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PREFACE 

The AIR Taxonomy Project was initia ed as a basic research effort 

in September 1967, under a contract with the Advanced Research Projects 

Agency, in response to long-range and pervasive problems in a variety of 

research and applied areas. The effort to develop ways of describing 

and classifying tasks which would improve predictions about factors af- 

fecting human performance in such tasks represents one of the few 

attempts to find ways to bridge the gap between research on human per- 

formance and the applications of this research to the real world of 

personnel and human factors decisions. 

The present report is one of a series which resulted from work 

undertaken during the first three years of project activity.  In 1970, 

monitorship of the project was transferred from the Air Force Office of 

Scientific Research (AFOSR) to the U. S. Army Behavior and Systems 

Research Laboratory (BESRL), under a new contract. This report, com- 

pleted under the new contract, is among several describing the previous 

developmental work. It is also being distributed separately as a BESRL 

Research Study. 

st^Ü. &**>&—- 
EDWIN A. FLEISHMAN 
Senior Vice President and 
Director, Washington Office 
American Institutes for Research 



FOREWORD 

The American Institutes for Research is engaged in a research 

program to develop and evaluate new systems for describing and classify- 

ing tasks which can improve generalization of research results about 

human performance and to develop a common language for researcher- 

decision maker communication that would help organize human performance 

information for maximum use in training, equipment design, and personnel 

selection. 

The objective of this program is to develop theoretically-based 

language systems (taxonomies) which—when merged with appropriate sets 

of decision logic and appropriate sets of quantitative data--can be used 

to make improved predictions about human performance. Such taxonomies 

should be useful, for example, when future management information and 

decision systems are designed for Army use. 

The present publication reports on an effort to evaluate the useful- 

ness of a system for improving the extent to which research findings 

about task performance can be generalized. A "criterion measure" clas- 

sification system was applied to existing data concerned with selected 

training and environmental variables. It was shown that for certain 

variables and certain task conditions the categorization system was effec- 

tive in predicting human performance across a variety of tasks. Implica- 

tions for developing a data base are described. 

I, Director UHLANER, 
S. Army Behavior and Systems 

Research Laboratory 



DEVELOPMENT OF A TAXONOMY OF HUMAN PERFORMANCE: EVALUATION OF A TASK 
CLASSIFICATION SYSTEM FOR GENERALIZING RESEARCH FINDINGS FROM A DATA BASE 

BRIEF 

Requirement: 

The development and evaluation of systems for describing and classify- 

ing tasks which can improve generalization of research results about human 

performance is essential for organizing, communicating, and implementing 

these research findings. The present research was undertaken to assess the 

feasibility of constructing a data base founded on a "criterion measure" 

task classification system, which could improve generalizations of research 

results about human performance. 

Procedure: 

The purpose of the present report is to present some early findings in 

applying one task classification system to a portion of the existing liter- 

ature on learning and environmental effects. The two learning variables 

investigated were "optimum distribution of practice," and "knowledge of 

results"; the environmental factor investigated was "the sffects of differ- 

ent noise intensities." 

Segments of the literature on human performance were collected and 

evaluated for their adequacy as data sources. A particular task classi- 

fication system was then applied and the data within each class collated 

and expressed in terms of the functional relationships identified. To the 

degree that these steps can be taken, the feasibility of a human performance 

data base may be said to be established for the literature used and the 

classification system employed, and encouragement provided for more exten- 

sive and more complex efforts. 

The task classification system used was that provided by the approach 

of Teichner and Olson (1969) to the establishment of functional relation- 

ships between task variables and dependent measures of performance. In 

the present project, this approach has been called the "Criterion Measure" 

approach to task classification. In general. Teichner and Olson (1969) 

defined classes of task performance by dependent measures. For example, 



one class of performance, called switching, was defined by measures indi- 

cating the latency of the operator's response; another, called coding, 

was defined by the percent of correct responses made by the operator in 

task performance. 

The approach used was ideally suited to the present purpose since it 

provided a small set of operationally-defined task classes, it required 

a minimum of qualifications in order to classify the tasks used in the liter- 

ature, and because the approach was designed for expression in terms of 

relationships between variables known to have received considerable study. 

The literature läse to which the classification system was applied 

consisted of three sets of experimental reports from the scientific liter- 

ature included in the human performance data base developed in the project. 

In each case it was necessary to evaluate the paper for (a) sufficient 

precision of description of tasks and procedures, and (b) experimental 

adequacy.  If the paper was found adequate on these counts, it was classi- 

fied into the "Criterion Measure" categories. 

Findings: 

Of those literatures sampled, two ("knowledge of results" and "effects 

of noise") did not appear to contain enough studies of a reliability suf- 

ficient for the purposes to which a data base might be put. This conclusion 

is quite independent of the task classification system. The only one of 

the three literatures which does appear to be useful, after evaluation of 

individual Studie , is that concerned with massed and distributed practice. 

The task classification system was applicable to the studies surveyed 

regardless of area. The system appeared to be a feasible one. This is a 

general conclusion based upon ease of application. With the system it was 

possible to organize the literature on distributed practice in terms of: 

(a) functional relationships and (b) different functions for different task 

categories.  In fact, some hitherto unreported relationships were strongly 

suggested.  It is important to note that these "principles" are general to 

operationally-defined task categories where each category contains a variety 

of different tasks. 



Utilization of Findings: 

Both the method and the distributed practice literature are useful 

for data base purposes. Other segments of the human performance literature 

are probably also useful and amenable to this classification method. 

How far its utility will go remains to be determined empirically. On the 

other hand, other classification systems can now be applied to the dis- 

tributed practice literature and can now be evaluated against this one. 

It is possible that other systems will not survive the test of application, 

or they might be even more successful, or they might serve to reveal still 

other kinds of relationships. Regardless, important results of the pre- 

sent study are (a) the identification of a usable literature, (b) the 

reduction of its studies to those that are reasonably acceptable on scien- 

tific grounds, and (c) the identification of principles of learning re- 

lating practice schedules and performance change for a variety of human 

tasks. 
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DEVELOPMENT OF A TAXONOMY OF HUMAN PERFORMANCE: EVALUATION OF A TASK 
CLASSIFICATION SYSTEM FOR GENERALIZING RESEARCH FINDINGS FROM A DATA BASE 

INTRODUCTION 

For many years, the effects of training and environmental conditions 

on human performance have been studied with a great variety of tasks. Vast 

quantities of data have been accumulated. Yet, as we have pointed out else- 

where (e.g., Fleishman, 1967), when new systems are conceived for defense, 

exploration of space, etc., it appears very difficult to apply the accumu- 

mulated data and experience of the past. The problems of skill identifica- 

tion training, and performance for the new tasks must frequently be restudied. 

The problem is not only one of generalizing principles from one oper- 

ational system to another.  It also involves the generalization of findings 

from laboratory tasks to operational tasks. It is difficult to inte- 

grate results from several laboratory studies investigating the same learn- 

ing and environmental factors due to differences in the tasks involved in 

these studies. Tasks selected in laboratory research are not often based 

on any clear rationale about the class of task or skill represented. One 

reason why much of current research on learning in the experimental labora- 

tory is difficult to apply to real-life training situations is the absence 

of information on the relevant common task dimensions. This is also true, 

of course, for laboratory studies of the effects of environmental factors, 

drugs,and other variables. What is needed is a learning and performance 

theory which ascribes task dimensions a central role (Fleishman, 1967). 

The current project has as one objective the development and evaluation 

of descriptive systems which could improve generalizations of research re- 

sults about human performance. It is hoped that a common task descriptive 

language could be developed which would (a) help integrate much of the 

human performance information in the current literature, and (b) allow 

better communication between researchers and individuals who need to apply 

resenrch to applied problems. The assumption is that the world of human 

tasks is not impossibly diverse and that common task dimensions can be 

identified which will allow improved predictions of human performance on 

these tasks. 



Earlier reviews (Fleishiaan, 1967; Wheaton, 1968; Farina, 1969) have 

indicated a variety of task descriptive systems varying from the highly 

detailed and specific task descriptions of the job and system to 

the general categories frequently seen in the experimental literature 

(e.g., motor vs. cognitive skills). It was concluded that such highly 

specific or highly general categories are not likely to be useful in gener- 

alizing principles across tasks. Also, it was found that no empirical evalu- 

ations had actually been made of the extent to which various descriptive 

systems have been useful in improving predictions and generalizations about 

factors affecting human performance. 

The present project has proceeded along several lines. First, a number 

of taxonomic systems are under development, based on some rationale about 

common factors in task performance. Examples are the "ability requirements 

approach" (Fleishman, 1967; Theologus, Romashko, and Fleishman, 1970; 

Theologus and Fleishman, 1971), the "task characteristics approach" (Farina 

and Wheaton, 1971), the "information-theoretic approach" (Levine and Teichner, 

1971), and the "task strategies approach" (Miller, 1971). 

A second line of work has Leen the development of evaluative systems for 

testing the reliability and utility of these approaches. For example, 

observer ratings using scales based on abilities have had some success in 

predicting empirical factor loadings as well as in predicting performance 

levels on tasks in various categories (Theologus and Fleishman, 1971). In 

addition, the task characteristic approach has had some success in predicting 

performance levels on a variety of tasks (Farina and Wheaton, 1971). 

A third line of work has involved the development of a human performance 

data base for evaluating the effect of provisional taxonomic systems in inte- 

grating the experimental literature. The basic notion here is that a taxo- 

nomic system should be translatable into an indexing system which allows 

entry into the available literature in such a way that the tasks used in a 

large variety of studies can be classified (Chambers, 1969; Korotkin and 

Chambers, 1969). The data with respect to these task categories can then 

be examined for consistencies between and within classes. Do alternate 

systems improve the kinds of generalizations that can be made about the per- 

formance effects of certain variables of interest? If such systems could 

be developed, especially if they are made computer compatible, there would 

be important implications for retrieving principles of human performance 

applicable to currer* and future tasks. 



OBJECTIVES 

The purpose of the present report is to present some early findings 

in applying one task classification system to a portion of the existing 

literature on learning and environmental effects contained in our human 

performance data base. The two learning variables investigated were 

"optimum distribution of practice," and "knowledge of results"; the envir- 

onmental factor investigated was "the effects of different noise intensities", 

As implied earlier, the success of computer technology in the organi- 

zation of data for use in complex management systems suggests application 

to the use of the enormous available store of scientific information con- 

cerning human performance. If those data were available in appropriately 

coded form, the data base so formed might serve as a primary source of man- 

agement decisions concerning personnel selection, training, and equipment 

design. Such a data base might also provide a means for the discovery of 

previously unknown relationships fundamental to those decisions since, 

once available, the data could be collated in novel ways and entered into 

complex mathematical models. 

Whether or not such a system is feasible depends upon:  (a) the rele- 

vance of the literature for the purposes indicated, (b) the amenability of 

the literature to quantification of its data, (c) the consistency of the 

results reported, and (d) the utility of the system used for classifying 

or coding the data for entry into decision-making systems. The present 

study was a joint test of all of these aspects of feasibility. 

Segments of the literature on human performance were collected and 

evaluated for their adequacy as data sources. A particular task classi- 

fication system was then applied and the data within each class collated 

and expressed in terms of functional relationships identified. To the 

degree that these steps can be taken, the feasibility of a human perfor- 

mance data base may be said to be established for the literature used and 

the classification system employed, and encouragement provided for more 

extensive and more complex efforts. 



METHOD 

Selection of the Task Classification Svstem 
  ■  

Many of the problems and possibilities for a taxonomy of human per- 

formance have been reviewed and evaluated in earlier project reports.  In 

the present study our primary concern was not directed to the ultimate 

value of any particular classification system, but rather to the selection 

of that one of a variety of possibilities which might provide the greatest 

ease of application to the research literature. Such a system appeared 

to have been provided by ehe  approach of Tt-ichner and Olson (1969) to the 

establishment of functional relationships between task variables and depend- 

ent measures of performance.  In the present project, this approach has 

been called the "Criterion Measure" approach to task classification. 

In general. Teichner and Olson (1969) defined classes of task per- 

formance by dependent measures. For example, one class of performance, 

called switching, was defined by measures indicating the latency of the 

operator's response; another, called coding, was defined by the percent of 

correct responses made by the operator in task performance.  In each case, 

a small number of tentative subclassifications were defined by differences 

in operational conditions. It was assumed that further subclassifications 

would develop empirically as the result of attempts to collate the results 

of studies into a ;ingle class, i.e., those studies within a class which 

could be expressed by the same relationships would be defined as the same 

in kind; those that required different relationships would be defined as 

a different subclass. 

The approach used by Teichner and Olson was ideally suited to the 

present purpose since it provided a small set of operationally-defined 

task classes, it required a minimum of qualifications in order to classify 

the tasks used in the literature, and because the approach was designed 

for expression in terms of relationships between variables known to have 

received considerable study.  In the present study, the tasks in the liter- 

ature selected for study were classified according to the "Criterion Measure" 

classification system described by Teichner and Olson (1969). 

Specifically, each study reviewed was classified into one or the 

other of the following four of their six primary categories: 



"Searching; 

"Switching:" 

"Coding:" 

"Tracking:" 

The exposure of a sensor to positionally different 
signal sources or to one source at different times. 
Searching is receptor orienting or signal seeking. 
It may be simple orienting as when the ears are 
positioned to enhance reception of a novel stimulus, 
or successive orienting, also called scanning. Exam- 
ples are monitoring, reconnaissance, target seeking. 
The descriptive measure that will be employed is the 
probability of detection. 

A discrete action which changes the state of the 
next component in a system. Examples are turning 
anything on or off, go or no-go, or, in general, 
making a discrete, selective action involving cate- 
gorical choices. In a system sense, switching 
should be described as the time between the initia- 
tion of the signal and the completion of the switch- 
ing response. However, this time will depend criti- 
cally on the characteristics of the switch that is 
used. Thus, movement time will be longer the longer 
the required switch movement, the greater the re- 
quired torque, etc. Since these factors cannot be 
anticipated, they must be estimated from specific 
analysis of the system of interest. Aside from 
these factors, switching responses vary in the time 
from the initiation of the signal to the initiation 
of the response, that is, in reaction time. There- 
fore, the reaction time or latency is the descriptive 
measure that will be used to describe switching. 

The naming or identifying of a detected signal. 
Simple coding involves the attachment of a name to 
characteristics of a stimulus such as color, pitch, 
direction of movement, position, etc. Group coding 
refers to the grouping of stimulus characteristics 
into a single classification such as silverware for 
knives, spoons, and forks, or "John" for a person, 
or "attack" for a battle procedure, etc. Success- 
ive coding implies a syntax or set of rules which 
is used to relate or transform names or codes. 
Examples are translating language and computing. 
The descriptive measure to be used is the percent 
of correctly coded responses or equivalent, such as 
the percent of error. 

Alignment of a response with a changing input. Track- 
ing may be pursuit or compensatory as conventionally 
used. Examples of tracking are steering, aiming, 
walking, tuning. The measure to be used will be the 
percentage decrement in time on target. The use of 
a relative measure is dictated by the fact, as with 
switching, that actual time on target will depend on 
target width, etc., and, therefore, must be deter- 
mined uniquely." 



The "Criterion yeasure" approach can be «sid to be useful if it can be 

applied to previously unclassified sets of data representing the work of 

different laboratories and if, in so doing, it is possible to show that 

data falling into the same classification depend upon the same independent 

variables. To use the different studies in the literature for this purpose, 

it is necessary to assume that non-systematic differences between studies 

at common levels of an independent variable are random error. With this 

assumption one may average across studies in an attempt to find a systematic 

relationship between averaged dependent measures and the levels of the inde- 

pendent variable at which the averages fall. That is, relationships should 

be revealed as a result of these procedures if the following conditions 

hold: 

1. The independent variable has a systematic effect. 

2. The independent variable can be or is dimensionalizcd on a quan- 

titative scale having at least rank order properties. 

3. The descriptions of the independent and dependent variables are 

precise enough for inter-study comparisons. 

4. The test or experimental procedures are an adequate basis for 

drawing conclusions from the results. 

Even if none of the above conditions held except the third one, the 

application of a useful classification system to a set of performance re- 

sults would provide important information.  If a sufficient number of 

studies were available for use, and if they extended over a reasonable 

range of the independent variable, classification would indicate whether 

the variable has a systematic effect and, possibly, its nature.  If no func- 

tional relationship could be determined, it would provide an organization of 

the data with which one could determine where the weight of evidence falls. 

At the ver/ least, if the range of the studies were very liiuited, it would 

indicate this and point to where more testing or research is needed. 

The Literature Base 

The literature base to which the classification system was applied 

consisted of three sets of experimental reports from the scientific litera- 

ture included in the human performance data base developed in the project: 



1. Eighty-seven studies of the effects of massed and distributed 

practice carried out between 1914 and 1968 inclusive. 

2. One Hundred forty-eight studies of the effects of knowledge of 

results carried out between 1938 and 1968 inclusive. 

3. Seventy studies of the effects of acoustic noise carried out 

between 1929 and 1968 inclusive. 

In each case it was necessary to evaluate the paper for (a) suffi- 

cient precision of description of tasks and procedures, and (b) experimental 

adequacy. If the paper was found adequate on these counts, it was classi- 

fied into the "Criterion Measure" categories. Sensory studies and studies 

involving complex tasks, i.e., those that were combinations of classes were 

not used. Finally, because the experimental conditions varied widely among 

studies with respect to other factors, no study was accepted unless it 

provided a controller comparison. With a control group available, it was 

possible to make decisions about the effect of the experimental conditions 

that were used. 

This "quality filter" phase of the study cannot be over-emphasized. 

One approach would have been to index all studies, as is the case in many 

current bibliographic and "human engineering" data files. However, it 

became readily apparent that quality control of studies was essential to afford 

any meaningful test of our taxonomic system. The details of each effort, with 

different parts of this data base, follow. 



RESULTS 

Application of the Taxonomy to Massed Versus Distributed Practice 

Of the eighty-seven studies available on massed versus distributed 

practice, thirty-five were eliminated for one or the other reason given 

above. The remaining fifty-two were classified according to "Cri- 

terion Measure" system applied to the tasks utilized in these studies. 

Since the studies varied widely in the amount of practice given, 

and in the number of data points on learning curves made available, single 

measures were developed from each as a data reduction step. Specifically, 

the arithmetic mean was calculated for the last four trials of each com- 

parison condition regardless of the number of trials employed. All further 

discussion, except where noted otherwise, is based on these values as 

basic data. 

As a first step toward finding effects,the results were coded accord- 

ing to whether distributed practice produced an increment (+) in performance, 

no effect (0), or a decrement (-) compared to the massed control condition 

of the experiment. Each distributed practice comparison condition was 

treated as a separate result. Since many studies had more than one distri- 

buted condition, a total of 111 experimental comparisons were available. 

Figure 1 presents a distribution of the results. For this figure, 

studies were included which did not actually present data, but which in- 

stead, provided the results of statistical analysis. The figure shows 

that most of the tasks were classified as of the "simple coding" type. In 

fact, most of them were studies of verbal learning. No studies fell 

into either "searching" or "group coding" and very few into "switching." 

For each of the three remaining task categories, simple coding, suc- 

cessive coding, and tracking it is clear that the weight of the evidence 

favors distributed practice as the learning condition which produces 

improved performance.  This conclusion is consistent with the general under- 

standing of the field. 

It cannot be determined from Figure 1 whether or not the instances 

of no effect and of decrement are the result of a poor choice of com- 

parison between massed and distributed conditions. That is, 

if the function of distributed practice reaches a limit, and if 
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the control and experimental groups were both selected near the limit, no 

difference might occur. Similarly, it is possible that beyond some limit 

of inter-trial interval, distribution might be decremental compared to a 

particular control condition. Aside from this, since the time between 

trials is a dimensionalized variable, it was desirable to analyze the data 

in a way that might test the classification system's ability to show trends 

and, hopefully, functional relations. 

To achieve this, several steps had to be taken. First, studies not 

providing quantitative data were eliminated. For the remaining studies a 

common metric had to be developed to deal with the problems of different mea- 

surement units in different studies. The common measure used was percent 

change of each experimental comparison from its control condition. Finally, 

the decision was made to exclude those few studies which used massed con- 

trol conditions longer than ten seconds between trials. 

In reviewing the studies, it was found that studies varied markedly 

with regard to selection of a control condition so that what was treated as 

a "distributed practice condition" in one study was used as a "massed prac- 

tice condition" in another. To handle this problem, the studies were 

grouped into class intervals of the massed control condition, viz. 0-3 

seconds, 4-7 seconds, 8-10 seconds. 

Simple coding task results. The results for simple coding are shown 

in Figure 2. The plot in Figure 2, of course, represents an enormous vari- 

ety of confounding. Nevertheless, inspection of the figure shows that 

the weight of the evidence favors distribution and, for the shortest mass- 

ing interval (0-3 seconds), that the amount of improvement, on the average 

and without regard to any other consideration, may increase with increasing 

distribution. 

To investigate this further, the values of Figure 2 at fixed conditions 

of distributed practice were averaged and plotted in Figure 3-a as a func- 

tion of distributed interval. The straight line in the figure was drawn 

by eye. 

Figure 3-a shows very clearly that on the average the percentage im- 

provement with practice is proportional to the length of the 

interval used for the distributed condition. However, the figure also shows 

10 
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that as the distributed interval increased in the studies, the control in- 

terval also increased. Since the measure is increi.sing, it follows that 

the percent change can be expressed as a function of the ratio of the two 

conditions. Furthermore, since the change is linear, the ratio function 

must be non-linear. To examine this, the values in Figure 3-a were plotted 

as a function of the ratio of the massed condition to the distributed condi- 

tion as shown in Figure 3-b. It is clear from this result that the greater 

the difference between the two (massed-distributed) conditions, the greater 

was the improvement. The function, drawn by eye, is reasonably smooth. 

Its greatest value is that it confirms the linearity suggested by Figure 

3-a. 

Successive coding task results. Figure 4 provides the percent change 

in studies classified in terms of another task category, "successive cod- 

ing." Intervals were not used here since the studies available tended to 

use either 0, 2, or 4 seconds as a control condition. Inspection of this 

figure suggests a trend which increases to a limit within the 0-second 

studies and which may, in fact, continue over the figure or decrease again 

without regard to the control conditions. 

Trial plots of the mean percent change suggested that the relation- 

ships are not the same across studies with different control conditions 

as was the case for simple coding. Therefore, means were plotted separately, 

for studies having a 0-second control and a 2-second control, as shown in 

Figure S. Since only one experiment was available at the 4-second control 

condition, it wa.^ dropped at this point of analysis. 

Figure S. for successive coding tasks is much more complex than was 

Figure i,  for simple coding tasks. The lines, drawn by eye, represent an 

attempt to express the trends that are suggested. That is, both sets of 

data represent an increase in percentage improvement in performance with 

increasing distribution followed by a decrease in percentage improvement. 

The fits are reasonably good, but clearly, more work is needed to determine 

what functions really hold. Meanwhile, the trends of Figure 5 may serve as 

hypotheses. The hypotheses, in fact, are reasonable if one considers the 

nature of the successive coding task. This is a task in which successive 

responses depend upon previous responses, i.e., there is a contingent proba- 

bility holding between successive stimuli a§._opposed to simple coding 

13 
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where each stimulus is an independent event. Under the conditions of 

successive coding, short-term memory would be expected to be a very im- 

portant cognitive process, as postulated by Teichner and Olson (1969). 

The longer the intertrial interval the greater the risk of decrement due 

to forgetting. On this basis the decreasing incremental effect of dis- 

tribution would be pvercome by the increasing decremental effect of 

forgetting. The result would be a curve which first increased and then 

decreased as, in fact, is shown in Figure 5. 

Tracking task results. The effects of the intertrial interval on 

tracking are shown in Figure 6. The data are those from ten studies which 

were considered to have produced acceptable quantitative results, or 

which used massed control groups with not more than twenty seconds between 

trials. The figure shows the effects of comparisons made against control 

conditions having zero time between trials (i.e., continuous practice), 

two seconds between trials, ten seconds between trials, and twenty seconds 

between trials. These four conditions are arranged from left to right 

according to the number of studies available for each rather than in any 

other systematic way. The smooth line, fitted by eye to the 0-second con- 

trol comparisons, ignores the higher of ehe two 30-second distributed con- 

ditions on the assumption that, since it is out of the range of all other 

studies, it is unrepresentative. 

Figure 6 shows that distributed practice produces better performance 

than massed practice under all conditions in which comparisons were made. 

The results also suggest that the gain to be expected with the more dis- 

tributed condition decreases as the intertrial interval associated with 

it increases. The smooth line provides a general statement of that rela- 

tionship. The curve suggests that the effect of increasing distributed 

condition intervals decreases to a limit. However, it is possible that 

with intervals longer than those studied, the curve might continue its 

drop to some point where, relative to a smaller interval, the distributed 

condition would be deleterious. 

The remaining portions of Figure 6 are difficult to interpret beyond 

what has already been said, i.e., the gain in performance attributable to 

the more distributed condition is less the longer the distributed interval. 
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To investigate this further, as well as to seek a single dimension on 

which to put the various studies, the data of five studies wer 

plotted as a function of the ratio of the massed interval to the distribu- 

ted interval. The results of this operation are shown in Figure 7 where 

it may be seen that all five studies are ordered systematically regard- 

less of the length of the intervals used. The function, drawn by eye, 

drops rapidly and is flat between .10 and .20 after which the gain is 

small and ccastant. We may conclude that the greater the difference be- 

tween the massed and distributed intervals, the greater the gain to be 

associated with the distributed condition until the ratio of the two ap- 

proaches .20. After that value the gain is approximately twenty percent 

regardless of the difference. The conclusion holds for the continuous 

practice comparison as well, as was shown in Figure 6. That is, the 

greater the distributed interval, the less the gain up to about 80 seconds 

between trials. After that the distributed condition is associated with 

a gain of about fifteen percent. 

The suggestions indicated by our organization of the data must be 

qualified, of course,, by the procedures that we used to develop a compari- 

son measure.  In particular, variations due to the different amounts of 

practice used are confounded in the measure. Our means, based on the 

last four practice trials, are necessarily sensitive to the steepness of 

the learning curve at these trials. Thus, studies which provided exten- 

sive practice are likely to show smaller differences between the massed 

and distributed conditions than are studies with fewer trials because the 

latter are more likely to be at a steep part of the learning curve. Our 

use of the percentage difference equalizes this factor only in part. 

On the other hand, the systematic nature of the results suggests that these 

other considerations were not enough to obscure the effects of the inter- 

trial interval. 

Application of the Taxonomy to Knowledge of Results Studies 

The second learning research area investigated by means of the "Cri- 

terion Msasure" taxonomy was that of the effects of "knowledge of results." 

Although it is generally accepted that learning reaches a higher level 

when the learner is provided with knowledge of results, great difficulty 
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was encountered in accepting many of the studies which have purported to have 

verified that principle. One problem that arose h.td to do with the distinc- 

tion between a signal or stimulus which provides knowledge of performance 

and one which provides information without which the subject is unable to 

perform the task.  In the first case, a signal which provides knowledge of 

results  (KOR) is simply a redundantly informing signal. One example arises 

in those tracking studies in which a signal tells the subject that he is 

on-target.  In actuality it merely tells him what he already knows. Some- 

times such a signal has been called augmented feedback. Regardless 

of what it may be called, it is difficult to accept such a study as having 

shown that performance is poor without knowledge of results. On the other 

hand, studies which have bidder, the visual target, and thereby not provided 

necessary information have produced such poor performance that a KOR signal 

acts simply as a delayed informing signal. 

Another example arises in search studies in which the subject is given 

a signal to indicate that he detected a target. In most cases, it was not 

necessary to do this since the subject could tell that he had detected it. 

Telling the subject that he has missed a target seems to be a clearer in- 

stance of KOR. Perhaps, the redundant signal should be thought of as a 

reward rather than KOR. In any case, it is logically possible to conceive 

of a variety of ways in which what has been called KOR might be provided. 

For example, the subject might be informed only when he is right in some 

sense, e.g., on target. Or he might be informed only when he is wrong in 

some way. Or he might be provided with both right and wrong information. 

There are still other possibilities which include the direction and the 

amount of error.  Because performance might depend differentially upon 

these various KOR conditions, we felt the nece.^sity of partitioning the 

studies available in terms of them. 

A second kind of problem arose because KOR has not often enough been 

studied in a way which provides a dimension of amount of KOR. The 

literature allows onl> qualitative comparisons. In counting the 

comparisons we ignored the manner or providing KOR, whether verbally, with 

signal lights or buzzers, etc. As before, studies failing to provide a 

control group or those which appeared to be based on inseparable experimental 
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confoundings, etc., were rejected. Those studies which did provide more 

or less acceptable conditions yielded sixty experimental comparisons. 

Figure 8 summarizes the results in terms of whether KOR produced a rela- 

tive gain, no effect, or a decrement for each of eight possible KOR para- 

meter combinations. 

Figure 8 shows that the most frequently-made comparisons involved 

the task classification of "simple coding." No "group coding" studies were 

found at all. The figure also shows that the nature of KOR provided varied 

with the task. Most tracking studies provided Only "correct" information, 

whereas both simple and successive coding studies were restricted to the 

provision of "correct" and "error" information. Searching studies used "cor- 

rect and error" slightly more frequently than any other kirn1, with "error" 

a close second 

Figure 8 shows that KOR aided learning in nine comparisons of "search" 

performance and had no effect in four comparisons. On the other hand, none 

of the nine comparisons used the same KOR conditions as the four which had 

no effect. It appears, therefore, that a conclusion favoring KOR for 

"searching" must be limited to the "error" only or the "correct and error" 

kinds of KOR information. 

KOR was beneficial in nine out of fifteen comparisons of "switching" 

in which KOR was expressed as "correct and direction" and one case of 

"correct, error, and direction." Some form of augmented KOR or signal 

information, as the case may be, did aid "tracking," but three of the ele- 

ven comparisons did not favor KOR. Beyond that, for the one form of KOR 

used, it cannot be concluded that KOR aided learning for either "simple" 

or "successive coding,1' 

Figure 8 demonstrates that the weight of the evidence favors KOR 

slightly, but whether i. really aids performance depends on the 

task and the form of KOR employed. Since the data reported do not lend 

themselves to a meaningful qucntitative analysis, these conclusions must 

be restricted to the presence or absence of KOR rather than the amount 

of KOR. 
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Application of the Taxonomy to Studies on the Effects of Noise 

Our review of the scientific literature on the effects of noise on 

human performance led to the conclusion that this literature is one of the 

poorest in terms of scientific rigor. Aside from studies which were rejected 

because of poor or ambiguous procedures, a large number of studies were 

rejected for a failure to specify the noise levels used.' These included 

studies with limited descriptions of control conditions (e.g., "quiet") 

as well as those which presented noise at a specified level from a speaker 

to a subject, but at an unspecified, or undetermined, or variable distance 

and position from the source. Some did not specify whether the level was 

measured at the sm rce or at the subject. 

It also appears that one investigator's quiet is another's noise. Thus, 

the "quiet" control condition in many studies was a more intense acoustic ex- 

posure than the experimental noise condition in other studies. Finally, as 

a major criticism, it should be noted that the noises used included con- 

tinuous, intermittent, pure tone, broad band sound, etc., sometimes unspeci- 

fied and often passed through unspecified impedances before reaching the 

subject. 

The first step taken to organize the noise literature was to plot 

the frequency of occurrence of reported improvements, decrements, and "no 

effects." This was done without regard to whether the study provided data 

which could be used for quantitative purposes. The results for each of 

the task classes are shown in Figure 9. 

It is apparent from Figure 9 that none of the studies fell into the 

"group coding" class.  It is also apparent that the most frequent result 

was a failure to show an effect of noise. Beyond that, improvements were 

essentially as frequent as decrements. Since all three possible results 

were actually very similar in frequency of occurrence. Figure 9 suggests 

that acoustic noise has no significant effect on performance. The conclu- 

sion appears warranted regardless of how the tasks might have been classi- 

fied. This conclusion is based upon the marginal frequencies and is upheld 

by the frequencies plotted within task classes as well. 

Figure 0 was based upon the general results reported.  It is possible 

that the effects of noise are dependent on the nature of the exposure. 

For example, the initial effect of noise might be a decrement or an 
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increment of performance. With continued exposure, that effect might be 

altered. To investigate this possibility the studies on which Figure 9 was 

based were coded according to a more detailed analysis of the results. 

The effect of this operation is shown in Figure 10 for the five task classes 

into which the literature fell. Unfortunately, as the figure shows, the 

refinements employed do not permit changing the conclusions drawn from the 

previous figure. 

An attempt was made to investigate the possibility that the quanti- 

tative results might have information not revealed qualitatively. The 

number of studies available for this purpose totaled eighteen. For each, 

a percent change measure was determined exactly as for the massed vs. distri- 

buted practice literature described earlier. The studies were then further 

subdivided according to the level of quiet control condition, e.g., 30-45 
2 

dB or 75-90 dB re .0002 dyne/cm , etc., depending upon the conditions used 

with each task in the literature, and plotted as a function of the noise 

levels of the experimental groupings. 

Only one study remained available for "simple coding" and two for "suc- 

cessive coding." All three studies reported decrements. Plots of five 

"searching" studies suggested either no effect (one stud/) or an improvement 

(three studies) or a decrement (one study). The decrement was, interest- 

ingly, reported with the most complex (3-clock monitoring) of the five 

search tasks. 

Plots of five tracking studies showed no effect when the experimental 

condition was 100 dB compared to a control between 60-75 dB. The three 

remaining studies did show decrements, but not exceeding ten percent. 

Regardless of possible quantitative effects, it is not logically sound 

to draw a different general conclusion from the more quantitative analysis 

than from the qualitative one. They differ, in one sense only, in that the 

former is based upon the discarding of relevant information.  In any case, 

the plots made were not considered to present anything reliable. For this 

reason they have not been presented. We conclude that the effects of noise 

are either not demonstrated or that they are not there to be demonstrated. 

25 



1 
3 

+ 0     2 , 

1 

3' 

+ -     2 , 

0+     2' 

K 
O 
Ü 
w 
E-« 
■a: o 
a: o 
S   0 
SB 

to 

0-    2< 

-0     2' 

1' 

3' 

2 

i , J_ 
Searching      Switching    Simple Success'.ve      Tracking 

Ceding        Coding 

Figure   10.     The effects  of nclse  on performance 

26 

+ 0 

0+ 

Iraprovement In 

performance 

Improvement followed 

by no effect 

Improvement followed 

by a decrement 

No effect followed 

by an Improvement 

0  No effect 

No effect followed 

by a decrement 

Decrement followed by 

an Improvement 

Decrement followed 

-0  no effort 

Decrement 



DISCUSSION AND CONCLUSIONS 

An attempt was made to evaluate the feasibility of a human performance 

data base using the method of Teichner and Olson (1969) to classify the tasks 

found in the literature. We have called this the "Criterion Measure" ap- 

proach to task classification since the classification is operationally 

defined by the measure itself. There is no additional inference about 

function or process involved required. 

Of those literatures sampled, two ("knowledge of results" and "effects 

of noise") did not appear to contain enough studies of a reliability suffi- 

cient for the purposes to which a data base might be put. This conclusion 

is quite independent of the task classification system. The only one of 

the three literatures which does appear to be useful, after evaluation of 

individual studies, is that concerned with massed and distributed practice. 

The task classification system was applicable to the studies surveyed 

regardless of area. This is a general conclusion based upon ease of appli- 

cation. The ease of application of the Method decreases for those tasks 

which Teichner and Olson defined as coabinations of the simpler tasks. For 

that reason we have not presented the results obtained with that classifi- 

cation, although it was used. 

It was noted earlier that the study was intended as a joint test of 

the classification system and the literature. As it turned out, the liter- 

ature could be evaluated independently in terns of marginal frequencies 

and numbers of available acceptable studies. Since the classification 

system was internally consistent with those overall evaluations, it would 

appear to be supported as a feasible system. Even more convincing, however, 

was the finding that with the system it was possible to organize the liter- 

ature on distributed practice in terms of: (a) functional relationships 

and (b) different functions for different task categories. In fact, some 

hitherto unreported relationships were strongly suggested. It is important 

to note that these "principles" are general to operationally defined task 

categories where each category contains a variety of different tasks. 

The applicatioi; of the taxonomy to studies of massed vs. distributt«4 

practice led to several interesting functional relationships. For simple 
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coding tasks. performance change was a linear function of intertrial inter- 

val in the range of 10 to 110 seconds, with massed practice periods of 1.5 

to 9 seconds. When these results were plotted as a function of the ratio 

of the massed condition to the distributed condition, it was indicated that 

the greater the difference between the two conditions the greater was the 

improvement in performance. For successive coding tasks, on the other hand, 

it was determined that there was an increase in percentage improvement in 

performance with increasing distribution followed by a decrease in percentage 

improvement. 

The tracking task results suggested that distributed practice produces 

better performance than massed practice and that the gain to be e/pected 

with the more distributed condition decreases as the intertrial interval 

associated with it increases. This result is true, however, only for com- 

parisons made against control conditions having zero time between trials 

(that is, continuous practice). When performance was plotted as a function 

of the ratio of massed to distributed practice it was apparent that the 

greater the difference between the massed and distributed intervals, the 

greater the gain that was associated with the distributed condition until the 

ratio of the two approached .20. 

The application of the taxonomic system to knowledge of results studies 

and noise studies did not provide as clear a set of relationships as was the 

case for massed vs. distributed practice. While the weight of the evidence 

indicated that knowledge of results did result in improved performance, 

whether or not it really aided performance depended upon the task and the 

form of knowledge of results employed. The data did not lend themselves 

to a meaningful quantitative analysis so these conclusions nust be restricted 

to the presence or absence of knowledge of results rather than the amount. 

In terms of our task categories, it was apparent that switching tasks 

provided the most consistent results.  For these tasks, knowledge of results 

aided performance. For the other types of tasks, that is searching, simple 

coding, successive coding and tracking, the data did not indicate any sys- 

tematic increment or decrement in performance as a result of providing 

knowledge of results. 
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With respect to the noise literature, it was apparent that the most 

frequent result was a failure to show consistent effects of noise on tasks 

in any category. Improvements were essentially as frequent as decrements 

under high noise conditions. The suggestion was that acoustic noise in the 

ranges previously investigated has no significant effect on performance. 

It was concluded that the effects of noise are either not demonstrated or 

that they are not there to be demonstrated. Other task classification sys- 

tems may be more useful in illuminating whatever effects are there. 

It should be pointed out that the above relationships are illustrative 

of the types capable of being developed with such systems. It is also impor- 

tant to note that, had the tasks been grouped without regard to the separate 

taxonomic categories, these functional relationships would have been obscured 

and few generalizations about performance would have been possible. 

We conclude that both the method and the distributed practice literature 

are useful for data base purposes. Other segments of the human performance 

literature are probably also useful and amenable to this classification 

method. How far its utility will go remains to be determined empirically. 

On the other hand, other classification systems can now be applied to the 

distributed practice literature and can now be evaluated against this one. 

It is possible that other systems will not survive the test of application, 

or they might be even more successful, or they might serve to reveal still 

other kinds of relationships. Regardless, one important result of the 

present study is the identification of a usable literature and the reduc- 

tion of its studies to those that are reasonably acceptable on scientific 

grounds. 

29 



REFERENCES 

Chambers, A. N. Development of a taxonomy of human performance; A heuris- 
tic model for the development of classification systems. Technical Report 
AIR-726-3/69-TR4. Washington, D. C: American Institutes for Research, 
March 1969. 

Farina, A. J., Jr. Development of a taxonomy of human performance: A review 
of descriptive schemes for human task behavior. Technical Report AIR-726- 
2/69-TR2. Washington, D. C: American Institutes for Research, February 
1969. 

Farina, A. J., Jr., § Wheaton, G. R. Development of a taxonomy of human 
performance: The task characteristics approach to performance prediction. 
Technical Report AIR-726/203S-2/71-TR7. Washington, D. C: American 
Institutes for Research, February 1971. (U. S. Army Behavior and Systems 
Research Laboratory Research Study 71-7.) 

Fleishman, E. A. Performance assessment based on an empirically derived 
task taxonomy. Human Factors, 1967, £, 349-366. 

Korotkin, A. L., § Chambers, A. N. A human performance data base for 
evaluation of taxonomies. Paper presented at the annual meeting of the 
American Psychological Association, September 1969. 

Levine, J. M., § Teichner, W. H. Development of a taxonomy of human per- 
formance: An information-theoretic approach. Technical Report AIR-726/ 
2035-2/71-TR9. Washington, D. C: American Institutes for Research, 
February 1971.  (U. S. Army Behavior and Systems Research Laboratory 
Research Study 71-6.) 

Miller, R. B. Development of a taxonomy of human performance: A user- 
oriented approach. Technical Report AIR-726/2035-3/71-TR6. Washington, 
D. C: American Institutes for Research, March 1971. (U. S. Army Behavior 
and Systems Research Laboratory Research Study 71-5.) 

Teichner, W. H., § Olson, D. Predicting human performance in space envi- 
ronments . NASA Contractor Report No. CR-1370. Washington, D. C: 
National Aeronautics and Space Administration, June 1969. 

Theologus, G. C, § Fleishman, E. A. Development of a taxonomy of human 
performance: Validation study of ability scales for classifying human 
tasks. Technical Report AIR-726/2035-4/71-TR10. Washington, DT C.: 
American Institutes for Research, April 1971. (U. S. Army Behavior and 
Systems Research Laboratory Research Study 71-9.) 

Theologus, G. C., Romashko, T., 8 Fleishman, E. A. Development  ! a taxonomy 
of human performance: Feasibility study of ability dimensions." Technical 
Report AIR-726-1/70-TR5. Washington, D. C: American Institutes for Research, 
January 1970. 

Wheaton, G. R. Development of a taxonomy of human performance: A review of 
classification systems relating to tasks and performance. Technical Report 
AIR-726-12/68-TR1. Washington, D. C: American Institutes for Research, 
December 1968. 

31 Preceding page blank 



AMERICAN INSTITUTES   FOR RESEARCH 

Corporate Officers 

John C. Flanagan, PhD 
President 

Brent Baxter, PhD 
Executive Vice President- 

Development 

Edwin A. Fleishman, PhD 
Senior Vice President 

Paul A. Schwarz, PhD 
Executive Vice President- 

Operations 

Board of Directors 

John C. Flanagan, PhD, Chairman 

Frederick B. Davis, EdD 

Robert M. Gagne, PhD 

Paul Horst, PhD 

James M. Houston, LLB 

S. Rains Wallace, PhD 

Research Offices 

ASIA/PACIFIC 
Bangkok, Thailand 
APO San Francisco 96346 

KENSINGTON 
10605 Concord Street 
Kensington, Maryland 20795 

PALO ALTO 
P.O.Box 1113 
Palo Alto, California 94302 

PITTSBURGH 
710 Chatham Center Office Building 
Pittsburgh, Pennsylvania 15219 

WASHINGTON 
8555 Sixteenth Street 
Silver Spring, Maryland 20910 

PALO ALTO 
P.O.Box 1113 
Palo Alto, California 94302 

Corporate Offices 

PITTSBURGH 
710 Chatham Center Office Building 
Pittsburgh, Pennsylvania 15219 

WASHINGTON 
1775 K Street, N.W. 
Washington, D.C. 20006 


