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Validity of Job/Task Analysis Indices
for Team-Training Design

Clint A. Bowers, David P. Baker, and Eduardo Salas
Naval Air Warfare Center Training Systems Division
Orlando, Florida

Training interventions designed to improve coordination and communication in
the cockpit increasingly emphasize the teaching of specific coordination skills.
However, there is little guidance in the literature regarding the manner by which
these skitls should be selected. This investigation compared a variety of task-
importanee indices used previously with individual tasks in predicting the
overall importance of tcam tasks. All of the .indices.demonstrated relatively
poor reliability. Composite indices, including one newly derived indéx; demon-
strated greater validity. The results are discussed in terms of implications for
future rescarch and for tecam-training design.

" Modern military effectiveness is often dependent on the ability of individu-
als to coordinate their activities in order to perform as a team. Several
researchers have emphasized the need to understand, and eventually to train,
appropriate teamwork skills (e.g., Dyer, 1984; Salas, Dickinson, Converse,
& Tannenbaum, 1992). This need is especially apparent in the aviation
domain, which requires individuals to come together quickly as a team and
perform undér circumstances that are frequently stressful. Unfortunately,
history has demonstrated that aircrewmen do not ‘automatically combine to
form good teams. Crew coordination failures are frequently cited as causal
factors in military aviation accidents (Prince & Salas, in press). The history
of mishaps due to faulty teamwork suggests that there is an urgent need to
- understand the nature of team processes in military aviation in order to
develop effective team-training programs.
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Scientists have responded to the need for team training in civilian aviation
E\ an.<n_onm=m a variety of Cockpit Resource Management or Aircrew Coor-
dination Training programs. In gencral, these programs attempt to facilitate
crew coordination by improving crew members’ attitudes toward coordina-
tion (Helmreich, Foushee, Benson, & Russini, 1985), Although it appears
that these programs do enhance attitudes toward coordination (Helmreich
1991), their effectivenass in improving flight performance is dependent os.
three key assumptions: (a)} Crew members already possess all necessary

“teamwork skills within their behavioral repertoire, (b) crew members have
the ability to utilize these skills to cope with task demands, and {c) failure to
employ coordination skills in coping with flight demands is a function of
insufficient motivation (i.e., negative attitudes), |

Recently, investigators suggested that attitude-based programs, and the
assumptions encompassed therein, might not be optimal for military crews
Am:nnn.h:&nﬂnﬁ Bowers, & Cannon-Bowers, 1992; Prince & Salas, 1993).
Rather, these scientists suggested that crew coordination is best accom-
uzmr..oa by training the specific skills that comprise ‘coordination and by
providing opportunities to practice these behaviors. ruc.o_.uSQ studies have
supported the effectivencss of thig type of skill-based training (e.g., Smith &
Salas, 1991), but its application in field settings poses a number of practical
problems for training development. For example, in a recent article, Bowers,
Morgan, Salas, and Prince (1993) pointed out that there is currently no
Enﬁoac_omw to determine which coordjnation behaviors are required in
coping with the demands of various flight tasks.

One approach to identifying important team tasks for training was de-
mol.cna by Bowers ct al. (1993), using a Coordination Demand Questionnaire
.n_nﬂmsoa to assess the degree to which each’behavioral dimension is required
In eéxecvting a sample of flight tasks. The results indicated that pilots’
sclf-reports appeared 1o be a valid method of obtaining coordination demand
data. However, although existing methods might be useful for assessing the
general dimension-level requirements associated with various flight tasks,
they are not effective in providing information about the specific coordina-
tion behaviors that should be incorporated into aircrew coordination training
for any given platform. Because the development of skill-based coordination
training is dependent on the accurate identification of crucial behaviors to be
mn:sna. and because there is a need to develop more effective methods to
identify these skills, the purpose of this investigation was to identify a

psychometrically sound index of team task importance to guide the selection
of behaviors for training. .

TASK-IMPORTANCE INDICES AND TEAMWORK

Estimates of task importance are required in any thorough job analysis that
serves as the foundation for the design of training programs and perfor-

|
|
|
|
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.Bmson-uvv_.mmm& systems (Levine, 1983; Levine, Sistrunk, McNutt, & Gael,

1986). Consequently, psychologists have endeavored to establish reliable
and valid measures of task importance. For example, Sanchez and Levine
(1989) canducted a policy-capturing study of four different jobs. Job incum-
bents rated their respective tasks on five dimensions—task difficulty, task
criticality, relative time spent, difficulty of learning, and task responsibil-
ity—as well as on an overall criterion of task importance. The results indi-
cated that a simple linear combination of two of these ratings (task criticality
and difficulty of learning) resulted in the most psychometrically sound index
of task importance. This pattern was replicated by Levine and Dickey

- (1990), using 2 different set of jobs.

Despite the interest in task analysis for the jobs that individuals perform,
there is relatively little guidance in the literature regarding how best to
conduct such an analysis for teams. Analyses of team tasks have thus far
relied on task-importance indices developed for individual tasks (e.g., Lev-
ine & Baker, 1990). However, research conducted by Glickman et al. (1987)
indicated that team performance includes two distinct dimensions of behav-
ior: taskwork (i.e., behaviors required in the execution of individual sub-
tasks) and teamwork (i.c., behaviors required for cooperative functioning).
Task-analysis strategies at the individual level have, by their design, focused
on taskwork with little consideration given to teamwork skills. In fact, there
are few compelling data to suggest that existing strategies are effective in
evaluating tasks that require teamwork. It is for this reason that articles in the
team-performance literature have cautioned that valid measurement instru-
ments for individual tasks are not necessarily valid tools for team tasks (e.g.,

‘Dyer, 1984). Task-importance indices seem especially prone to this type of

inaccuracy. For example, the task-importance index suggested by Sanchez
and Levine (1989) includes difficulty of learning in creating its estimate of
task importance. However, teamwork tasks are typically not difficult to learn -
and may provide an extremely limited range of responses when rated on this
dimension. Thus, the best estimate of the importance ‘of teamwork tasks
might require the derivation of a new variable especially suited to this
purpose. . :

This investigation sought to evaluate the utility of task-importance indi-
ces typically used in analyses of individual-level tasks for assessing the
importance of teamwork tasks in military aviation. Specifically, the research
assessed the reliability and validity for five commonly used task-importance
indices. Furthermore, a new index of team task importance was developed
using a policy capturing technique similar to that described by Sanchez and
Levine (1989). The psychometric data for these variables were evaluated for
three military aircraft: the MH-53 cargo helicopter, the A-6 attack aircraft,
and the F-14 fighter aircraft. These aircraft were chosen because they have
extremely different flight characteristics and mission demands, thereby al-
lowing the assessment of the degree to which the adequacy of these indices
generalizes across team tasks.
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METHOD
Subjects

A total of 113, active-duty military pilots served as subjects in this investi-
gation (46 helicopter, 33 attack, and 34 fighter). Across aircraft, the average
age of subjects was 28.2 years. The number of years of flight experience
ranged from 1 to 16 years with a mean of 5.6 years.

Team Task Inventory

A team task inventory was developed for each of the three aircraft. Each
inventory was tailored to the specific community via the following process:

1. Teamwork behaviors were identified from the team performance and
aircrew coordination literature.

2. A number of teamwork behaviors were selected by the researchers ag
potentially important for military aviation. These included behaviors
such as “Coordinates gathering of required information in an effective
manner” and “Verbalizes plans for flight procedures and maneuvérs.”

3. The resulting inventory was reviewed by three pilots from each com-
munity to assess the appropriateness of each item for each platform,

4. Based on fecdback from the pilots, itéms were modified or removed
as necessary. This resulted in a total of 42 team tasks for the helicopter
sample and 56 items for each of the fixed-wing samples (see Franz,

Prince, Cannon-Bowers, & Salas, 1990, for a more thorough descrip-
tion of the task-selection process). ‘

Task Dimensions Measured |

Four task dimensions were rated in this investigation: importance to train
‘(i.e., the benefit of dedicating training time to a task relative to all other tasks
in the job), task criticality (i.e., the degree to which failure in the task causes
negative consequences), task frequency (i.c., the number of times the task
must be performed relative to other tasks within the Jjob), and overall task
importance. These dimensions were included because they have been used in
previous studies of individual-level task importance and appear to have
reasonable reliability (Sanchez & Levine, 1989), Additional data were col-
lected to allow computation of two composite indices suggested by previous

investigators (i.e., task difficulty for the Levine, 1983, index and difficulty

of learning to compute the Sanchez & Levine, 1989, index). All of the task
dimensions were rated using a 7-point, relative rating scale format where 1
represented the lowest end of the scale (i.c., not important, not critical, etc.)
and 7 was the highest rating. : ..
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The Team Task Inventory and a description of each rating scale were distrib-
uted to:pilots during regularly scheduled squadron meetings. Pilots were

-asked to rate all the tasks, using each of the four rating scales. Completing

the Team Task Inventory required approximately 45 min,

RESULTS

Five measures of task importance were calculated for each subject. These
included (a) Levine's (1983) method of multiplying criticality of error and
task difficulty and then adding relative time spent; (b) Sanchez and Levine’s
(1989) method of summing task criticality and difficulty of learning; (¢) the
new Team Task-Importance Index (TTII), which includes task criticality and
importance to train; (d) task frequency (i.e., relative time spent); and (e)
overall task importance. ,

Derivation of the New Composite

Linear models of the MH-53 helicopter sample were computed, using step-
wise multiple regression. The helicopter sample was chosen because the
larger sample size provided the greatest opportunity to maximize the statis-
tical power of the regression. Importance to train, task criticality, task fre-
quency, task difficulty, and difficulty of learning were included in the pool
of possible predictors with overall task importance as the dependent vari-
able. Interactions were not considered in the analysis because, historically,
they have predicted very little unique variance (e.g., Sanchez & Levine,
1989; Valenzi & Andrews, 1973). The results revealed that only criticality
and importance to train were significant predictors in the equation predicting
overall importance. The resulting regression equation was used to compute a
new composite variable for all three aircraft in an application of bootstrap-
ping consistent with that described by Dawes (1971, 1982). The resulting
composite score, the TTII, was computed by using the formula:

TTII = (.53 x Criticality) + (.47 x Importance)

The results of the regression indicated that criticality explained 73% of the
variance in overall importance. The addition of importance to train raised
this total to 79%. ,

Table | presents the correlations among dimensions. These correlations
were computed after determining the average task ratings across judges for
each of the task dimensions.and for each of the tasks. The intercorrelations
were computed using the resulting dimension averages. It is interesting to
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TABLE 1
Intercorrelations Among Task-Importance Indices (Across Alrcraft)
Sanchez & Overall Importance
Index Levine Levine Importance to Train Frequency
Sanchez & Levine L 99
Overall Importance ~.19* —.24
Importance to Train 21 .18 JJgre
Frequency —.08 ~.H1 60" LT+
Criticality -.02 -.02 ST 60** J34r.

*p=.0S. **p= OL.

note the large correlation between the original Levine (1983) and Sanchez
.and Levine (1989) indices. This might be due to the fact that each of these

indices relies heavily on elements of task difficulty, which is meom.:w rated
as quite low for teamwork behaviors.

Interrater Agreement

Interrater agreement was then calculated for each of the task-importance
indices by computing the correlation for each pair of judges, transforming
these scores to Fisher's z scores, and computing the average across judges.
“These correlations were then compared on a pairwise basis using f tests for
dependent correlations. :

- Table 2 presents the results of the interrater-agreement analysis. As can be
seen in Table 2, there were no significant differences among the indices. The
Levine {1983) index was among the indices with highest reliability coeffi-
cients for two of the three aircraft.

Validity

The validity of the task-importance measures was evaluated by comparing
the convergence of each task-importance index with the average overall
importance rating on each task and then testing the difference between these
correlations using dependent r tests. This criterion was calculated by averag-
ing the overall importance for Judges, excluding the Jjudge under consider-
- ation. This approach is consistent with Levine and Dickey's (1990) assertion
that, in the absence of an ultimate criterion, average overall task importance
should be used because it is assumed that the individual biases in rating
importance are overcome by aggregating across judges.

Table 3 presents the results of the validity analysis, As illustrated by Table
3, frequency demonstrated significantly lower levels of reliability for two of
‘the three aircraft, There were no significant differences among the remaining
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TABLE2 .
Estimates of interrater Agreement for the Task-Importance Indices
(Presented as Correlations}

Sanchez & .
Aircrgft Frequency Criticality Overall -Levine Levine TTII
MH-53* 28 .16 22 31 .33 .20
A-6° .08 .14 14 4 A1 13
F-14° 15 11 12 22 31 14

“n = 46.°%n = 33.°n = 34, °TTIl = Team Task-Importance Index.

TABLE3
Correlations of Task-Importance Indices With Averaged Ratings of Overall
. Task Importance ‘

Sanchez &

, . Iy d
Aircraft Frequency Criticality Qverall Levine Levine ITIr
MH-53* - .08, .29, i .30, 29, .38,
A-G, W, 16, .16, .15, .10, 21,
"F-14, 13, A9, .30, .u,ow .29, 35,
Note. Within aircraft cells with idéntical subscripts are not significantly different (p <
05).

"n = 46."1 = 33.°n = 34, °TTIl = Team Task-Importance Index.

indices. Of the composite indices, the TT1I aoaozmﬁmﬂ.& Ea...\ E.mroﬁ validity
coefficients, but this difference did not achieve statistical m_ms_nnuzon.

DISCUSSION

The training of effective team processes is n.cmnw:\ vnnoﬂ;m a 39.:35”2
of military aviation. The ability to determine .Eo mvon;.n_n cormﬁo_.m ” at
comprise teamwork is a prerequisite to developing nmno:.gn. team .:n:::mam
Identifying these skills will allow the ao.,..n_ow_.:oi ww specific mf.:&umn

training interventions, as well as the nnnu:om of practice opportunities ﬁm.m..
role playing, simulated flights) for these m_c_._m. In the E.umﬂ_nm nwm a be av-
ioral understanding of teamwork, training will proceed in an idiosyncratic

:.. . .

?mﬂ.%m investigation attempted to assess the anmqno to E:_nd Sm_?_avoq.ﬁ-
ance indices developed for use in individual tasks are m.Eunov:Eo for use in
team tasks, In essence, this effort represents a replication and ox.ﬂnsm_os of
Sanchez and Levine's (1989) effort. However, the present emphasis on .nnu:_
performance represenis a new application of ::m. method. .H..:m nBv:u”ﬂm on
team tasks is likely to have practical mam:nm:osu for ::_:mJ\ :.m.::,_.w.
Training irrelevant team skills is not cost effective. However, failure to train
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important tcamwork skills is likely to result in ineffective performance. In
other words, this study empirically assessed the degree to which existing
task-importance indices are useful in identifying behaviors for use in team-
training applications. , :

As in Sanchez and Levine (1989), the present results indicate that there
are relatively large correlations among the indices of task importance. There-
fore, all the indices appear 10 measure some aspects of a shared construct,
Also consistent with Sanchez and Levine, the present results indicate that job
incumbents’ ratings of a task’s overall importance were best predicted by a
combination of relatively few variables, one of which was task criticality.

- However, the present results indicate that task criticality is best augmented
by estimates of importance to train when rating team tasks. This is consistent
with our assertion that difficulty of training might not offer sufficient vari-
ance when rating team tasks. Furthermore, importance to train is likely to be
more accessible to military pilots, because the absence of these behaviors is
frequently associated with the causes of aviation mishaps.

In evaluating the psychometric qualities of these measures, one is struck
by the generally low reliability coefficients associated with all the indices.
This tendency serves to highlight the fact that ratings of team task import-
ance are difficult for job incumbents to agree on. The validity data yielded a
similar pattern. In contrast to the suggestion of Levine and Baker (1990),
previous composite indices were not associated with highest convergence
with average estimates of overall importance for the majority of aircraft. The
TTII, which uses task criticality and importance to train, demonstrated the
strongest validity. Again, however, the coefficients were generally very low,

In a larger context, the present results serve to support Dyer’s (1984)
concern regarding the use of measurement instruments derived from individ-

uals in team-performance research, In the case of military aviation, none of
the traditional indices of task importance yielded particularly strong reliabil-
ity or validity. Furthermore, a new index designed to optimize the predict-
ability of these indices for team tasks did not result in significantly stronger
prediction of task importance. Thus, the present results point out the need to
identify other task dimensions that incumbents might use in evaluating team
task importance. Results of the regression analysis suggest that almost one
fourth of the variance in overall importance was unexplained by these pre-
dictors. Thus, it might well be the case that dimensions specific to teamwork
are required to accurately evaluate the importance of these tasks. Similarly,
it might be useful to consider alternative criterion measures for teamwork.
Although subjective ratings of overall performance have been used tradition-
ally in studies of individuals, objective measures, such as communication
frequency, might provide a more valid measure of teamwork, This line of
research requires further study in order to arrive at an optimal mcthod of
recommending tasks to be the targets for training, .

-~
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