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FOREWORD

This report contains the results of the task analysis survey and
constitutes Data Item 0002 AC specified in Contract No. DAHCI19-
78-C-0016. The work accomplished to conduct the survey is speci-
fied in Task No. 4.1.1 of the Statement of Work, Appendix ""A'' to .
the Contract.
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I. INTRODUCTION

The technical objectives of this research effort are twofold. The first
objective is to produce a significant advance in the methods and techniques
used to analyze tasks for the development of training requirements and de-
vices for U.S, Army systems. The second objective is to validate the ef-
fectiveness of the selected methods and techniques by actually applying them
to the Infantry Fighting Vehicle (IFV) in an effort to generate training re-
quirements and training device characteristics for the crewmen who will
operate the system in tactical environments,

To achieve the first objective, the initial step is to identify the tech-
niques available and successfully used by training specialists to analyze
tasks during the development of training system requirements. To identify
these techniques, a survey of representative industrial firms and govern-
ment agencies was carried out by means of literature review and telephone
interviews with practicing analysts in the field of training.

The literature review was extendec backwards to the early fifties with
emphasis given to the most recent period when task analysis began to be
routinely used in training system development. The survey was directed
primarily towards the identification of the best available methods and tech-
niques for task analysis, training requirements identification and training
devices characteristics specification. The "best' methods are defined as
those which have been successfully applied to systems, particularly new
weapon systems, and have proven to provide sufficient information for
training system development in a cost-effective manner. Such methods
are also defined as being systematic and providing accurate and complete
information, to the extent required for training requirements analysis for
U.S. Army systems.
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II. BACKGROUND

Before discussing the survey, it is considered desirable to place task
analysis in historical perspective and to state the nature of the problems
that are being experienced by those engaged in training system develop-
ment.

e e -

A. Historical Background

Task analysis has been in existence since the turn of the century.
Taylor, for example, referred to task analysis in his work on scientific
management (65)., In the same time frame, the Gilbreths developed the
first formalized method for task analysis in their work on improving in -
dustrial efficiency (21,22). In the 1930's, industrial psychologists also
employed task analysis as a tool in studying various manufacturing pro-
cesses to improve production (67). In the 1950's, Miller and Folley de-
veloped task analysis techniques that allowed for human attributes in com-
plex task performance (48, 47, 51, 50). One technique was referred to as
the ''task-demands analysis' which took account of the demands placed on
the operator. During this same time period, others such as Dunlap and
Associates, Inc., developed new techniques that were employed in both
the design of complex systems (e.g., missiles, spacecraft and aircraft)
and the development of training and training device requirements. Among
these techniques was the Operational Sequence Diagram (OSD) which is
still being employed today to analyze complex tasks (10, 66). The work of
above mentioned researchers, greatly influenced the development of job-
oriented training which is still in vogue today and used as a basis in most
manuals dealing with training system development in both private in-
dustry and the military (e.g., TRADQOC Pamphlet 350-30, AFP 50-58 and
NAVAIR's MIL-T-29053).

B. Statement of Problems

Since 1960, the number of task analysis methods has increased to a ) 3
point where there are almost as many methods as there are analysts work-
ing in the field of training system development. Everyone appears to have
their own approach even though most generally follow the ""systems ap-
proach to training' (54). Such a proliferation of methods and techniques
has led many individuals to conclude that no single technique can be generated
which is valid under all circumstances (54, 57, 62, 12, 19, 18, 28). Unfortunate-
ly, no one as yet appears to have sorted out this multitude of techniques
and attempted to determine under what circumstances should they be ap-
plied nor has anyone attempted to identify the ""best'' methods in terms of
such factors as cost-effectiveness and quality of required information.




These problems are precisely the ones addressed in the present survey.
However, before discussing the survey, it is necessary to define the term
"task analysis' since many in the field of training cannot agree on its de-

finition (54, 15).




[Ol. DEFINITION OF TASK ANALYSIS

There is a distinction made in training research between task descrip-
tion and analysis (11, 20, 49). Normally, tasks are first described and then
they are analyzed to develop instructional objectives. A task description is
usually defined as an account of the performance of a skilled man or ex-
perienced worker and is written in achievement language. In contrast,
task analysis attempts to identify the formal properties of performance and
to classify performance in behavioral categories (20). In practice, how-
ever, a logical distinction cannot be made between task description and task
analysis (11), i.e., both activities interact with one another and cannot be
carried out independently. For this reason, task analysis should be con-
sidered a process which is carried out early in the training system develop-
ment cycle. Task analysis may then be defined operationally as the pro-
cess employed to identify, describe, analyze and verify the human functions
and tasks performed to operate, control and maintain a system. The spe-
cific techniques used to carry out each of the various activities in the pro-
cess constitute what may be referred to as the method. The techniques
therefore, are the '"tools-of-the-trade' that are used to analyze tasks.

As pointed out above, both the methods and techniques employed by the
training community vary widely, The use of a specific technique or class
of techniques appears to depend on such factors as the nature of the system,
the purpose of the analysis, the behavioral domain of the tasks and the
general type of performance under examination. For example, the ori-
entation of the analysis is usually different (e.g., tactical mission, equip-
ment and job) depending on the purpose of the analysis even though the
training program ultimately developed is job oriented. A different ori-
entation requires that different techniques be used to conduct the task
analysis process.

While a logical distinction may be made between the four activities in
the task analysis process as defined above, no clear dividing line separates
them, i.e., they interact with one another and cannot be carried out in a
sequential step-by-step fashion. Task analysis, therefore, is an iterative
process in which tasks are continuously identified, described, analyzed
and verified until the analyst believes he possesses a complete and accu-
rate "paper and pencil model' of the human functions performed in the
system, together with those task parameters (e.g., criticality, diffi-
culty level, conditions and performance standards) deemed necessary for
conducting a training priority analysis, the results of which are used as a
basis for developing a training system. What techniques are used, for
what purpose, under what circumstances and how successfully, are key
questions addressed in this survey.

-4-
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IV. SURVEY METHODS

The purpose of the survey is to identify the techniques used by train-
ing specialists in carrying out task analysis within the training develop-
ment process. Three methods were employed to conduct the survey.
Both manual and computer searches were used to identify relevant docu-
ments in the literature. Telephone interviews with practicing training
specialists presently working in the field were used to supplement the
literature reviews and to obtain some indication of the problems and
successes of the various techniques employed.

A. Computer Searches

Three computer data banks were searched back to approximately 1964
using such key words as ''task analysis,' 'job analysis,' 'personnel
training' and instructional systems.' The data banks searched, were
ERIC, PSYCH ABSTRACTS and NTIS accessed at Yale Medical Library
in New Haven, Connecticut., The ERIC data bank yielded a total of 297
citations with abstracts; PSYCH ABSTRACTS yielded 189 and NTIS, 375
making a total of 861 documents. Of these, 63 documents were judged as
being pertinent to the survey and ordered from appropriate repositories,
A total of 57 documents were received for review in either the form of
hard copy or microfische. Documents were read to identify the task
analysis techniques used, problems encountered and the systems to which

they had been applied.

B. Manual Search

Due to the limitations of data banks, the task analysis literature prior
to 1964 had to be searched manually using the library facilities at Dunlap
and Associates, Inc,, in Darien, Connecticut. This search yielded ap-
proximately 50 docurnents which were considered pertinent to the survey.
These were also reviewed and appropriate information extracted for in-
clusion in the research effort.

C. Telephone Contacts

A total of 22 individuals in the field of trairing svstem development,
were contacted durine the telephone survev., The questions asked were
concerned with the processes used in training svstem development, techniques
found useful for task analvsis, their success and the prohlems encountered

in actually applving the techniaues. Fvervone .ontacted was verv cooperat ive

and interested in the results of the survev. Most felt there was a need
for improved techniaues for analvzing tasks since trainine svstem development

manuals were considered weak in this area.




V. RESULTS OF SURVEY

The survey produced a deluge of valuable information which required
considerable effort to interpret and reduce to a form suitable for examina-
tion as well as for presentation in this report. Survey data are, there-
fore, presented in tabular form with references to the documents or per-
son contacted. These references are arranged in lists appearing in the
Appendices.

A. Task Analysis Techniques

A summary of the techniques used to carry out the task analysis pro-
cess is presented in Table I.

B. Description of Technigues and Their Uses

Table II presents a summary description of the techniques used by
various practitioners in the field. The table also indicates whether the
technique is used to develop training requirements, training devices or
both. The reader is referred to the documents in the reference list for
a more thorough description of the various techniques.

C. Application of Techniques and Their Reported Success

Table III identifies the systems to which the various task analysis tech-
niques have been applied, the system's stage of development, the focus of
the analysis (e.g., operations, maintenance and support), the purpose of
the analysis, who performed it and what success was achieved as judged
by the analyst who performed the work. In no instance did a training an-
alyst claimn he had serious problems in carrying out the task analysis pro-
cess. Unfortunately, few training systems have been validated using ob-
jective criteria which would have been a more appropriate measure of
success., In the few instances where validation has actually occurred, no
good description of the task analysis techniques actually used, appear in
documented form. For this reason, it is difficult to determine with any
degree of certitude, how successful the various techniques are in reality,
Therefore, at least for the present time, we must use the judgement of
the individuals who developed the training system and the instructors who
use it,

D. Types and Sources of Data for Task Analysis

Table IV deals primarily with the identification and verification ac-
tivities in the task analysis process. As one might suspect, the types and
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Table I, Task Analysis Techniques Used in Training System Development (continued)
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sources of information vary depending on the stage of system development
as shown in the table. Sources of information for task analysis has tra-
ditionally been one of the most difficult problems for the analyst.
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VI. DISCUSSION OF RESULTS

The results of the survey clearly indicate that many task analysis
techniques are available and successfully used to develop training system
requirements., "Successful use," however, does not mean that their appli-
cation has resulted in effective training systems, nor does it mean that T
they are efficient in terms of the time and effort expended to produce them. ‘
These criteria of success remain unknown quantities which have not been
measured in any objective manner. In those few instances where careful
comparisons have been made between traditional and proceduralized sys-
tem approaches to training, the specific techniques employed by the ana-
lyst are not adequately identified and no valid conclusions can be made
concerning their success or failure (7, 63 ). In spite of this dilemma,
however, useful information can be drawn from the results of the survey.

A, Variations of Techniques

Virtually, all practitioners contacted in the field of training system
development stated that they generally follow the instructional system de-
velopment (ISD) process, in past years referred to as the proceduralized
systems approach to training. This process is described in the multitude
of ISD manuals that have come into vogue in recent years. Almost all
practitioners have found it necessary to modify the task analysis tech-
niques appearing in these manuals to fit the specific situation at hand.
This dependency of techniques was stated quite clearly as follows:

"There is no single way of doing task analysis. It depends
on the situation--maintenance, operations, new job, up-
date of existing job, etc.....'" (PC-16)

Other factors identified as having a significant influence on the selec-
tion and use of techniques include the stage of system development (e.g.,
new emergent system vs. existing system), the behavioral domain being
examined (e.g., command functions vs. proceduralized skills) and the
number of individuals comprising the operating team. Consideration of
such factors can provide a framework for classifying techniques, evidence
of which is seen in the tables of survey results appearing above.

B. Classification of Techniques

The classification of task analysis techniques is presented in Table V,
Each cell in the table represents a different method consisting of different
techniques used for accomplishing one activity in the task analysis pro-
cess. One factor not shown in the table is the number of individuals
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who perform in the system. This factor is important since the techniques
used to describe and analyze system functions and tasks performed by a
team are usually quite different from those used for analyzing a single job.

C. Tactical Operations and New Systems

Perhaps, the most difficult analysis to perform is one dealing with the
operation of a new emergent system involving many crew members who
must work as a team in a variety of mission environments, The IFV
would fall into this category.

Such a system is difficult to deal with because there is little informa-
tion on which to base the analysis. There are usually few, if any, similar
systems to compare it with and what systems engineering information does
exist usually ignores the human functions that must be accomplished to
achieve mission objectives. Systems engineering documents adequately
describe the mission objectives and the hardware comprising the system
but do not adequately identify and describe the functions and major tasks
that crew members must perform to accomplish each phase of the mission
(61). Consequently, in many instances the training analyst must conduct
his own systemns analysis to obtain such information and to ensure no crit-
ical tasks remain unidentified during the task analysis process.

In addition, personnel information of the QQPRI type is usually not
available to the analyst even in preliminary form. Hence, the analyst
must also determine or at least confirm who will operate the system and
what functions and tasks they will perform in the system. As a conse-
quence, the training analyst's initial activity is not task or job analysis
as implied by most ISD manuals but, rather, job specification using human
factors systems analysis techniques. Whether systems analysis should
fall within the realm of the training analyst's domain or not, is another
issue that will not be addressed here. Most ISD manuals assume that
systems information on operator functions is readily available and the
analyst need only start with job or task analysis for each operator posi-
tion. Such is almost never the case when he must deal with a new emer-
gent system.

D. Task Analysis for New Emergent Systems

The general methods and techniques for conducting task analysis for
situations involving new systems and their employment are illustrated in
Table VI. The inputs and outputs of each activity in the process are also
indicated in the table. The method is a general one based on the survey
results. The specific techniques and format used by the analyst is un-
important at this point. For example, it probably makes little difference
whether a tabular or graphic technique is used to describe tasks, provided
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the description is accurate, complete, readable and permits each item to
be traced back to its origin in the mission.

E. Level of Detail

The level of detail required for task analysis is a key issue which was
mentioned by many practitioners during the telephone survey. One of the
major complaints about the documented ISD processes is that their appli-
cation results in a deluge of paperwork containing detailed information
which is largely ignored by the analyst in developing training system re-
quirements (54). This is reported to be one primary reason why so many
have found it necessary to modify the documented ISD processes. Some
have stated that 'to set out to make a complete description of performance,
on the grounds that this is bound to include the training information re-
quired is to court disaster.' (3)

Based on the results of the survey, it is quite apparent that, initially,
tasks should only be described to a level sufficient for accomplishing a
training priority analysis, Such a level is usually reached when tasks per-
formed by individual crewmen are first identified in the breakdown. This
level of detail occurs well before the '""pushbutton stage."

F. Training Priority Analysis

Once the tasks for individual operators are identified and expressed in
behavioral terms, the analyst has the opportunity to conduct a training pri-
ority analysis. He first must make realistic estimates of those factors
having a significant influence on the performance of each task. These
factors include whether the task has already been learned or not, the per-
formance standards, criticality, difficulty, frequency and environmental
constraints affecting performance. Many of these factors can be scaled
and mathematically combined to obtain a priority index for each task
(23 ). Tasks having a high priority are considered candidates for further
analysis and possible inclusion in the training program. Such tasks are
sometimes referred to as the '"training tasks.!'" Only those tasks having
high priorities are then further described in greater detail and the rest
ignored for the remainder of the analysis.

Training priority analysis, of course, may be carried out one or
more times during subsequent stages of the task analysis process as a
means of identifying task elements requiring special treatment or empha-
sis in the training program. Those high priority training tasks identified
as involving a high level of coordinated crew interaction, for example,
may require detailed description and analysis for the development of team
training requirements. The analyst, of course, needs to be aware of such
techniques and know when and how to apply them. The level of detail,
therefore, is dictated by the results of the training priority analysis which
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is carried out as early as possible in the process. In this way, no a priori
decision on detail need be made and the effort spent on analyzing unim-
portant tasks reduced to an absolute minimum.

G. Characteristics of a Good Task Analysis

It is not the purpose of this initial effort and report to recornmend
specific methods or techniques for the conduct of the task analysis pro-
cess. However, the survey did yield some suggestions which should be
mentioned and considered in making specific recommendations. Such rec-
ommmendations will be the subject of the next technical report on this re-
search effort. Many characteristics of a good task analysis were briefly
mentioned above. Based on the survey, the following characteristics
were mentioned quite often.

l. The analysis should be mission oriented, otherwise
critical tasks may remain unidentified and not included
in the training program.

2. Decision rules for identifying training tasks should be
applied early in the process to eliminate the need for
describing all tasks in great detail.

3. Al tasks, their parameters and decisions regarding
training priority should be traceable back to the
mission and its environments.

4. All data must be presented in a form that can be easily
read and understood for review and verification.

5. Sources of data employed in the analysis should be
identified.

6. All data and decisions should be verified and approved
at major milestones in the process.

7. Procedures should be systematic and easily followed
by an inexperienced training analyst.

8. Assumptions made, particularly during the initial system
analytic phase, should be stated and approved prior to
their use.

9. Tasks should be expressed in behavioral terms,




10, Training priority analysis should only be carried out by
an experienced and skilled analyst who is thoroughly
familiar with the system.

11, Alternative techniques should be made available for
performing detailed analyses of critical training tasks
such as those involving a high degree of crew interaction.

S

12, Specifications should be written and imposed on system
contractors to ensure task data are available in a timely
fashion for the task analysis effort (16).

This last suggestion might be considered as having little or nothing to | ‘.
do with task analysis itself. However, experience has shown that the :
training analyst too often spends an inordinate amount of time identifying
and formatting task descriptions using guesswork and assumptions which ;
he knows already exist in the contractor's files. Such information is used {
by the contractor's hurman factors engineers to design system equipment.
If it were mandatory that such information be provided to the PMO in a
specific format as a contractual data item input, the training analyst's 2
job could be greatly reduced and duplication of effort minimized. As a )
consequence, the analyst could spend more of his time on actual develop- o
ment of the training system which is certainly better utilization of his
special talents.




———

VI, SUMMARY AND CONCLUSIONS

The results of the survey indicate that there are numerous task anal-
ysis methods and techniques available and used successfully to develop
training system requirements. Their employment depends quite heavily
on the situation and the focus of the analysis., Nevertheless, given a
single situation, no agreement exists on exactly which methods and tech-
niques to use; although most will agree that a systems approach to training
is warranted and that the resultant training system should be job oriented.

Most practitioners in the field have found it necessary to modify the
task analysis procedures appearing in the numerous manuals on instruc-
tional system development. These modifications were reported as nec-
essary to meet their specific needs and to reduce the deluge of paperwork
that application of ISD procedures produce when carried out faithfully. In
spite of this dilemma, there does appear to be a generalized method for
analyzing crew functions performed in new emergent systems operating in
tactical environments, Such a system is difficult for the analyst to deal
with and one which characterizes the IFV., Recommendations regarding
the specific techniques comprising this method will be the subject of sub-
sequent efforts under this contract. These recommendations will be de-
veloped in view of the suggestions made by practitioners contacted during
the survey and uncovered during the literature search,
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