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Stages in the development of the classification for human motions are reviewed
from the 17th century up to the present day, with special emphasis on the discrete
events approach to the classification of human motions as advocated by the
Gilbreths. It is put forward that this approach is inappropriate both from the
psychological and the physiological view point; while at the same time it is
emphasized that, although the therblig approach contributed significantly to
the understanding of human motions and skills, nevertheless it may be more
harmful than beneficial in the long run. The additive properties of the discrete
events approach to the analysis of human motions are considered. Results of the
investigations reported here suggest that, in the performance of repetitive tasks of
the nature described here, the therblig times of the task are independent units
within a work cycle, when analysed by means of 100 cycles. Thus, the times are
additive in the mathematical sense, but when the same task is repeated only once,
or a very few times, and analysed by single cycles, the therblig times form an
integrated part of the entire work cycle and, therefore, their times are not additive
in the mathematical sense.

1. Introduction

This manuscript was originally written in June 1967 when the author was a Doctoral
Student in the Department of Engineering Production at the University of Birming-
ham, UK. It was lost among his files for 35 years and just discovered.

Classification of human motions remains an important aspect of Industrial
Engineering, where it is used to study and evaluate the methods used in the perform-
ance of a task or goal and the associated time required for its execution (Konz 2001,
Matias 2001). One method which is still widely used to measure the time required to
do a job is Pre-determined Motion Time Study (PMTS) (Matias 2001). This method
provides a pre-determined time which is required to perform each motion. This raises
the question of whether these individual times may be added together to determine
the total time required for task performance.

For ergonomists, the classification of human motions is used in the research,
development and design of effective tasks requiring the use of motor skills and
human motion analysis in judging, discriminating, detecting, guiding and measuring
human motions (Regan 1997). Classification of human motions, more specifically,
may be utilized in ergonomics in measuring object motion within a frontoparallel
plane, detection of an object’s motion depth, discriminating the object’s motion
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depth, discriminating an object’s motion in depth, judging the time to collision with
an approaching object, visually guided, goal-directed motor action (Regan 1997) and
the human motions associated with human–computer interface design in using such
simulation methods as GOAMS (Card et al. 1983).

Despite the wide utilization of human motions in ergonomics research and the
design of tools, equipment, workplaces and jobs, no studies have been conducted in
the past 35 years to scientifically derive human motion classification or to re-evaluate
the additivity of human motion times; that is the question, whether the performance
times associated with each motion may be added to form the total time required for
the task performance which constitutes the sum of the motions. This is one of the
reasons why the author decided to present this historical perspective to stimulate new
scientific research in the subject area.

With the increased recognition, in recent years, for the need of more effective
placement and better utilization of the human resources available in all sectors of
industry and business, a wider acceptance and greater use of motion and time study
with an increased demand for basic and applied research on all types of human
performance resulted. This includes investigation of visual, auditory, kinaesthetic,
tactual and somethetic processes by physiologists, psychologist, ergonomists and
medical doctors.

Thus, in recent years, a vast amount of research has been done relying on the
traditional classification of human motions or the classification of ‘motions’ utilized
by the human organs.

An exploration of the nature of these classifications, their growth, reliability,
validity, advantages and disadvantages, is the subject of this paper.

2. Early attempts to classify human motions

Perhaps one of the earliest recorded classifications of human motions (as recognized
by some psychologists) is that of reaction time experiments, initiated in 1662 by
Descantes (Doesschate 1963/64), while other psychologists (e.g. Hartson 1939) attri-
bute the first classification of movements to Beaunis (1885). However, some physiol-
ogists recognize that Lavoisier (1789) was the first to classify human motions, which
he did according to the quantity of carbon dioxide expired in the air during the
performance of a task.

One of the early contributions to this field was the invention of the ergograph by
Mosso (1890) (e.g. Woodworth 1954), which enabled the study of a few muscles
involved in performing a task—in this case the finger muscles. This was followed by
a series of studies in the US, which also deal with voluntary movements (Bryan 1892,
Woodworth 1899, 1901, Stetson 1905, and others) for the recording of which
Muybridge (1883) was the first to use photographic techniques on mammals.

However, none of the above so called ‘classifications’ of human motions had
been providing a satisfactory breakdown of work, either for the purpose of timing
the work (Taylor 1895) or for the purpose of improving the working methods
(Gilbreth 1911).

3. The discrete events approach to the classification for human motions

Gilbreth and Gilbreth (1924) devised an entirely different method for the classifica-
tion of motions, which they, and many others, believed provided a more suitable
method for the study of human performances. They divided an entire task into its
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visually and operationally defined events, elements or—as the Gilbreths called
them—therbligs.

With this new classification of motions, motion and time study engineers believed
that they had a powerful tool to optimize all human manipulative activities, for use
in method study and to provide a satisfactory method for timing the various ther-
bligs within a task. In order to facilitate the determination and provision of more
accurate timing for the latter, various pre-determined Motion Time Systems were
germinated more than 40 years ago and introduced on a large scale for practitioners
20 years later (e.g. Barnes 1959).

However, social psychologists indicated that this approach alone cannot optimize
human activities, and emphasized the importance of the human side of an enterprise
(e.g. Mayo 1946, Walker 1952, Viteles 1953, McGrego 1958).

Two years prior to the publication of the then new classification of human
motion by Gilbreth and Gilbreth (1924), Myers (1922) considered that the
‘minute’ motion study is fundamentally at fault in disregarding the psychological
law ‘that an organism is more than a sum of parts thrown together haphazardly’
(Myers 1922: 170). However, ignoring Myers warning, Seashore (1939) urged psy-
chologist to adopt this therblig approach to the conduct and analysis of psycholo-
gical experimentation, and Bartlett (1947) indicated that the timing and order of
these therbligs, rather than the overall achievement, might provide a better under-
standing of the subject’s performance. For the recording of therblig times, Welford
(1952) constructed an electronic recording unit—the SETAR; Smith (1952) the
Continuous Recorder; the M T M association at Michigan the Electronic Data
Collector (Hancock 1962) and Nadler (1961) the UNOPAR, which records
motion characters in three dimensions.

However, later Bartlett (1958: 15) concluded that ‘no single component in skilled
behaviour is a function merely of that signal which immediately starts the response
going . . .’. This statement has been detailed by Seymore (1966: 58) who stated: ‘The
perceptual activity relating to a particular motion–element may take place either
before the element has started or during its course or after it has finished’, while
Corlett (1966: ??) suggested that ‘. . . therbligs are adequate for descriptive purposes
or for time measurement of existing processes but are inadequate as a breakdown
form of predictive purposes’.

Many studies based on the analysis of human performance times by means of
discrete events yield promising results in the understanding of the human organ,
human motions and performances which otherwise, quite possibly, would not have
been achieved. However, it might be that, in the long run, this therblig approach will
hamper rather than promote the understanding of human motion.

The contribution of the discrete events approach to the analysis (but only seldom
to the understanding) of human performance includes, among others, the following:

(a) Reaction times (e.g. Leonard 1953, Woodworth 1954).
(b) Human motions (e.g. Barnes 1959, Seymore 1966).
(c) Information theory (e.g. Welford 1960, Zangwill 1962).
(d) Human organs (e.g. Hodes 1948, Dawson 1956).

4. Weaknesses of the discrete events approach

Some of the possible weaknesses of the discrete events approach to the analysis of
human motions are as follows:
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(1) The system does not distinguish between the perceptual and motor aspects of
a task, the reaction time and movement time of an element—no proper
account being taken of the time required to take in information, process it
and plan the appropriate action, or of the accuracy required at the end of the
element.

As the time required for the mental processes for each action, or element,
is not necessarily a constant value but depends also on the accuracy required
at the beginning of the next element and the complexity of the following
operation or element (Crossman 1956, Begbie 1959, El-Temamy 1966,
Salvendy 1966), the elemental time in question is not independent of the
other elements within the cycle. This point is referred to later (section 6).

(2) The division of a task into its elements and their timing is unjustifiable
physiologically (Hill 1927, Douglas 1948, Suindthe and Stier 1961, Lukin
1963), mainly when its various elements make different physiological
demands of the operator or subject because the physiological work required
to execute one element does not terminate at the end of that element, but
extends over the following element or elements.

(3) It ignores effects of environmental factors of physical, physiological, psycho-
logical and social origin.

Despite the weaknesses of the therblig approach to the analysis of human per-
formances, medical and experimental psychologists found it a useful approach to the
study of the human organ, in terms of the time required to pass a stimulus from place
A in the body to place B, from B to C, etc., during the performance of a task.
Experiments in this field have been conducted by Vince (1948), Welford (1952),
Woodworth (1954), Hodes (1948), Dawson (1956) and McCruer (1956), but no
investigation is reported in dealing with the additive properties of therbligs during
the internal analysis of the human organs. However, this point has been investigated
by some authors and by the present writer, when in connection with the analysis of
human motions.

5. Conclusions for the discrete events approach

Today, it is known that analysis of a task in terms of discrete events has very little, if
any, correspondence with the physiological and psychological activities in the human
organs and there is an urgent need to re-consider the classification of human motions
in the light of all that has been learned about it in the past 40 years. Experiments
designed to fulfil this requirement could prove most fruitful. Until that time, practi-
cing psychologist and work study engineers will probably continue to use, for con-
venience rather than for its reliability, in the sense of artifacts rather than facts, this
therblig approach, bearing in mind its possible errors and consequences.

Time study engineers have been strongly criticized because of the inadequacy and
inaccuracy of their techniques for the allocation of time standards. These, among
others, included mainly the following:

(a) Inaccuracy due to rating methods.
(b) Inaccuracy due to inappropriate compensation allowances.
(c) Inaccuracy due to statistical sampling errors.
(d) Inaccuracy due to the lack of the work being timed.
(e) Inaccuracy due to the lack of adequate standardization of the work methods

used for the task.
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(f) Inaccuracy due to the lack of knowledge of how to time, rate and provide for
compensation allowances for perceptual and stationary parts of a task.

(g) Inaccuracy due to the timing equipment.

To this list one could now possibly add:

(h) Inaccuracy due to therblig analysis.

Some of the above points also have direct relevance to experimental psychology,
and possibly, partly cater for the discrepancies between experimental results.

The writer is unable, at present, to offer a more factual (rather than artifactual)
substitute to the analysis and understanding of human performance. Thus, the object
of the author is to pinpoint the weaknesses of the therblig approach in the analysis
and understanding of human motions and to encourage research workers to derive a
more adequate substitute for the discrete events approach for the study, recording
and understanding of human performance in general. For this classification, a more
thorough study of the understanding of the internal structure and functioning of the
human being, with the combination of possible electronic recording techniques like
EMG, EEG and GSR heart beats or the like (e.g. Woodworth and Slasbert 1954,
Murrell 1966) might possible prove a fruitful field of research.

6. Additivity of therbligs: an investigation{
Two independent investigations were carried out on two standard aptitude tests; the
O’Connor Finger Dexterity Test (manual undated) (figure 1) and the Purdue Peg-
board (RH) (Manual 1948) (figure 2), and on a modified Purdue Pegboard (figure 3),
where a bottomless hole is located at a constant distance from the pick-up point for
the peg.

The investigation consisted of recording the repeated performance, in these tests
and the analysis of both the mean performance time and the detailed performance of
a single cycle.

6.1. Analysis of mean performance time
Six female industrial operators (aged 26–49, mean age 36) and six secretaries (aged
19–29, mean age 22) participated. Each subject on each test performed �500 cycles.
The four basic therbligs (reach, grasp, move and position) were electrically recorded
by SETAR to 1/100 of a second. Towards the end of the experiments, all the subjects
reached the MTM values on all the tests and for all the therbligs.

When the correlation coefficients of the regression times of each element for all
the possible combinations with the other elements in the work cycle were calculated
for either the first 100 or the last 100 cycles for each of the tests—for either the
industrial or non-industrial subjects, both groups, or for each individual sepa-
rately—no statistically significant correlation was found. From this it was concluded
that the therblig times of a cycle are independent units within their cycle; thus,
therblig times are additive in the mathematical sense.
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6.2. Analysis of single cycle times
One subject, whose performance (as reflected by quickness, accuracy and steadiness
of performance) was the most satisfactory out of the 12 subjects who participated in
the experiment (section 6.1), was filmed. This film—taken after the experiment at 64
frames per second, over 12 000 frames—represented a total of 134 complete work
cycles (15 on the O’Connor, 70 on the Purdue and 49 on the modified Purdue). The
detailed film analysis for each separate cycle indicated that the work method adopted
consciously or unconsciously by the subject on one therblig does in certain cases
affect the work method used in the other therbligs, and thus the time required to
perform them—mainly the preceding and the following ones. Thus, therblig times
within a cycle form an integrated part of that cycle and their times cannot be
considered as having the additive properties.

6.3. Discussion of results of the additivity of therblig times
Different results were obtained in the present investigation when using different
methods of analysing the same task (on one occasion using the same subject).
When the tasks were performed for only one cycle, and the internal structure of
this performance analysed, it was quite often statistically significant that the time
required to perform one therblig, in a cycle, was markedly affected by the work
methods used, which very often affected the work methods and thus the time
required to perform the other therblig, or therbligs, mainly the preceding and follow-
ing ones.

As the task was repeated and mean performance times considered, the positive
and negative errors (due to adding or subtracting individual therblig times) started to
cancel each other out and, when the performance of 100 cycles was considered as one
group in the present investigation, the error has practically cancelled each other out.
Considering 100 cycles, therefore, the elemental times were independent of each
other and their times were additive in the mathematical sense.

However, in the laboratory experiments, and even more so in the practical
industrial situation—where the therblig approach to the analysis of human perform-
ance is being used—the task is repeated numerous times. Thus, the more the task is
repeated, and the greater the number of therbligs constituting a work cycle, the less
hesitation there should be about assuming the additivity of elemental times—the
latter point has been also indicated by Sanfleber (1967).

Although it is true to say that any system which adopts the use of discrete events
for the analysis of human performance assumes as a prerequisite that a clearly
defined work method has been established, or is the subject of analysis, in practice
this can be ensured to a limited extent only. This has also been illustrated by some of
the typical industrial tasks which have been studied in this investigation; although in
a laboratory experiment the variability of the task can, in most cases, be considerably
reduced.

This finding of the additive nature of therbligs is in agreement with the findings of
Simon (1955) and that of Disney et al. (1965), from the MTM Association, and
modifies the conclusions reached by Sanfleber (1967), but is contrary to a consider-
able number of other investigations including Ghiselli and Bsowen (1948), Rubin
et al. (1952), Smith and Van Trebra (1952), Wehrkamp and Smith (1952), Raju
(1962) and Schmidtke and Stier (1961). The latter concluded with P 1% that the
individual elements of an operation may not be considered as independent with a
constant duration, but their experimental results do not necessarily reflect whether
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therblig times are additive or not, but rather indicated the relatively high improve-
ment in their group II and row one in their group I.

6.4. Conclusions on the additivity of therblig times
From the foregoing, some general conclusions regarding the additivity of elemental
times may be drawn. They are:

(1) The variability of consistency of work methods used (consciously or uncon-
sciously) in performing a task may affect the amount of ‘error’ (effects of the
influence on adjacent cycles of variations of methods in successive perform-
ances which appear if the task allows variability) occurring due to adding or
subtracting elemental times, but with the repetition of a task (when mean
times are considered) the negative and positive ‘errors’ are slowly cancelled
out by each other and the resultant ‘error’ tends to diminish.

(2) The skills involved in performing the above-investigated tasks are similar to
the many tasks performed in industrial situations whereby the four basic
therbligs are utilized. At least, in this connection, when a pre-determined
motion time system is used and the task is performed repeatedly (i.e. 100
or more cycles) the elemental times of the task may be added in the math-
ematical sense.

(3) The possible error which may occur due to adding or subtracting elemental
times within a cycle may also depend on the following:

(a) The amount of variability and consistency of the task—increased varia-
bility gives increased ‘error’ and increase in the level of noise in the
information theory concept.

(b) The amount of repetition—increased repetition gives a decrease in the
total ‘error’ and vice versa.

(c) The number of elements within a cycle—an increase in the number of
elements within a cycle increases the total ‘error’ and vice versa.

(d) The method used to analyse the performance time of repeated tasks—
analysis of performance time by means of sequential time analysis, using
the additive character of elements, might possibly yield higher ‘error’
than analysis by any other methods.
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