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Introduction

Until recently, controllers were required to communicate all numerical air traffic control (ATC)
information in sequential format, that is. digil bydigit. For example, an altitude of 17.000 ft had to be
transmitted as "Climb to one seven thousand." According to the latest versions of the Air Traffic
Control handbook (7110 65G). however, controllers may restate altitude clearances in grouped format
as "seventeen thousand" after giving them in sequential formal. Although controllers appear to
generally agree ili.il grouping numbers improves recall, there is no direct scientific evidence lo support
this belief.

This study compared the recall of ATC informationpresented in cither grouped or sequential format
in a part-task simulation, li also tested the effect of complexity of ATC clearances on recall, that is.
how many pieces of information a single transmission may contain without resulting in a rcadback
error.

Procedure

Twenty-four professional air-line pilots listened lo an audiotape containing prerecorded ATC
clearancesfor a lowaltitude cn-ioule environment, They were tested individually and asked to read Ihe
entire transmissionback and adjust the sellings of a mock-up mode control panel. They could indicate
uncertainly regarding a particular sellingbypressing theadjacent "say again" button

Clearance complexity ranged from three to five pieces of information. Altitude and frequency
information were presented in grouped or sequential formal, or both (i.e., restated). Altimeter and an
s|>ecd were presented either in grouped or in sequential format. Heading was always presented in
sequential formal, potentially helping to distinguish it from speed, with which it shares part of its
numerical range Altimeter was presented only al the two higher complexity levels Formats,
complexity, order and type of information were carefully counterbalanced lo avoid contextual or
learning effect1:. To avoid expectancy effects, theclearances did not follow a cohcrciii flight plan. The
tape also contained "filler" clearances intended for oilier aircraft. All clearances were spoken by the
samcconlrollci

The results were analyzed in terms of type of information, recall errors, and misconununicaiions.
which include both errors and requests for repeats. Errors include all instances where cither
rcadback or selling or both were incorrect, or both were omitted. All variables were analyzed as
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categorical in a two-way repeated measures analysis ofvariance (SAS proc glin). Where
indicated. Bonfcrroni post-hoc analyses at asignificance criterion of p< 05 were conducted.,

Results

Figures Iand 2show die summary results. For errors, the clTccl of complexity was highly significant
[F(2.46)=9.94: p<.001). whereas Die effect of format just failed lo reach significance rF(2.46)=2 35
P>10|. The inicraction was sigiuficanl. however rF(4.92)=2.99: p<05|. The post-hoc comparison
showed that Willi 4.18 percent errors, grouped information was significantly less well recalled al
complexity level live than sequential and rcslalcd information. Also, with a significant increase in
errors going from complexity level three lo four lo five, grouped information revealed itself as sensitive
loan increase in complexity. Rcsiaicd information was not affected h> complexity, and sequential only
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For m.scoinmunicaiions. both the effects of complexity and format were highly significant
IF(2.46)= 16.57 and 10.57; p<001). Their interaction remained significant [F(4.92)=6.04;
p<.00l|. The rcsulls of the post-hoc comparisons corresponded lo the ones Tor errors, with ari
emerging advantage ofrcslalcd over sequential information al complexity level five.

figures Percent £ rroti for AIMlud e

- " -Grouped

— -* .11.1.0

1S*qu *ntui

»

£ '

— - " — .

C om p le xIIy

.. 1

jure 4 Percent M ft c om m u n ic • ho n s

Altitude

lot

I ••

- - -G rag p.d

— -Refuted
SfQw.ni.>! 1

s •

I
» •

a.

..-**

Com plexity
%

226



Figure 3 shows the percent errors for altitude. Error rates never exceeded one percent, except for
grouped clearances at complexity level five with more than two percent errors. There were no
significant overall effects of cither format or complexity [F(2,46)=1.I7 and .69], There was,
however, a trend of an interaction between format and complexity [F(4.92)=2.33; p<.IO|,
indicating thai with more data, effects might emerge for specificcombinations of complexity and
formal.

A look al ihc miscommunicalions confirms this (Figure 4). Formal did affect the
iniscommuiucaiion rale |F(2.46)=5.79; p<01|, with significantly more niisconiniunicalions for
grouped altiludcs al complexity level five than for restated and sequential alliludcs. Allhough the
overall effect of Ihcconiplcxily of the clearances was still not significant, the interaction between
complexity and format was highly significant |F(4.92)=6.02; p<001|. Miscommunicalions for
grouped alliludcs were higher al complexity level five then at the two lower levels, whereas
miscominunicalions for scqucnlial and restated alliludcs did nol increase with complexity,
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Figures 5 and 6 show ihc percenl errors and miscommunicalions for radio frequency Error rales
significant!} increased with complexity |F(2,46)=3.9; p<05]. but the formal did nol mailer
|F(2.46)<1|. nor did formal and coniplcxily interact (F(4,92)=l.47|. Further analysis showed a
significant increase in errors between complexity levels three and four, but nol between four and
five

For miscommunicalions. both the effects of format and complexity were significant
[F(2,46)=5.I6 and 7.89; p<.01|. as well as their interaction [F(4,92)=3.24; p<05|. The post-hoc
analysis showed an advantage of the restated formal over the grouped formal al complexity level
five and over the scqucnlial format at coniplcxily level four. Also, miscominunicalions for
restated frequencies did nol increase with complexity. For grouped frequencies.
miscommunicalions at complexity level five significantly exceeded those at complexity level
three Forsequential frequencies, there were fewer miscommunicalions al coniplcxily three than
al both higher levels
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Figure 7 Percent Errors lor A Ihm cler
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Figures 7and 8 show percent errors and miscommunicalions for altimeter clearances. None of
Ihc effects for errors were significant, allhough there were trends for complexity cffecls and an
interaction between coniplcxily and formal effects [F(l.23)*3.0l and 2.93; p=.IO|. For
miscommunicalions. however, complexity was highly significant |F( 1.23)= 17.03; p<.001|. and
both the efTccis of format and Ihc interaction between formal and complexity emerged as a trend
|F(I.23)=3.43 and 3.77; p<IO|. Further analysis showed significantly more miscommunicalions

at coniplcxily level five than foranyof the otherconditions.
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Figure 9 Percent Errors for Hnl
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Figures 9 and 10 show the percent errors and miscomniunicalions for heading clearances. Only
miscommunicalions significantly increased with increasing complexity (F(2.46)=5.67; p<01),
and only when going from complexity level three to five.

Figures II and 12 show ihc percent errors and miscommunicatioiis for reading back speed
information. Both errors and miscommunicalions increased significantly with increasing
complexity |F(2.46)=6.08 and 12.45;p<.005], for errors betweencomplexity levels three and five
and for miscommunicalions for levels five and four compared to level three. Misconimunications
were also significantly higher for speeds in sequential than for speeds in grouped format
[F(1.23)=8.26; p<01|. Neither of the interactions were significant [F(2,46)<1|.

228



Figure 11 Petcrnl Errors lor Speed
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Conclusions
Five main conclusions can be drawn from this experiment.
I, Usually, an increase in complexity of the clearance did reduce pilot recall, especially in the

grouped formal.
With one exception, grouping numbers resulted in reduced recall compared to rcslaling them
or saying them digit by digit, especially at complexity level five.
For speed information, grouping helped, reducing requests for repeats. Approximately 10
percent of all speed errors were confusions with heading information. Grouping speed may
help reduce confusions with heading, which is always presented sequentially. Before
recommending that speed information should be grouped, however, the effects of cockpil
noise, transmission quality, and speech rate of the controller have to be investigated (the
latter is in progress). Also, numbers arc grouped differently in other languages, which might
represent a problem for foreign pilots,
Rcslalcd information resulted in fewer miscommunications than scqucnlial information, al
lcasl al coniplcxily level five This is presumably independent of the formal used for
resulting the information.
The error and niiscommunication rales across types of information variedconsiderably. This
may be a function of the importance as well as the number of digits and Ihc numerical range
of the information.

2.

3.

5.

Acknowledgments
Dr. Kim Cardosi of the I'olpe ('enteroriginated this work. OftheMIT Flight Transportation
Laboratory. Prof Robert Simpson recruited the airline pilots and Heather Howard assisted
throughout the project. John Giiirleo of Bedford Systems built the part-task simulator Dr. Peter
Monger! and Dr. Robert DiSario ofthe VolpC Center helped with the statistical analyses. The
work wasfunded by the Federal Aviation Administration 's Office ofthe ChiefScientific and
Technical AdvisorforHuman Factors. Many thanks to allofthem, and to the patient airline
pilots who participated in thisstudy!

*Preliminary data have been presented at the FAA/NASAfDOD Workshop on Methods and
Metrics of Voice Communications inSan Antonio, Texas, May 199-1.
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