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Abstract. This paper seeks to inform the ongoing redesign of arr traffic management by
examining current practices and the adoption of a new system aiming to relieve traffic
control from work and reduce radio communication We report from ethnographic
fieldwork among mobile, distributed airport ground personnel By examining the ways in
which they use the ‘old’ technology, 1 e. VHF radio, we identify a set of important aspects
of work carmed out through radio talk These are: repairing misunderstandings,
discussing the task-at-hand, and negotiating next actions. The new system fails to
support this negotiation work, and 1s hardly ever used by the ground personnel. The
distributed workers In the field make their own decisions and negotiate coordination with
the tower based on local information. In this respect, current work practice 1s already
decentralized to a certain extent The problem with the new system, we argue, i1s the idea
to decentralize the organization by providing distributed workers with more information,
whereas the current institutional arrangement for coordination is buift upon highly formal
and hierarchical ideas. When redesigning the system it 1s necessary to take into account
the ways in which radio talk 1s used to carry out the everyday work among ground
personnel

Introduction

Aair traffic is constantly increasing. In the middle of the last century centralized air
traffic control was introduced to handle the growing number of planes in a safe
manner (La Porte, 1988). Today, as the growth continues, traffic control itself

* Authors are listed alphabetically
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becomes a problem. In northern Europe, mainly in Sweden, a new concept for air
traffic control, called CNS (Communications, Navigation and Surveillance), is
being introduced. This is a joint research and implementation collaboration be-
tween the Swedish, Danish and German civil aviation administrations as well as
Lufthansa, Scandinavian Airlines Systems (SAS) and the European Commission.
It is a major effort aiming for a decentralization of the coordination system, by
moving some responsibility out of the control tower to the pilots and other vehicle
operators. This is addressed by launching a new communication system based on
a standard (VDL Mode 4), featuring various new applications to support
individual vehicle operators in the system (SCAA,1999). It is in the process of
being adopted as a global standard from November 2001.! Important keywords in
this effort are collaboration and situational awareness: Air trafﬁc'managemem
should “make sure that the best use is made of all available resources and that
potential problems are resolved in a collaborative and pro-active manner”
(SCAA,1999:5) It introduces ideas of support for group work to a practice that
traditionally has aimed for hierarchical and centralized control. Not surprisingly,
the approach is therefore considered radical, and is meeting resistance in air
traffic management circles.?

The purpose of this study is to inform design of coordination technologies by
describing the organization of the everyday practices of a certain airport ground
personnel category very important for air traffic management, namely those who
keep the runways free from snow. The snow clearance personnel we have studied,
use two systems two carry out their work: the traditional radio communication
system and a new system (the first application for their use based on the design
principle described above). The snow clearance vehicles are equipped with
SnowCard. It 1s a “situation display”, that provide the sweeping crew with a
moving map where they could see dots representing other ground vehicles as well
as those airplanes equipped with the new system. This is motivated by work-
overload 1n traffic control, as well as too much talk on the radio system. The radio
system is conceived as technically insufficient, and the talk itself can cause mis-
understandings and failures in achieving coordination. The SnowCard system
addresses these issues by gtving the snow maintenance crew and the control tower
an awareness system enabling them to see the location of snow clearing vehicles.
However, during our fieldwork it became evident that the personnel did not rely
on the new system in carrying out their work. Rather, they used the ‘old’
technology, the radio, to coordinate their work on the runways. Therefore, 1n this
paper, we examine what the snow crew is doing with the radio, in order to be able
to draw conclusions about how to design better tools for this activity.

1 Press release, Swedish Civil Aviation Administration, 2000-03-30

2 Niklas Gustavsson, Swedish Civil Aviation Administration (Luftfartsverket), Norrkoping, Interview,
October 2000
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In the first part of the paper we present related work, our data collection, as well
as explain the tools and manuals that influence snow clearance operations. We
then present selected items from the fieldwork, together with our analysis.
Finally, we draw conclusions to inform the design of support for this specific type
of air traffic management.

Related Work

Two distinct ways of understanding work practice figure in the design of support
for traffic control. In the documents from the Civil Aviation Administration, they
discuss coordination either between autonomous users, or centralized coordina-
tion:

Concept options will range between a "managed” ATM [Air Traffic Management] envi-
ronment based on traffic structuning, greater traffic predictability, longer planning horizons
and extensive automated support, to a "free flight” environment based on free routings and
autonomous aircraft separation (SCAA,1999 6).

The CNS system will provide additional support for traditional forms of central-
ized management which structure and order the movements of the planes. The
new and innovative approach concerns ideas that, in their most radical formula-
tion, allow for free flight where the operators have the freedom to select their path
and speed. Then, individual pilots will organize traffic through decentralized col-
laboration. The traditional perspective in aviation control understands coordina-
tion of air traffic as a centralized achievement, where traffic control holds a
unique position, monitoring the system. The traffic controller has a number of
information sources, e.g. radar and other personnel. Based on this information the
controller visualizes the current state of the entire system, and decides on appro-
priate next action. This decision is based on a list of appropriate actions to take in
the given situation. To coordinate the many people in the system, it is necessary
that they behave in a predictable way, i.e. follow formal procedures.

The distinction is central in terms of CSCW research, where an important de-
sign choice is understood as either automating organizational work, understood as
routine work in a predictable environment, or supporting the articulation of con-
tingent and situated organizing activities (Schmidt et al 1996, Gerson and Leigh
Star, 1986)

In the new perspective, coordination is achieved as a distributed activity where
people and technology in collaboration achieve coordination (Goodwin & Good-
win, 1998 and Hutchins, 1995). Air traffic control holds a less privileged position,
as one of many local settings. The controller’s understanding of the system is only
partial, and decisions about next action must be negotiated with other localities
where participants have different understandings. To achieve coordination it is
essential that people account for the local circumstances and contingent situations
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in which they are involved. Thus, peoplé do different things and hold different
views on the system. Collaboration and mutual understanding is interactionally
negotiated.

In the studies of control rooms of various sorts, 1t 1s usually the controllers and
their teamwork that are in focus. Hughes et al. (1992) and Sanne (1999) show
how the managers make their own work accountable for their colleagues, and
how this is seen with peripheral awareness, asa way to e.g. repair mistakes. Hut-
chins (1993) considered the task of navigating a large vessel as a collaborative
and distributed achievement. Watts et al (1996) have considered voice communi-
cation support for managers launching a rocket. They argued that a combination
of different virtual meeting rooms increased awareness for the benefit of the col-
laborative work at hand. Further, Mackay et al. (1998) study air traffic controllers
who were not located in a control tower, but had radar screens as a visual source
of information about the location of the planes.

However, in order to influence the design of a more decentralized traffic
control it 1s necessary to consider coordination as seen from outside of the control
room. As pointed out by Bellotti and Bly (1996) with reference to the studies of
navigation at sea, the managers in all these settings are themselves ‘locally
immobilized’. In their own research, Bellotti and Bly point to the importance of
‘local mobility’ where people walk between office rooms and then often have to
leave their computers at the desktop. Consequently, this local mobility penalizes
long distance collaboration. However, with the aid of mobile technology it is
possible to continuously monitor the activities in the center. A similar approach is
taken in the studies of traffic management at the London Underground. Heath and
Luff (1992) study the local mobulity of the station managers. They also found that
the managers had much less awareness of the activities when they left the control
room to move around at the underground station.

In this paper we will look at a different form of mobile work. The snow crew 1s
undertaking a job where they are almost constantly on the move. The movement
is more than an issue of moving to a different place of work - it is the work itself.
The snow crew has this in common with many occupations involved in transpor-
tation. The thoroughgoing mobility is visible in the talk, the system that supports
the work, as well as in rules surrounding the work. For them, the positioning of
their co-workers 1s under constant negotiation.

Radio talk

This study is concerned with the practices of radio (UHF - ultra high frequency)
communication. The use of radio for carrying out work has been studied mainly
within the transport sector. In this section, we briefly outline relevant findings
from these studies, focusing on features identified as unique for radio talk.
Pritchard and Kalogjera (2000) have examined marine radio communication.
They argue that “the conversational structure and format of most messages 1s
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simple, routine-like and therefore predictable.” (2000:186). They show how the
actual maritime VHF communications differ significantly from the highly formal
standards.

In another study of marine radio communication, Robert Sanders examined the
talk between vessels, commercial as well as recreational. He is interested in the
fact that although these radios are intended for safely operating vessels, and with
a prescribed language, they are widely used for other purposes, especially by
recreational boaters. His focus 1s on conversational socializing (specifically
laughter) observed over the radio. Both studies show how practices have devel-
oped for making a highly restricted technology more adjusted to everyday actual
use.

The radio technology has some interesting implications for the talk situation.
One main difference between face-to-face communication and radio talk 1s that
when talking over the radio it is physically impossible for more than one person at
a time to occupy the floor (Sanders, 2000:5).

Another relevant difference, pointed out by Sanders, is the fact that in order to
say something on the radio the speaker has to do something more than just vocal-
ize. There is a need to take the microphone and press the button before the talk
can be transmitted and heard. This of course has the implication that the person
speaking needs to have at least one hand free to operate the microphone. When
engaged in physical work, this can sometimes be a constraint, and consequently
lead to response delays.

The above-mentioned studies have mainly focused on the talk in itself, rather
than looking at it in the context in which it occurs. Luff and Heath (2001) de-
scribe a setting (a railway in London) where the practices of radio use are closely
linked to the practices of using a computer supported display system. They note
how “the displays are utilized to make sense of the ongoing talk and also shape
the production of interactions within that setting.” (2001:28).

Method and setting

The fieldwork reported in this paper was carried out at Arlanda airport during
January-February 2000. Arlanda airport is situated north of Stockholm. With its
two runways and intense traffic it is Sweden’s largest airport. There is a risk of
snow during half of the year. From end of October to middle of April, there are
people present twenty-four hours per day to run snow clearance operations. A
minor part of their task is to clear the areas around the gates. The major task is to
clear the runways and the areas in the vicinity. The aviation administration argues
that they currently clean a runway, being forty-five meters in width and 3.3 kilo-
meters long, in eight minutes. Extensive efforts are made to improve the opera-
tions.
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The snow sweeping operation takes eight collaborating vehicles moving in a
falling line (see below). Each vehicle is equipped with means to plough, sweep
and blow away the snow. Therefore, they are referred to as the sweeping group.3
The driver in the first, the lead sweeper, is responsible for radio communication
with airport traffic control (the tower). The sweeping group collaborates with a
“brake vehicle”, a car that measures the friction of the runway before and after
snow clearance. S

On a total of five snow clearance occasions, we rode with the snow sweepers,
sitting in their vehicles while they
carried out their work on the runways
and the surrounding areas. The vehicles
normally had an extra seat next to the
driver seat, where the researcher could
sit. We normally orgamized it so that
one of us always was in the lead
vehicle. Being two people in the field
made 1t possible to get different
perspectives on the same situations.
Some drivers talked a lot with us and
were interested in explaining their
Figure 1. The esght snow vehicles out on the work and theirr use of the systems,
runway, with the lead sweeper in the front and whereas others did not take much
the others 1n a line behind .

notice of us. It enabled us to focus
more on the work and listening to the radio communication. During all this, we
took extensive field notes.

When in the vehicle with the snow sweepers, it was sometimes difficult to hear
and comprehend the radio talk. In order to get the details of the ongoing talk, we
made recordings. This was carried out during two days of the fieldwork. Due to
the nature of the work, we had to wait for it to snow before going out with the
snow sweepers. This meant that we spent a lot of time 1n the recreation room, in
the garage, etc. That enabled us to talk to the snow crew and get their opinions of
their work situation, as well as getting a sense of the workplace.

The material, the field notes as well as the recordings, were then transcribed.
We went through the transcriptions, identifying a set of themes. A few sequences
from the transcribed recordings, were then chosen as showing the issues we ex-
amine in this paper

3 We have chosen 1o use the term ‘snow sweepers’ and ‘sweepers’ rather than the more obvious snow
plougher or similar, because this 1s the way that they are referred to at the airport
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The systems

The snow clearance operation is traditionally coordinated through radio commu-
nication on the ultra high frequency band (UHF). It is a simplex system, which
means that it is only open for one transmitter at a ume, but that everybody with
radio equipment can listen. Only the strongest signal goes through 1f several peo-
ple try to speak at the same time. The speaker has to push a button in order to
transmit. It is possible to hear their use of the button since the beginning of a
sentence is often clipped off, and the end is often followed by an audible click.
This clicking sound is represented by the sign ‘#’ in the transcripts.

In radio talk 1t is not easy to understand who’s talking to whom. To avoid mis-
understandings, formal rules define the way the participants speak. Every state-
ment should be initiated by an identification of the speaker. Permission must be
granted by the tower before any maneuver. All decisions must also be check-read
to make sure that everybody heard it the same way. The manual states:

When you want to drive onto the maneuver area, you must identify yourself (give your call
signal) and tell where you want to go and - when needed - what way When the tower gives
permission to drive on or to remain on the maneuver area, you shall check-read (1.e. repeat)
the permission Even the request to “hold posiuon” or to hold a certain distance from the
runways shall be check-read End the check reading with your own call signal, so that the

tower knows that 1t 1s the correct vehicle that 1s acknowledging the permission 4

Further, it is strongly requested that radio conversations be “short" and “accu-
rate”. This 1s also expressed more straightforwardly in the manual, in capital
letters as follows: “IN OTHER WORDS, NO UNNECESSARY ‘CHAT’ ON
OUR RADIO COMMUNICATION SYSTEM!”

There are a number of radio channels that the personnel could use when they
are doing their work. The channels of relevance for the work in the group are
mainly channels one and two. Channel one 1s intended for communication with
the tower. When on the runway, the snow crew is demanded to use channel one.
This 1s mainly for security reasons, the tower has to be able to hear all the
communication on the ground, and the ground personnel need to be in constant
response to orders from the tower. The manual states:

The Aviation Administration demands  that radio communication be possible with vehi-
cles are located and working in . the airports maneuver area. Here there 1s a demand for
constant radio attention (SCAA,1999 14)

As soon as they leave the runways, the snow crew should switch to channel two,
so that the tower would not be disturbed by their talk. Channel two is meant for
communication within the sweeping group.

4 From the manual Radio communication on airport (UHF), page 47 [Translated from Swedish ]
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The snow clearance operation has been targeted by the designers behind the
CNS concept. In the pursuit of expanding the system concept, a number of
aircrafts was first equipped with new equipment. Then some snow clearance
vehicles were included 1n the system and provided with situational displays with a
moving map (SnowCard)? On a
display presenting a map of the
airports, a number of the sweeping
groups’ vehicles are represented by
small dots. When the vehicles move
around the airport the dots follow on
the map. This is made possible by the
positioning system in each vehicle and
the digital radio communication link.
The new data link is considered a
“major breakthrough” giving each
aircraft and other vehicles the ability to

Figure 2 The inside of one of the snow vehicles.
The SnowCard display 1s in the upper left corner
of the picture The small radio receiver 1s
hanging down from the ceiling of the vehicle,

broadcast its position and identity to
other vehicles as well as to the central

- traffic control (SCAA,1999:7). Below

is a picture of the inside of one of the

and 1s visible in the top middle of the picture. ,
i snow vehicles (Figure 2).

Analysis

In the following we will present our analysis of the fieldwork. First, we will
present our observations of the use of the SnowCard system. The remainder of the
analysis then deals with the ways in which the snow clearance personnel use the
traditional radio system to coordinate their work through talk. The reason for
devoting more space to the use of the radio rather than the new system, is simply
because the current work practice in the sweeping group relies on radio, and there
are several things that the snow sweepers regularly and ordinanly do which do
not seem to be possible using the new system. Therefore, in focusing on the
current practices we hope to be able to inform the redesign of the new system.
something which 1s discussed later in this paper.

New visual support for situational awareness

¢

The new display system was introduced to increase situational awareness for ve-
hicle operators in conditions of poor visibility due to the snow. Thus, the use of

3 Swedish Civil Aviation Admimstration, SnowCard Arlanda, leaflet
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the system should be observable in the way the drivers looked at the screen 1n
parallel to looking out of the windshield, and 1n the rear mirrors.

On one occasion during our fieldwork, the sweeping group is sent to clear the
runway. They have instructions to vacate the runway by a specific ime. The lead
sweeper turns and exits the runway. The driver constantly looks at the screen to
oversee when all the other vehicles have exited. He then calls the tower telling
them: “Tower, the sweeping group has now left the runway”. Later he states that
the SnowCard system allowed him to report directly to the tower. Before, he had
to wait for the last driver to notify him by radio, and only thereafter call the tower.
Now he could use the display mnstead. This lead sweeper consistently used the
situational display when turning. He reported it useful for seeing if the group was
holding together, and that no one was falling behind. Along with the adoption of
the new system, he also frequently looked through the windshield. Interestingly
enough, he would look out the windshield first; only after that would he glance at
the display.

This lead sweeper had found some use for the new system. However, it was
difficult to observe instances of personnel actually looking at the screen. When
we addressed the issue, they told us that they did not find it useful. One member
of the sweepers, when asked why he did not have his screen turned on, responded:
“What does that [the screen] tell me then? The researcher replied' “It tells you
where the others are”. The final comment by the driver reflects what many of
them seemed to think: “I can tell that by looking out the windshield”. Thus, in a
sense, there were two competing visuals, the windshield and the SnowCard. The
one taking precedence was the view from the windshield.

We conclude that, although the sweeping group found some use for the system,
it was not at all important for them in coordinating their activities and doing the
work.6 The SnowCard did not influence the sweeping group’s understanding of
their situation 1n any important sense. It follows then that the new system did not
have any impact on the coordination of their work. Rather, they continued to
coordinate their moves on the runway using the old technology, i.e. the UHF
radio. In the following we will therefore concentrate on the radio conversation,
and the situational and local awareness provided sumply by the view' from the
windshields of the vehicles.

Making decisions on the ground

During their work on the runways, the sweeping group is in constant:contact with
the tower to coordinate their movements. The talk between the tower and the
sweeping group 1s regulated by rules (as described above). We will begin by

6 1t should be remembered that the situational display 1s nstalled only 1n a small number of vehicles, and that
only a small number of the vehicles out on the tracks are sending information on their identity and position
The promises of the system designers should be evaluated when a much larger number of vehicles are
displayed And in this situanion 1t could perhaps achieve more attention from the driver
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looking a how the visual local information is used in the conversation between
the tower and the snow crew. In the following example, it becomes evident that
the snow sweepers make their own decisions based on visual information on the
ground, rather than on information from the control tower.

In the first excerpt from the radio conversations, we will see how the lead
sweeper and the tower repair a misunderstanding:

Excerpt 1

LEAD SWEEPER' tower to sweeping group #

TOWER' sweeping group #

LEAD SWEEPER I'm waiting here a Zulu Tango want to go Xray west#

(13.0 =)

TOWER' sweeping group go Xray out east” from hh ramp + #

LEAD SWEEPER sweeping group we would like to go out on zero eight twenty-six later
when we have come down towards hh Xray Alpha#

SR

TOWER' h «swesping group » | see s0you are going Xray west’ #

LEA7D SWEEPER: yeeh | saw that they took off from there so isn't it best to go from there
then #

TOWER' «absolutdv the best» it is the absolutely best thinkable but | thought you sad
eest but go Xray out west (up) to the meeting point #

LEAD SWEEPER: sweeping group reedy for meeting point #

In the first section of this fragment, everything seemingly runs according to the
manual. The sweeper reports their position - "I'm waiting here a Zulu Tango",
and say that they want to continue west. After an unusually long pause the tower
repeats, but repeats incorrectly, saying east instead of west. The long pause might
suggest that the person in the tower was busy doing something else at the
moment. The misunderstanding is not revealed until the tower hears the sweeping
group's next planned action. The tower then displays uncertainties, shown in the
slowly, prolonged address of the sweeping group in the next utterance.

The lead sweeper now states his reasons for wanting to go in that direction.
Here is where it becomes evident that the snow sweeper uses visua information
as a basis for his decision-making - "Yeah | saw that they started from there so
isn't it best to go from there then?' He now shows that he has seen the planes, and
from the direction in which the planes are going, has drawn a conclusion about
where the sweeping group should go next. The person in the tower agrees with his
decision, saying that his planned next action is "absolutely" the best way to go.
Here she could have ended her turn, but she continues to explain for the sweeper
how the misunderstanding came about. This is al done out of the institutional
order of talk. The lead sweeper does not acknowledge her explanation at dl in his
next utterance, where he smply states that the sweeping group is ready. The
repair of the misunderstanding between the tower and the sweeper is done in a
conversational mode. They are not using any identification or address. By opting
out of the ingtitutional mode, they mark the topic for the conversation as



