scales were built to aid in 

adjusting the center height of the seat and the distance 

of the footrest from the vertical axis passing through the 

center line of the seat at predetermined positions. 

Protractor, The protractor mounted on a wooden frame 

was used in checking the angle of the legs of the subject 

at various levels of the experiment. 
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form. 
Fig. 3. Adjustable footrest mounted on force plat-
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Fig. 4. Subject sitting on tilt seat stool at 
40° inclination. 
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Fig. 5. Workplace layout showing tilt seat stool, 
platform on which subject stands, footrest mounted on force 
platform, and Dynagraph recorder. 
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Standard Equipment 

Force platform. The force platform is a device devel

oped in order to measure the effort involved in motion. The 

first evidence of a force platform was Lauru's "Effort 

Detector." Later an improvement was made on this design 

when Lauru joined the research team of Professor Soula. 

According to Lauru, as quoted by Greene and Morris (1958): 

The "effort detector" as developed by us makes 
use of the properties of piezo-electric quartz, which 
converts variations in pressure into proportional 
variations in an electric current. The detector 
registers in three component planes, the reactions 
caused by muscular efforts brought into play in the 
execution of a movement. These are recorded, after 
amplification, on oscillographs, and a perm.anent 
record of the oscillations is made with an eye-lens 
camera [p, 127], 

The force platform, since Lauru's development of the effort 

detector, has been used by several researchers, such as, 

Brouha (1960) at the Haskel Laboratory, Damon (1968) at 

Western Electric, and Jordan (1969) at Texas Tech University, 

In the present study the investigator, found the importance 

of using the force platform in measuring the forces trans

mitted through the lower extremities while the subject is 

sitting on the chair conforming to the experimenter's 

commands. 

Dynagraph recorder. The Beckman Offner Type "R" 

Dynagraph is equipped with a Beckman Offner Dynagraph 

Recorder Type 504D, Beckman Offner Dynagraph Preamplifiers 

Type 481B, Beckman Offner Dynagraph Amplifiers Type 482, 
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and Beckman Offner Dynagraph Reluctance-Gage Couplers. This 

instrument is a highly sensitive oscillograph that simul

taneously records signals in different modes from many 

sources. The reluctance-gage couplers were connected to 

the force platform in the experiment. The vertical and the 

frontal components of the force transmitted through the 

feet via the footrest and the force platform were recorded 

on the Dynagraph recorder by means of two ink pens. An 

overall view showing the Dynagraph recorder, the tilt seat 

stool and the force platform with the footrest is repre

sented by Figure 5, on page 20. 

Gas meter. Max Planck Institute of Work Physiology 

designed a portable light weight gas meter in order to 

determine the quantity of expired air or the total minute 

ventilation. This innovation was a great stride made from 

the earlier method of breathing into large bulky bags. The 

gas meter consists of two chambers separated by a v;all of 

leather constructed in such a way that as one chamber 

empties the other one fills. Movement of the leather dia

phragm is transferred to a crankshaft vzhich drives a counter 

indicating the volume of air passing through the meter. 

The volume of expired air is registered on the counter in 

cubic meters. The gas meter, equipped with a flexible 

pleated hose and face mask, v/as fastened to the subject. 

Figure 6 shows a view of the gas meter v/ith the hose, 

the face mask, and the strap belt. 
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Fig. 6. View of gas meter, face mask, and strap belt. 
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Face mask and strap belt. Since it was essential that 

all of the expired air flowed through the gas meter, a 

pressure tight face mask equipped with an one-way respira

tory valve was used. The face mask was held in place by 

means of a strap belt. 

Container for sterilizing solution. This container 

was used to preserve the antiseptic solution of a correct 

mixture of zephiran chloride and water. It was essential 

to sterilize the face mask before each session of the 

experiment in order to safeguard the health of the subjects. 

Tape recorder. The tape recorder replaced the metro

nome by recording the sound beats which were used in pacing 

the work task at a constant frequency. The command for the 

work task was replayed through the tape recorder. The 

experimental task is discussed in the next section. 

Stopwatch and clipboard. A decimal minute stopwatch 

and a clipboard, which are used for the purpose of time study, 

helped in monitoring the rest, work, and recovery periods 

throughout the experiment. 

Figure 5, on page 20, shows a general layout of the 

tilt seat stool, the force platform and footrest subassembly 

the platform for the purpose of standing, and the Dynagraph 

recorder. A straight line was drawn to coincide with the 

center lines of the seat, the force platform and the foot

rest. At the beginning of each session of the experiment. 
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care v/as exercised to see that' the equipment was properly 

laid out to fulfill the above condition. The systematic 

use and setup of the equipment is discussed in the procedure 

section. 

Experimental Task 

The task adopted in the experiment was designed to 

simulate the activity of the machine operator while using 

the tilt seat stool. The operator, due to the nature of the 

work, was required to sit on the stool and stand up several 

times alternately. 

At all levels of the experiment, except in the sitting 

and standing positions, the subject was required to sit on 

the stool for a period of 3 seconds. While doing so, 

certain restrictions v/ere imposed on the subject. These 

restrictions were: (1) to keep the knee angle at 180° and 

to keep the feet on the specified point of the footrest, 

maintaining the foot-tibia angle approximately at 90°; and 

(2) to sit in such a way that the ischial tuberosities fall 

within one and one-half inches on either side of the horizon

tal center line marked on the seat. These restrictions are 

discussed in the procedure section. After 3 seconds of 

sitting time, the subject was required to stand for a period 

of 3 seconds on the platform, the surface height of which 

was at the same level as that of the front tip of the 
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footrest. A sitting of 3 seconds and a subsequent standing 

of 3 seconds formed a task cycle. The task cycles were 

repeated for a period of 7 minutes. The frequency of 20 

sound beats per minute, which in turn paced the work task, 

was furnished by the tape recorder. In other words, the 

alternate beats from the tape recorder commanded either the 

sitting on the seat or the standing on the platform. 

The same task was repeated during the sitting level of 

the experim.ent. However, the postural restrictions were not 

the same as for the 30°, 40°, 50°, and 60° levels. The 

restrictions placed at this level are discussed in 

Chapter III. 

During the standing level of the experiment, the 

subject was required just to stand for a 7 minute period 

of time. 

The deviations in the nature of experimental task at 

the sitting and the standing levels were inevitable, since 

the object of the research, partially, was to compare the 

effect of the seat angles with those of the sitting and the 

standing positions. This phase of the task was designed 

solely for the purpose of measuring the net physiological 

cost. 

The second phase of the experimental task consisted of 

allowing the subject to sit for a short while, maintaining 

the defined configuration of the body. This factor 
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facilitated in measuring the force components, transmitted 

through the feet, along the vertical and frontal axes. 

Figures 4, on page 19, and Figure 7 show the seating 

half of the task cycle at the 40° seat angle level, and the 

standing half of the cycle at the sitting position respec

tively. 

Experim.ental Procedure 

Prior to the first session of the experiment, each 

subject was taken into the laboratory and given a brief 

explanation on the following items: 

1. The purpose of the experiment 

2. The design of the equipment 

3. The procedure of the experiment 

4. The period of time contribution 

The subjects were instructed neither to eat nor to smoke 

within two hours before the start of the experiment. The 

effect of food and smoke on physiological cost was explained 

to the subjects. In meeting this requirement successfully, 

the experimentation was held only during the specified hours 

(1) 10:00 a.m. to 12:00 noon, (2) 2:30 p.m. to 5:30 p.m., 

and (3) 8:00 p.m. to 11:30 p.m. In order to eliminate any 

bias due to friction between the subject and the equipment, 

it was made compulsory that all the subjects v/ould wear 

cotton pants and rubber-soled shoes. 
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Fig. 7. 
tion at 0°. 

Subject standing on platform--seat inclina-
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The equipmient, used in the experim.ent, was inspected 

to insure its proper operation prior to each session. The 

face mask was dipped in the correct solution of zephiran 

chloride, and antiseptic, for approximately 15 minutes. 

The seat height and the footrest position, according to the 

level and the subject's anthropometric dimensions, were ad

justed before the subject entered the laboratory. The 

precalculated dimensions and the measuring scales were 

helpful in achieving the proper configuration of the 

subject in a fairly short time. These dimensions enabled 

the subject to sit so that the ischial tuberosities were 

within the marked zone of the seat. The marked zone con

sisted of the area covered by 1-1/2 inches on either side 

of the major axis of the seat. The precalculated dimensions, 

also, enabled the subject to have the legs parallel to the 

seat angle and to maintain foot-tibia angle at approximately 

90°. These conditions, of course, were necessary to conform 

to the needs of the task. However, as a precaution, the 

configuaration of the subject was checked before the start 

of the experiment by having the subject seated on the stool. 

The protractor was used in checking the angle of the legs. 

Following the check for accuracy of configuration, the 

subject was allowed to rest on a comfortable chair for a 

period of 10 minutes. No conversation was permitted during 

the resting period, unless it was necessary. The subject 
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was provided with some reading material to peruse while 

resting. After the subject had rested for 10 minutes, the 

gas meter was mounted on the back of the subject. Then the 

face mask was fastened and connected to the gas meter. 

Figure 8 illustrates a view of the subject with the gas 

meter mounted on his back with the paraphernalia. The 

subject, in this condition, was allowed to rest for another 

period of 10 minutes before he was tested for the resting 

ventilation rate; then the subject was tested for a period 

of 7 minutes. This v/as achieved by recording the gas meter 

counter reading. Figure 8, at a regular interval of half a 

minute. The decimal minute stopwatch and the clipboard 

were used. 

At this stage, the subject was ready to begin the task 

and therefore was asked to stand on the platform placed in 

front of the tilt seat stool. The tape used in administering 

the task was recorded v/ith the commands in the following 

sequence: (1) "Begin the task v/hen you hear the sound start." 

(2) The sound beats at a frequency of 20 per minute for a 

period of 7 minutes, and (3) "Stop"; the command "stop" had 

replaced the last sound beat. The tape recorder was 

switched on. The subject started the task by sitting imm.edi-

ately upon hearing the sound "start." At the next beat of 

the tape recorder, the subject stood up on the platform. In 

this manner, the subject sat, stood, sat, stood, etc. until 

the sound "stop"was heard. The readings at the beginning 
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Fig. 8. Subject fastened with gas meter, face mask,and 
strap belt; experimenter recording resting ventilation rate. 
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and the end of the v/orking phase of the experiment were 

recorded in the meantime. Following the sound "stop," 

the subject was required to return to the resting chair 

for recovery purposes. The recovery ventilation rate was 

recorded at a regular interval of half a minute until the 

subject reached steady-state resting level. 

The second phase of the task required the subject to 

be seated on the tilt seat stool, maintaining the desired 

posture and obeying the experimenter's instructions. It 

was assumed that the foot-tibia angle of 90° v/as comfortable 

at the 30°, 40°, 50°, and 60° seat angle levels. Hence, it 

was necessary to alter the footrest angles correspondingly. 

The forces transmitted in the vertical and the frontal axes 

were recorded on the Dynagraph recorder. 

This completes the experimental procedure. The 

calculation of the net physiological cost, and the vector 

sum resultant of the vertical and the horizontal components 

of force, transmitted through the feet, is shown in 

Chapter III. 

The experiment was conducted in Room 2 09x\, Industrial 

Engineering Building, Texas Tech University. The room, 

located relatively in a silent area, was well-illuminated 

and was air-conditioned, a factor which kept the temperature 

relatively constant. Since it v/as assumed that the baro

metric pressure also remained fairly constant, the investi

gator found that the conversion of ventilation volume into 
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standard temperature and pressure conditions was not 

necessary. The design of the experiment and calculation 

of the readings are considered in the next chapter. 



CHAPTER III 

EXPERIMENTAL DESIGN 

This chapter includes a discussion of the variables 

selected for the study, the selection of subjects and the 

statistical design of the experiment. In addition, it 

includes the procedure for data collection. 

Selection of Variables 

The variables are classified mainly into two groups, 

namely: the independent variable and the dependent 

variables. The factors, such as the constant knee angle 

of 180° and the constant foot-tibia angle of 90° at the 

30°, 40°, 50°, 60°, and 90° (standing) seat angle levels, 

are treated as the controlled variables. 

The Independent Variable 

The only factor considered as the independent variable 

in this study, is the seat angle. The factor, seat angle, 

lias 6 levels: (1) the sitting position, which is considered 

as the 0° incline of the seat with the horizontal, (2) the 

30° seat angle from horizontal, (3) the 40° seat angle from 

horizontal, (4) the 50° seat angle from horizontal, (5) the 

60° seat angle from horizontal, and (6) the standing 

34 
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position, which is treated as 90° incline of the seat with 

horizontal. 

The selection of the levels of the independent variable 

is supported by two points. Firstly, the seat portion of 

the stool was built to hold the seat at these angles. The 

optimum angle of the tilt seat for the purpose of this 

investigation, it was felt, fell within the limitation of 

the levels chosen. Secondly, a pilot study v/as conducted 

before the main study was undertaken. The results of the 

pilot study indicated a decline in net physiological cost 

parallel to an increase in the seat angle, and a maximum 

resultant force at 40° seat angle. These results, it v/as 

seen, justified the selection of the treatment levels. 

The levels and the corresponding postures are discussed 

as follows: 

1, The sitting position 

At this level, the seat height of 16 inches, the knee 

angle of 110°, and the footrest angle of 30° v/ere maintained 

constant for all subjects. The dimensions of the lower 

extremities for different subjects dictated the horizontal 

distance of the footrest from the seat. These dimensions 

provided the subject with proper seat height and footrest 

angle. The experimental task employed at the sitting posi

tion was the same as that employed at the 30°, 40°, 50°, 

and 60° seat angle positions. 
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2, The 30°, 40°, 50°, and 60° seat angle positions 

The predetermined seat height and the horizontal 

distance of the footrest from the center of the seat, at 

these levels, allowed the subject to have a knee angle of 

180°, The angle of the footrest was changed correspondingly 

to enable the subject to hold the foot-tibia angle at 90°, 

at all these levels. 

It was assumed that the subject tended to stretch the 

legs straight whenever a support with a tilted seat was 

used during a repetitive work. Based on this assumption, 

the knee angle of 180° was chosen at the 30°, 40°, 50°, and 

60° seat angle levels. 

3. The standing position 

The subject, at this level, made no use of either the 

tilt seat stool or the footrest. Instead, the subject 

stood erect on the floor for the prescribed period of 7 

minutes. The subject was neither required to move nor to 

make any considerable movement of the body members during 

this period. 

During the second phase of the task, the footrest was 

removed and the subject was required to stand erect on the 

force platform, so that the frontal plane passing through 

the ankles coincided with the the center line of the force 

platform. While measuring the forces, the subject stood 

with the feet approximately 5 inches apart, and equidistant 

from the frontal axis of the force platform. 
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The work task for the standing position v/as selected 

in this manner, in an effort to enable the comparison 

between the^efforts required, while using the tilt seat 

stool and while standing without any support. 

Table 1 shows the independent variable and its levels. 

TABLE 1 

INDEPENDENT VARIABLE AND ITS LEVELS 

Factor 

Seat angle 

Symbol 

A 

Type of 
Factor 

F 

Levels of Factor 

1. 

2. 

3. 

4. 

5. 

6. 

0° Seat angle or sitting 

30° Seat angle 

40° Seat angle 

50° Seat angle 

60° Seat angle 

90° Seat angle or standing 

The Dependent Variables 

The net physiological cost using the ventilation rate, 

and the forces transmitted through the feet, are the two 

dependent variables used in this study. 

The net physiological cost was chosen as a dependent 

variable in order to indicate the energy needed' to perform 

the task at various angles of the tilt seat stool. The 

physiological cost is the energy expended by the body while 
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performing a physical task. Energy expended is an indirect 

form of heat production which represents the increased 

metabolism due to activity. Ricci (1967) states: 

This increased metabolic level is evidenced by an 
increased oxidation rate and measured by increased 
oxygen consumption. Thus, oxygen uptake reflects the 
thermogenetic nature of body metabolism resulting 
from an increased food intake or an increased rate 
of v7ork production [p. 166], 

Furthermore, as expressed by Grodins, a linear 

relationship exists between ventilation rate and oxygen 

consumption at steady state level. Hence, it is indicated 

that the net physiological cost is proportional to the 

ventilation rate. This factor justifies the selection of 

the ventilation rate, in this experiment, to represent the 

net physiological cost, which in turn indicates the energy 

expended in performing the activity. 

Another dependent variable, the forces transmitted 

through the feet, was chosen as a measure of the magnitude 

of the body weight that could be transmitted through the 

lower extremities at various treatment levels. The forces 

were recorded both on the vertical and on the frontal axis 

of the force platform. The resultant, the vector sum of 

the two force components, was calculated. The vertical 

component, the frontal component and the resultant of the 

two were treated separately for the significance of each. 
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Subjects 

Six subjects were selected at random from a male 

population for this experiment. All of the subjects v/ere 

volunteer students from the Department of Industrial 

Engineering, at Texas Tech University. The subjects were 

in the weight range of 153 to 213 pounds and in the age 

range of 21 to 24 years. 

Statistical Model 

This experiment was designed as a randomized complete 

block design. This design is designated by "type RB-k 

design" where k stands for the number of treatments as 

outlined by Kirk (196 8). All of the treatment levels were 

randomly assigned to each of the subjects. Data were tested 

using the analysis of variance. The model for the design 

used in the experiment is: 

X.. =ii + A. + S . + £ . . , 
ID 1 D ID 

v/here: 

X.. = a measure of the dependent variable observed 

for the i"̂ ^ treatment and j'^^ subject. 

\i = grand mean of treatment populations. 
k 

A. = effect of treatment i, where Z A. = 0 
1 i=l 1 

and k = total number of treatments. 
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n S. = effect of subject or block, where E S. = 0 
3 ' 3=1 D 

and n = total number of subjects, 

e.. = experimental error. 

The estimated mean squares and degrees of freedom for 

each of the sources are shown in Table 2. The estimated 

mean squares were used in calculating the F ratios for each 

factor. The Duncan Multiple Range Test was used to test 

the significant differences between the means of the treat

ment levels. A correlation test between each two of the 

dependent variables was made. 

TABLE 2 

EMS TABLE 

Source 

Subjects (S.) 

Treatments (A. ) 
1 

Residual 

df 

5 

5 

25 

EMS 

2 ^ 2 a + 6a e s 

2 _L ^ 2 
0 + 6a^ e A 
2 

The analysis of variance program employed in this 

experiment was QAD T ANOVA, V/I written by Charles Burdsal 
t 

of Texas Tech University. Four separate univariate 

analyses of variance were made, one for each of the depen

dent variables: (1) the net physiological cost, (2) the 
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vertical component of force, (3) the horizontal component of 

force, (3) the horizontal component of force, and (4) the 

resultant force. 

The program, BMD0 7V - Multiple Range Tests were used to 

test the significant differences between the micans of the 

treatment levels. Pearson Correlation Program, available 

at the Statistical Library, Computer Center, Texas Tech 

University, was employed in determining the correlation 

between each two of the dependent variables. All the pro

grams were run on IBM 36 0 computer. 

Data Reduction 

In order to calculate the net physiological cost, it 

was necessary to record the ventilation rate during 

resting, the total quantity of expired air during the work 

task and the recovery periods. Recovery period, in this 

instance, means the time elapsed between the end of the 

work task and the point at which the ventilation rate 

reaches that of the resting rate. Figure 9 illustrates the 

format of the data sheet used during the experiment. 

Figure 10 illustrates a hypothetical diagram indi

cating the relationship between time and ventilation. 
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Subject's Name Treatment Level 

Identification No. Date 

Gas Meter Readings 

Rest 

Time 
(min) 

Read
ing Diff 

Work 

Be
gin End 

Recovery 

Time 
(min) 

Read
ing Diff 

1 

Force 
Platform 
Readings 

Vert Hor 

Fig. 9. Sample data sheet. 
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Time 

Time. 
Fig. 10. A hypothetical figure showing Ventilation vs 

Net physiological cost is derived from the formula 

similar to that reported by Karpovich (1965), which formula 

is used by several researchers such as Noud (1964) and 

Berman (1965) of Texas Tech University. 

(Ventilation required for 
working and recovery stages) 
- (Resting ventilation/min
ute) X (time required for 
work and recovery in minutes) 

Net physiological cost/minute = 
Working period in minutes. 

The resultant, the vector sum of the vertical and 

horizontal components of force, transmitted through the 

feet, is calculated by using the formula: 

R =\/v^ + H^ 
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where: 

R = Resultant force 

V = Vertical component 

H = Horizontal component 

Chapter IV discusses the findings of the analyses of 

variance. 



CHAPTER IV 

ANALYSIS OF EXPERIMENTAL PFSULTS 

This chapter discusses the significant main effects 

found in the analyses of variance. Tables 3, 4, 5, and 6 

show the ANOVA results for the net physiological cost, the 

vertical component, the horizontal component, and the 

resultant force respectively. The significant main effects 

of treatment levels of the seat angle on each of the depen

dent variables are discussed separately. 

The Duncan Multiple Range Test was used on all the 

main effects to test the significant differences between 

the means at a = .05. The means of the treatment levels 

are arranged in an ascending order. The treatment levels 

whose means were not significantly different are underlined 

and a subset of these nonsignificantly different treatment 

levels is termed a homogeneous subset. The results of the 

correlation test are also discussed later in this chapter. 

Significant Main Effects' of Seat Angle 

It may be seen from Tables 3, 4, 5, and 6 that the 

main effects of the seat angle on the net physiological 

cost, the vertical component, the horizontal component and 

the resultant are highly significant. The trend in the 

data and the reasons for such a trend are discussed. 

45 
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TABLE 3 

SOURCE TABLE FOR NET PHYSIOLOGICAL COST 

Source 

Blocks 

Levels 

S W Groups 

Total 

df_ 

5 

5 

25 

35 

Sum of 
Squares 

163.94356 

1823.33838 

98.42126 

2085.70313 

Mean 
Square 

32.78871 

364.66748 

3.93685 

59.59151 

F 
Ratio 

8.329 

92.629 

Probability 

0.000209362 

0.000000023 

TABLE 4 

SOURCE TABLE FOR VERTICAL COMPONENT 

Source 

Blocks 

Levels 

S W Groups 

Total 

df 

5 

5 

25 

35 

Sum of 
Squares 

91.91145 

2721.8903 

322.99463 

3136.79688 

Mean 
Square 

18.38228 

544.37793 

12.91978 

89.62276 

F 
Ratio 

1.423 

42.135 

Probability 

0.249906778 

0.000000202 

TABLE 5 

SOURCE TABLE FOR HORIZONTAL COMPONENT 

Source 

Blocks 

Levels 

S W Groups 

Total 

df 

5 

5 

25 

35 

Sum of 
Squares 

800.90967 

7894.36719 

676.73608 

9372.01172 

Mean 
Square 

160.18193 

1578.87329 

27.06944 

267.77173 

F 
Ratio 

5.917 

58.327 

Probability 

0.001232221 

0.000000076 
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TABLE 6 

SOURCE TABLE FOR RESULTANT 

Source 

Blocks 

Levels 

S W Groups 

Total 

df 

5 

5 

25 

35 

Sum of 
Squares 

892.67554 

3690.88062 

585.05518 

5168.60938 

Mean 
Square 

178.53510 

738.17603 

23.40221 

147.67455 

F 
Ratio 

7.629 

31.543 

Probability 

0.000329870 

0.000000541 

Net Physiological Cost 

Figure 11 illustrates the effect of the seat angle on 

the net physiological cost. It may be observed that there 

is very little difference between the 0° (sitting) and the 

30° seat angles. The reason for this, perhaps, is that 

although differences exist in body configurations, the 

nature of the task seems to demand movements of different 

body parts requiring, the same physiological cost. 

Figure 11 depicts a downward trend between the 30° 

and the 60° seat angles. The net physiological cost 

required at the 60° seat angle position, it appears, is 

approximately 2.6 times less than that required at the 30° 

seat angle position. The drop in the net physiological 

cost from a lower seat angle to a higher seat angle, in 

the range of 30° and 60° seat angles, is due to the con

figuration of the body at higher seat angles and conse

quently, less effort is required at higher seat angles to 

perform the task. 
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Due to the nonavailability of intermediate points, the 

graph is represented by means of a straight line between the 

60° seat angle and the 90° (standing) seat angle. However, 

it may be assumed that the net physiological cost decreases 

as the seat angle increases beyond 60°, ultimately requiring 

approximately 1.25 liters/minute at the 90° (standing) seat 

angle. 

The results of the Duncan Multiple Range Test on the 

means of the net physiological cost at various seat angles 

are shown in Figure 12. The results reveal the existence of 

two homogeneous subsets: (1) the 0° (sitting) seat angle 

and the 30° seat angle, and (2) the 30° seat angle and the 

40° seat angle. These homogeneous subsets, as it was 

defined earlier, indicate that there is no significant 

difference between the 0° (sitting) and the 30° seat angles, 

and between the 30° and the 40° seat angles. 

(Standing) 
90° 60' 50' 40' 30' 

(Sitting) 
0° 

Fig, 12. Duncan Multiple Range Test on net physiolog
ical cost. 
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Vertical Component 

The significant main effect of the seat angle on the 

vertical component of force may be seen in Table 4, Figure 

13 depicts the relation betv/een the seat angle and the 

vertical component of force transmitted through the feet. 

The vertical component of force, as it was expected, tends 

to increase as the seat angle increases. The reason for 

this is that an increase in the seat angle demands a 

corresponding increase in the leg angle from horizontal, 

which body configuration in turn allows more body weight 

to be transmitted through the vertical axis of the force 

platform. 

The force transmitted through the vertical axis at the 

60° seat angle, it appears from Figure 13, is nearly three 

times that of the force at the 30° seat angle. The upward 

trend of the graph, as can be seen from Figure 13, indicates 

that an increasing linear relationship exists from the 30° 

seat angle to the 90° (standing) seat angle. At the 90° 

(standing) seat angle, or while the subject is standing 

erect, most of the body weight is transmitted through the 

vertical axis of the force platform. The vertical component 

is at its maximum at the 90° (standing) seat angle position. 

Figure 14 illustrates the results of the Duncan Multiple 

Range Test on the vertical component of force. The 0° 

(sitting) seat angle and the 30° seat angle; the 30° seat 
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angle and the 40° seat angle; and the 40° seat angle and 

the 50° seat angle form three homogeneous subsets. These 

subsets, of course, indicate that no significant difference 

exists between the levels of any particular homogeneous 

subset. The levels which form the homogeneous subsets are 

underlined in Figure 14. 

(Sitting) (Standing) 
0° 30° 40° 50° 60° 90° 

Fig. 14. Duncan Multiple Range Test on vertical 
component. 

Horizontal Component 

The highly significant effect of the seat angle on the 

horizontal component is shown in Table 5. The trend of the 

horizontal component at the different seat angles is depicted 

in Figure 15. An upward trend of the graph, from the 0° 

(sitting) seat angle to the 40° seat angle, indicates that 

the horizontal component of the force increases gradually as 

the seat angle increases up to a limit of 40°. ' The maximum 

horizontal component, according to biomechanical analysis, 

was expected to occur at the 45° seat angle position. In 

agreement with this expectation, the graph, as shown in 
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Figure 15, indicates a plateau of highest magnitude between 

the 40° seat angle and the 50° seat angle. The reason for 

such a trend in the graph may be due to the equal proximity 

of these angles from 45°. 

Figure 15 illustrates a drop in the horizontal compo

nent from the 50° seat angle position to the 90° (standing) 

seat angle position. Due to lack of intermediate points, 

the 60° seat angle position and the 90° (standing) seat 

angle position are joined by a straight line. However, a 

decrease in the horizontal component parallel to an increase 

in the seat angle beyond 50° is expected for the reason 

that the body configuration at higher seat angles allows for 

more vertical component. 

Figure 16 shows the results of the Duncan Multiple Range 

Test on the horizontal component. The levels which form 

homogeneous subsets are underlined. 

(Standing) (Sitting) 
90° 0° 60° 30° 50° 40' 

Fig. 16. Duncan Multiple Range Test on horizontal 
component. 
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Resultant Force 

The resultant force, the vector sum of the vertical 

and the horizontal components of force, appears to be 

highly influenced by the horizontal component at all levels 

of the seat angle, v/ith the exception of the 90° (standing) 

seat angle. At the 90° (standing) seat angle level, the 

resultant force is mainly dependent upon the vertical 

component. 

Figure 17 illustrates the trend of the resultant force 

at different levels. An upward trend of the resultant force 

is seen from the 0° (sitting) seat angle to the 40° seat 

angle. This result is in conformity with the findings of 

Damon (196 8). 

Although an increasing trend appears in the graph. 

Figure 17, from the 40° seat angle to the 50° seat angle, 

the difference is very small. It is apparent, from Figure 

17, that the maximum resultant force can be exerted in the 

range of the 40° and the 50° seat angles. It was expected 

however, that the maximum force would be exerted at the 

45° seat angle. 

Figure 17 shows a downward trend from the seat angle 

of 50° and upwards. The 60° seat angle level and the 90° 

(standing) seat angle level are joined by dotted line to 

indicate that this is not a true representation. This 

factor, however, is discussed later in the chapter. 
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Duncan Multiple Range Test on the resultant force 

indicates the nonexistence of the significant difference 

among the 30°, 40°, 50°, and 60° seat angles; and among 

the 30°, 60°, and the 90° (standing) seat angles. These 

results are illustrated in Fugure 18, 

(Sitting) (Standing) 
0° 90° 30° 60° 40° 50' 

Fig, 18. Duncan Multiple Range Test on resultant 
force. 

Figure 19 shows the effect of the seat inclination on 

the vertical component, the horizontal component, and the 

vector sum resultant force. As explained earlier in the 

chapter, due to the lack of points between the 60° and 

90° (standing) seat angles, these two levels are joined by 

straight lines. The trends in the vertical and the hori

zontal components, however, justify to make an assumption 

that they behave almost in a linear fashion in this region. 

Based on this assumption, a plot of the resultant force of 

the corresponding points on the vertical and the horizontal 

components between the 60° and 90° (standing) seat angles 

is made. As illustrated in Figure 19, the plot of the 

resultant force shows a concave shaped curve, which depicts 
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the low resultant force in the neighborhood of 80° seat 

angle. The low resultant force at the 80° seat angle 

indicates the least torque developed at the knee. The 

conclusion that can be made from this result is discussed 

in Chapter V, 

On all of the responses, the differences in seat 

angles between 0° and 30°, between 30° and 60°, and 

between 60° and 90° (standing) were calculated. These 

three levels of differences were tested for statistical 

significance. The results indicate that these differences 

are highly significant on all the four dependent variables: 

(1) the net physiological cost, (2) the vertical component, 

(3) the horizontal component, and (4) the resultant force. 

This factor explains that the differences in seat angles in 

the prescribed 30° intervals have highly significant effect 

on all of the dependent variables. Figure 20 illustrates 

(1) that the difference in the net physiological cost 

between the 0° and the 30° seat angles is very small and is 

negative; (2) that the difference between the 30° and the 

60° is maximum, which is approximately 2.6 times smaller 

at the 60° seat angle than at the 30° seat angle; and (3) 

that the net physiological cost required at the 90° 

(standing) seat angle is almost six times smaller than at 

the 60° seat angle. Similarly, Figure 21 depicts the 

effect of the difference in seat angle on the force 



60 

:3 

S 
\ 
(0 

o 
•H 

+ 5--

-P 
(0 
o 
u 

fd 
o 

-rH 

O 
rH 
O 

•H 
(0 
> t 

;2 

•rH 

0) 
u 
c 
CD 
U 
Q) 

Q 

- 5 - -

- 1 0 

- 1 5 - -
+ 

0°-30° 30° -60° 6 0 ° - 9 0 ° 

Between Seat Angles 
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+ 30--

+20 

+10.. 

O Vertical Component 

A Horizontal 

Q Resultant Force 

-30 

0°-30° . 30°-60° 60°-90° 

Between Seat Angles 

Fig. 21, Differences in force component based on 
changes in seat angles in 30° interval. 
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components. The maximum positive difference in the resul

tant force indicates that considerably more body weight is 

taken off at the 30° seat angle level than at the 0° 

(sitting) seat angle level. The difference in the resultant 

force between the 30° and the 60° seat angle levels is 

comparatively small and it is positive. In the same way, 

the difference between the 60° and the 90° (standing) seat 

angle levels is small but negative, from which it can be 

inferred that the body weight taken off at the 60° seat 

angle level is larger than at the 90° (standing) level. 

Correlation between Dependent Variables 

The matrix obtained by the correlation test on the 

dependent variables is given in Table 7, 

TABLE 7 

CORRELATION MATRIX 

Net Physio- Horizontal Vertical 
logical Cost Component Component 

Horizontal Component 0.395 

Vertical Component -0.811 -0.362 

Resultant Force -0.102 0.744 0.264 

Figures 11, on page 48, and 19, on page 58, show the 

relationship between each two of the dependent variables. 

The horizontal component increases with a decrease in the 
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net physiological cost up to the 40° seat angle, and 

diminishes with the decrease in the net physiological cost 

from the 40° seat angle and higher. This factor results 

in a positive correlation betv/een the horizontal component 

and the net physiological cost. 

In the case of correlation between the vertical 

component and the net physiological cost, each one behaves 

in opposition to one another causing a significant negative 

correlation. 

The combined effect of the vertical component and the 

horizontal component on the net physiological cost yields 

a small negative correlation between the resultant and the 

net physiological cost. The values of these correlations 

are represented in Table 7. 

Conclusions that can be drawn from the results 

obtained from this experiment and the recommendations for 

further research are discussed in Chapter V. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

This study evaluated the use of a tilt seat stool 

in a work situation v/here an operator is required to ser

vice several machines in a particular order. The layout 

of the machines necessitates that the operator walk from 

one machine to another. The two main dependent variables 

considered in the study were the net physiological cost 

and the forces transmitted through the feet. The latter 

consisted of the vertical component and the horizontal 

component which were combined to obtain the resultant 

force. Six male subjects were used in the experiment. 

The task employed in the experiment was presented in 

Chapter III. Four univariate analyses were run, one on 

each of the dependent variables. The results obtained 

from the ANOVAs were discussed in Chapter IV. 

This chapter presents the conclusions that can be 

made based upon the results of this study, and the 

recommendations for further research. 

Conclusions 

1. The net physiological cost of the task decreases 

significantly after the seat angle of the tilt seat stool 

increases beyond 30°, as it may be seen in Figure 11, 

64 
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2. The net physiological cost of the task drops 

from approximately 21 liters per minute at the seat angle 

of 30° to approximately 8 liters per minute at the seat 

angle of 60°. Furthermore, the net physiological cost 

drops from approximately 8 liters per minute at the seat 

angle of 60° to approximately 1 liter per minute at the 

standing level. Therefore, it is evident that the maximum 

drop in the net physiological cost appears between the seat 

angles of 30° and 60°, The differences in the net physio

logical cost between the seat angles of 30° and 60°, 

and between the seat angle of 6 0° and the standing level, 

may be seen in Figure 20 on page 60, 

3, While the net physiological cost drops as the 

seat angle increases, the vertical component of the force 

transmitted to the floor increases as the seat angle 

increases, 

4. The horizontal component of force transmitted 

to the floor increases as the seat angle increases, until 

it reaches a maximum between the seat angles of 40° and 

50°, after which it decreases with a further increase in 

the seat angle. 

5, The resultant force tends to increase, as the 

seat angle increases, up to a maximum of approximately 

42 units between the seat angles of 40° and 50° after 

which it tends to decrease with a further increase in the 
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seat angle, reaching a low value of about 29 units at 

approximately 80° seat angle, 

6. Based upon the above information, it can be 

concluded that an optimum seat configuration may exist at 

80°, at which point it appears that the low value of the 

resultant reactive force occurs between the seat angles of 

60° and 90° (standing). At the same time, the seat angle 

under consideration requires relatively low net physiolog

ical cost (approximately 3.5 liters per minute). It should 

be cautioned, however, that the 80° seat angle as selected 

here is based on the data as charted in Figure 19, on page 

58, which assumes straight line relationships in both the 

vertical and the horizontal components of force between the 

seat angles of 60° and 90°. It is obvious, however, from 

the data provided in Chapter IV, that the optimum seat angle 

may occur somewhere between the seat angles of 60° and 90°. 

This is due to the fact that at the 60° seat angle, rela

tively low net physiological cost of the task is achieved 

as evidenced in Figure 11, page 48. At the same time, the 

resultant reactive force within this range of seat angle 

seems to drop after reaching the maximum between the seat 

angles of 40° and 50°. In addition, the use of the minimum 

resultant reactive force as a criterion can be justified as 

illustrated in Figure 22, 

Figure 22 explains the presence of torque at the 

knee joint which is required in order to counterbalance the 
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Joint 

where: 

V = Vertical component 

H = Horizontal component 

R = Resultant reactive force, 

a = Seat angle or tibia angle from horizontal when 

knee-angle is 180° 

a'= Angle of resultant reactive force from horizontal 

a-a'= Angle between tibia and resultant reactive force. 

y = Leng-th between centers of knee and ankle (constant) 

X - Perpendicular distance between center of knee and 

resultant reactive force = y • Sine (a-a') 

T = Torque = R • X = R • y • Sine (a-a') 

Fig. 22. A biomechanical analysis of torque devel
oped at knee joint, while subject sitting on tilt seat 
stool. 
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torque resulting from the resultant reactive force when it 

does not pass along the line which posses through the tibia 

and the knee joint. Table 8 shows the calculation of angle 

a', the angle that the resultant reactive force makes with 

the horizontal, and the calculation of the torque present at 

the knee at all the levels of the seat angle except at the 

0° (sitting) and 90° (standing) seat angles. It may be 

observed from Table 8 that the angle a' is less than the 

corresponding angle a at these levels, which indicates the 

presence of the torque at the knee joint. Table 8 also 

indicates that the 80° seat angle has a relatively low value 

of torque. This factor supports the conclusion that the 

optimum seat configuration may exist at 80°. 

Recommendations for Further Research 

The area of research on the tilt seat stool is fertile. 

This research can be extended in several ways: 

1. As mentioned previously, the study of the tilt 

seat stool with more levels of seat angles, particularly in 

the range of 60° and 90° seat angles, would be worthwhile, 

2. Another possible extension of this research would 

be the determination of optimum angle of footrest. 

3. The subjects expressed the opinion that the 

provision of a backrest would be a source of greater comfort. 

Therefore, a study to investigate the effect of the backrest 

on the operator's comfort might prove to be highly rewarding. 
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APPENDIX A 

INDIVIDUAL SUBJECT RESPONSES ON 
DEPENDENT VARIABLES 
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O — Subject 1 

Q — Subject 2 
^— Subject 3 

0° 10° 
(Sitting) 

30° 40° 50° 60' 

Seat Angle 

70 80° 90° 
(Standing) 

Fig. 23. Effect of seat angle by subjects on net 
physiological cost. 
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O — Subject 1 

O — Subject 2 

Subject 3 

O Subject 4 

Q Subject 5 

^ Subject 6 

CP 10° 20° 30° 40° 50° 60° 70° 80° 90° 
(Sitting) (Standing) 

Seat Angle 

Fig. 24. Effect of seat angle by subjects on vertical 
component. 
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O — Subject 1 

G3— Subject 2 

^— Subject 3 

O Subject 4 

Q Subject 5 

^ Subject 6 

0° 10° 
(Sitting) 

20° 30° 40° 50° 60° 70' 

Seat Angle 

80° 90° 
(Standing) 

Fig. 25. Effect of seat angle by subjects on hori
zontal component. 
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(Sitting) 
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+ 
80° 90° 
(Standing) 

Fig. 26, Effect of seat angle by subjects on resultant 
force. 
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APPENDIX B 

DYNAGRAPH RECORDING OF FORCE COMPONENTS 
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V = Vertical component 

H = Horizontal com.ponent 

13.5 
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Fig. 27. Typical dynagraph recording of vertical and 
horizontal components of forces. 
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APPENDIX C 

SUBJECT DATA 
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TABLE 9 

TABLE OF ANTHROPOMETRIC MEASUREMENTS 

Subject 

1 

2 

3 

4 

5 

6 

Age 
(years) 

21 

21 

23 

21 

21 

24 

Weight 
(pounds) 

153 

157 

213 

155 

195 

180 

Height 
(inches) 

74 

71 

72 

72 

68.5 

75 

Ischial tubero
sity height* 

37 

35 

35.75 

34.25 

33.5 

37.25 

*Ischial tuberosity height—height from the sole of 
the foot to the center of ischial tuberosity, when subject 
standing erect. 
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APPENDIX D 

RELATION BETV7EEN SINE (SEAT ANGLE) 
AND DEPENDENT VARIABLES 
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