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Abstract. There is a growing interest in technologies for supporting individuals to man-
age their accessibility for interruptions. The applicability of these technologies is likely to
be influenced by social relationships between people. This paper describes an experi-
ment that examines interplay between a working relationship of an interruptor and an in-
terruptee and two different system approaches to handle interruptions. We tested how
system behaviour and the social relationship between the actors influence their interrup-
tion behaviours. Our results are consistent with prior research on the importance of rela-
tional benefit to understanding interruption. We found that interruptors were far more
likely to be considerate of interruptees' activities, when they both shared a common goal.
We have extended those findings by showing that interruptees display similar behaviours
to those presented by interruptors. The results regarding the systems! influence show a
clear trend towards the positive effect of the Automatic system on peoples! interruption
behaviours which is based on: (i) visible interruption costs, (ii) social tension and (iii) sys-
tem preference. We think that the results of this experiment translated into design impli-
cations can prove helpful in informing the design of computerbmediated solutions sup-
porting interruption handling.

Introduction

Informal communication, both collocated and distributed, appears to be oneof the
mog successful communication channds in nowadays offices (Kraut, Fish et al.
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1990;Nardi, Whittaker et al. 2000;Nardi and Whittaker 2001) Such communica-
tion allows for rapid feedback, sharing local context, spontancous conversations
and referencing common depictions or values (Olson and Olson 2000). But there
is a cog to it, interruptions Nardi and Whittaker (2001) and Kakihara et a
(2004)noted an asymmetry in control of interruptionsbeween an interruptor and
an interruptee that ‘arises because while initiators benefit from rapid feedback,
the recipients are forced to respond to the initiator agendaQ To deal with this
visible inequity in control over interactive attempts, awareness systems have been
propoed as mechanisms to suppot interruption negotiation (Dourish and Bly
1992; Nichols, Wobbrock et al. 2002; Begole, Matsakis et al. 2004; Wiberg and
Whittaker 2005) However, empirical evaluaions of thoe systems have shown
that, athoughthey paositively influence the behaviora paterns of interruptors,
they do not prevent interruptions from occurring at wrong moments (Fogaty,
Hudon et a. 2005) Such findingsindicate tha the relative behaviour of two in-
terruption actors is not only determined by the existence of an awareness system
butislikely to beinfluenced by other factors ranging fromindividud (McFarlane
and Latorella 2002;GonzHez and Mark 2004;Bailey, Kondan et a. 2005)to so-
cial (Perlow and Weeks 2002; Jett and George 2003; Patil and Lai 2005) and to
technical aspects (Cheverst, Dix et a. 2005;Wiberg and Whittaker 2005) A bet-
ter undestanding of the dependendes beween sodal and technological influ-
ences on interruption behaviours for both interruption actors can prove hdpful in
informing the design of computerBmediated solutions suppoting interrupton
handling.

This pgoe describes an expearimental study evaluaing the influence of two
factors on the interruption behaviour of interruptors and interruptees; we wanted
to test the impact uponthe actorsObehaviour caused by: (i) whether they share a
common god or not and (ii) whether the awareness system filters incoming inter-
ruptionsor not Findly, we wanted to assess how behavioura changeenforced by
automatic interruptiongXiltering is perceived in terms of user preferences.

Rdated Work

A variety of behaviours in handling interruptions have been previoudy noted
(Altman 1975; Sproull 1984; Jett and George 2003; Gonztlez and Mark 2004;
Minassian, Muller et a. 2004) In afaceBtoEface situaion, when initiating an in-
terruption the interruptor usudly decides whether to interrupt or not by assessing
theinterruptee® availability statusthroughverbd and norBverbd clues produced
by the interruptee him/herself (e.g., does one appear stressed or relaxed) and
through signds gahered from the environment (e.g., is one present or absent?)
(Sproull 1984 Kendon 1990; Hudson, Christensen et al. 2002; McFarlane and
Latorella 2002) The decision whether to continueor to withdraw from the inter-
ruption may befurther based on the nature of its subject. Theinterruptor may de-
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cideto abandona trivial question if theinterruptee appears busy but may be less
congderate about potential cods to the interruptee when dealing with an issue of
greater importance or urgency.

Once theinterruption has been initiated, the interruptee has a choice of how to
deal with an incoming communicative attempt. (S)he can choos beween imme-
diately handling, pogponing or rejecting an interruption and also between provid-
ing a comprehengve or a patia answver (Goffman 1967; Clark 1996) An ade-
guéae behaviour is often motivated by the soda and professiond relationship be-
tween the actors (Kendon 1990; Patil and Lai 2005). It is also contingent upon
other aspects such as an interruptee@® own timeEpressure or the next activity
planned (Hudson, Christensen et a. 2002; Adamczyk and Bailey 2004; Bailey,
Kondan et al. 2005;Gonzales and Mark 2005)

In the case of mediated interruption handling, two approaches can be con-
trasted: an automatic and a manual approach. In the automatic approach, the sys-
tem takes a role of an interruption mediator so tha both actors fully rely on its
performance. Begole and Tang (2003)explored the feasibility of automatic avail-
ability inference based on activity monitoring. Another example of automated
availability management systems are Persond Reachability Management Systems
(PRMS) (Reichenbach, Damker et a. 1997) The bendits of PRMS relate to
minimizing interrupteesOeffort when dedling with undesired communicative at-
tempts by shifting effort uponthe interruptor. Processing an interruption request
is automated and is based on wha the interruptor has specified as the context of
the communication attempt and what the interruptee has preBdefined as criteria
for interaction agreement. Regarding the manud approach, a system such as
PushBxobralk (Nardi, Whittaker et a. 2000 implements a set of outeraction
mechanisms tha allow users to manually coordinae thar availability withoutin-
terfering with the lightweight of the communication protocol. With ther system
NEGOTIATOR, Whitaker and Wiberg (2009 have shown how manud availabil-
ity management mightcreate sodal tengon for theinteracting parties.

Apat from the ben€fits of each system there are also cods associated to ill-
timed interruptons as well as effort to provide relevant context for reachability
management. McFarlane (2002) experimentally compared different ways for co-
ordinding interruptons in a computerbEbased multitasking context. Experiment
subjects were asked to play a Qumpers GameQes their primary task, in which they
had to save virtud game characters jumping from a building. While playing this
game they were frequently interrupted by another task. McFarlane noted tha par-
ticipantsOperformance improved after they were allowed to control their interrup-
tionsby choosng the right moment for them to occur. The author conduded tha
in order to suppot mediated interruptionsthere is a need for tools that alow for
assessing and announéng appropriate interrupton moments.

Arguably, both automatic and manud approach can prove useful in different
sodal relationdhips Dabbish and Kraut (2004) extended McFarlane® experiment
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and investigaed the use of awareness displays as indruments for suppoting inter-
ruption coordinaion. They examined how awareness displays influence the
choice of the interruption moment, how sharing a common god increases ther
success ratio and, how the richness of presented information affects the interrup-
tion handling behaviour. They too used the Qumpers GameQas a primary task for
the interruptee and introduced an @mage GuessingQtask for the interruptor. To
complete thar task successfully interruptors frequently needed help from thar
assignd interruptees. Theresults of this experiment showed tha if theinteracting
paties share a common god (Clark 1996) interruptors are more likely to display
altruistic behaviour towardsthe interruptee: they will be more proneto assess in-
terruptee® availability (Begole, Tang et a. 2003; Gonzalez and Mark 2004) and
timeBpressure (Adamczyk and Bailey 2004; Bailey, Kondan et al. 2005) before
initiating theinterruption.

The experiment by Dabbish and Kraut suggests that in a sharedbgod situation
an awareness display may, indesd, be an appropriate and sufficient stimulus for
evoking altruistic interruption behaviour uponinterruptors. However the experi-
ment has also shown that in a norbsharedbgod situaion interruptors were likely
to display somewha individualistic behaviour: they were prone to interrupt
whenever they were in need for hdp without paying attention to the interruptee@
availability status Consdering tha many interruptionsin an actua working con-
text arise not only from the team members sharing the same god but also by other
individuds, it seems reasonable to conjecture tha a system assisting interruptions
in a norBsharedBgod situaion cannotentirely rely on the awareness display and
should be allowed to assess theinterruption moment.

A number of interesting questions arise from the experiment of Dabbish and
Kraut. Thear study examined behaviours only for interruptors; it is also interesting
to examine how theinterrupteesCbehaviour isinfluenced by ther relationwith the
interruptor. The authors contrasted two soda relationdhips between the interrup-
tion actors: ateam and an independent condition. Theteam condition was defined
as. “being in group with another person and having outcome interdependenceQ
while theindgpendent condition described a situaion, in which: “the interruptors
were rewarded exclusively on their own performance”. This distinction results in
an effective experimental manipulation, but is arguably not representative of the
interruptions concerning office workers. Clearly, while the Team (shared-god)
conditionis very characteristic for the office environment, the Independent cond-
tionisfairly rare for workers who are not directly dealing with cusomers or the
genera public. A more common source of interruptionsfor them is from people
working for the same organizationd unit (department or sub-department) though
not on the same project (so therefore not sharing gods) (Chrysanthis, Stemple et
al. 1990;Patil and Lai 2005) In linewith Chrysanthiset a. (1990)a Group is de-
fined as. Qn the group, people can perform their tasks concurrently and inde-
pendently, while interacting cooperatively to achieve own objectivesQ This sodal
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relationdhip is furthermore shaped by the existence of social reciprocation as de-
fined by Perlow and Weeks (2002} O. .the likelihood of receiving an interruption
from the interruptee in the near futureQ Thusour experiment concerns a Geam
conditionCas defined by Dabbish and Kraut and a @roup conditionCss defined by
Chrysanthis et al. (1990 and Perlow (2002)

Findly, next to the sodal relationship beween actors, our expeiment aso
compares the manud and automatic approach to handle interruptions The auto-
matic system manages availability of theinterruptee (Reichenbach, Damker et al.
1997) by filtering the flow of interruptons while the manual system provides
paticipants full control over ther interruptions(Nardi, Whittaker et al. 2000) We
examine the impact of these two system types on the behaviour of interruption
actors in the two soda conditionsdescribed above. We add to current literature
with an experimental assessment of how differences beween the two system
types and the sodal relationship impact the behaviours of theinterruption actors.

Experiment Description

Our experiment had a twoEfold objective. Firstly, we aimed to assess if the pres-
ence of a shared god equaly motivates interruptors and interruptees to display
altruistic behaviours when dealing with interruptions Secondly, we wanted to
test the effect of an Automatic system to motivate more altruistic behaviours in
the case of an absence of ashared god between the interruption actors,

For the purposes of this experiment we have implemented two systems for in-
terruption management. a Manual and an Automatic system (which are described
in more detail bdow). The common structure of the two systems was defined so
tha neither system intervenes with the interruptor® decision to initiate the inter-
ruption and so tha both systems provide thar users with an abdract awareness
display representing the status of the interruptee (Dabbish and Kraut 2004) The
difference between the systems rests in the way they deal with incoming interrup-
tions The Automatic system filters interruptionstha are illEtimed according to
theratio between the number of tasks to be peformed by the interruptee and the
time left to do so; it aso automatically notifies the interruptor that hisher inter-
ruption has been rgjected. The Manual system alows al interruptions to get
throughto the interruptee, so that the interruptee has to decide whether to accept
or reject each interruption request.

Asin the experiments discussed above our setbup aimed to create @n abstract
help—seeking situation, in which two parties are collaborating’ (Dabbish and
Kraut 2004) In owr expeiment the two paties are: an Asker seeking hdp and a
Helper who is engaged in an own task. We provided both actors with an abgract
awareness display presenting them with the status of the Helper. Askers can
choos the interruption moment and can also choose which out of a fixed set of
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questionsto ask. Helpers can choo% to answver immediately or reject theinterrup-
tion, andthey can aso vary thequadity of ther responss.

Definitionsand Hypotheses

We distinguish four interruption behaviours, two timebrelated behaviours and two
contentb related behaviours. Each behaviour pertains both to interruptons by
Askers and to reactionsby Helpers and has an dtruistic or individudistic conno-

tation (see: Tablel).
ASKER HELPER

Altruistic and individualistic behaviours that are time—related

Timely interruption: AskerOsaltruistic be- Timely reaction: HelperOsaltruistic be-
haviour to initiate an interryption when the haviour to immedately accef anincom-
awareress display shows HelperOdow timeD ing interruption.

pressure.

Untimely interruption: AskerOsndividualis- Untimely reaction: HelperOsndividual-
tic behaviour to initiate aninterruption when istic behaviour to immedately reject an
the awareress display shows HelperOshigh incoming interruption.

timeEpressure.

Altruistic and individualistic behaviours that are content—related

HighBvalue quegion: AskerOsaltruistic be- HighBvalue regonse: HelperOsaltruis-
haviour to initiate aninterruption with ahigh tic behaviour to provide reponse with a
score associatedto its contert. high value associatedto its contert.

Lowbvalue quedion: AskerOsndividualistic Lowbvalue regonse: HelperOs indi-

behaviour to initiate an interruption with a vidualistic behaviour to provide re-

low score associatedto its contert. sponse with alow value associatedto its
contert.

Table 1. AskersOand HelpersOtime and contentExel ated behaviours used as dependent variables in
the experiment

We expect to find tha interruptors and interruptees who share a common god
(Team) will display more altruistic behaviours when dealing with interruptions
compared to thoe who do not share a common god. For interruptors this means
matching the interrupton moment with the interruptee® availability status and
interrupting with highBvalue questions We aso expect tha interruptees in most
cases will be willing to accept incoming interruptionsand put effort in providing
interruptors with a thorough, highBvalue response. Such behaviours will remain
congstent disregarding the system the Team uses, so the Team members will
show similar behaviour in both the Manual and the Automatic system. We assume
tha the Manual system will expose the altruistic behaviours of actors sharing a
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common god and individualistic behaviours of thos, who do not shae a com-
mon god. Interruptors who do not share a common god will interrupt at all times
without beng concerned about the interruptee@® availability status Also inter-
ruptees will be willing to accept incoming interruptionsonly when they perform
well and do not experience timeBEpressure imposed by ther own task. Inter-
ruptees, in any case, will notbewilling to put effort to sugain the qudity of thar
answers.

Furthermore, we bdieve tha the Automatic system will influence the behav-
iours of people who do not share acommon god, so they will changethear behav-
iours comparing to those presented in the Manual system. As shown by related
literature (McFarlane 2002; Bailey, Konstan et a. 2005) interruptions produce
negaive conequences if they occur a times when the interruptee might experi-
ence timeBpressure, anxiety and annoyance related to higher primary task. So, we
introduce an Automatic system tha monitors the interruptee@® performance and
automatically rejects interruptionsoccurring whenever the interruptee may expe-
rience timeBpressure related to his’her primary task (so interruptionsare allowed
only when the interruptee paforms well). We bdieve tha such an additiond fil-
tering will encourage interruptors in the Group condition to pay attention to the
interruptee® availability status and try to time their interruptionsbetter. We also
think that interruptees in the Group condition will be more willing to accept inter-
ruptions and more consderate about providing comprehensve respon if inter-
ruptionsappear at right moments. To test these expectationswe have formulated
three hypoheses, which are introducd beow.

Hypothesis 1

Both Helpers and Askers show more altruistic interruption behaviours in the
Team condition than in the Group condition. We expect H1 to hold for both time
and contentbrelated behaviours.

Hypothesis 2

Both Helpers and Askers show more altruistic interruption behaviours when us-
ing the Automatic system than when using the Manual system. We expect H2 to
hold for both time and contentbrelated behaviours.

Hypothesis 3

The positive effect of the system—type, thus using the Automatic system on inter-
ruption behaviour is the strongest in the Group condition. We expect H3 to hold
for both GroupEHelpers and GroupPAskers, and to apply for time as well as con-
tentbrelated behaviours,

Participants

A numbe of 35 males and 25 females participaed in the experiment (41 D20 to
30,17H30to 40, 1 B40to 50 and 1 B50to 60 of age). 25 participants work in
academia, 7 in indugry, 26 were students and 2 were unemployed. They present
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different educationd backgrounds technical (18), design (18), psychology (3),
econormics (7) and othes (8). Ther educationd level varies between: unde-
graduae (20), graduée (28) and PhD (12). Participants presented various n&ion-
alities and al were norbnaive English speakers. Mog participants (42) reported
having more than 2 years of experience usng English on daly basis; the rest of
the participants reported an experience between 1 and 2 years. All except oneas-
signal par were complete strange's to thar partners in the game. In the familiar
case thepair reported to be acquanted but had not worked togeher ever before or
were they in any way professiondly or soaally linked.

Design

The expeaiment was a 2x2 mixedBsubject design. The within subject factor was
the system condition, which offered (i) amanud or (ii) an automatic approach to
handling interruptions This condition was randonmized to avoid an order effect.
The between subjects factor was the social condition, which identified two sodal
relationhips the Team condition representing people sharing a common god and
the Group condition representing those who did not share a common god bu as-
sumed sodal reciprocation.

Procedure

The experiment was conduded by the two first authors on the premises of the
Eindhoven University of Technology and took form of a game, in which one
Asker and one Helper won a prize of 25 euros each. Participants were divided in
pars and randonly assigned to ther roles, and to the Team or Group condiion.
The players of each par were placed in separate rooms so tha they could notin-
teract with each other in any way. Each par played two roundsof the game: one
using the Automatic and another usng the Manual system (the order was randam-
ised). The game began with an exploration phase, during which both players
could become acquainted with the screens and controls. During the actud game,
each roundlasted 10 minutes. At the end of the second rounda focus group was
conduded.

In the Team condiion, each AskerEHelper par compeed agang other pars;
thar scores were summed up and the best par would win the prize. In the Group
condition each Asker and each Helper competed individudly with other Askers
and Helpers; thar individud scores were summed up, and the best Asker and the
best Helper would win the prize. To create afeeling of asodal reciprocation (Per-
low and Weeks 2002) paticipants in both conditionswere told tha there would
be a second phease of the game, in which they would swap thar roles of Askers
and Helpers.

Both Automatic and Manual system provided participants with an abdract
awareness display (Dabbish and Kraut 2004) condructed out of two progress
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bars: thetask bar tha represents the progress of the Helper@ task and thetime bar
that shows how much time was left for him/her to finish answering each question
(see: Figure 1).

Task bar: Task bar:
EEEOC0 EO0000
Time bar: Time bar:
000 _ mimimin

Figure 1. Left: the awareness display representing a timely interruption Bthe task bar is ahead of
the time bar meaning that the Helper advances with the task and experiences low timeBpressure;
Right: the awareness display representing an untimely interruption B the time bar is ahead of the
task bar meaning that the Helper stays behind the task and experiences high timeBpressure.

Besides providing this information, neither system interfered with the Asker@
decision to interrupt The Automatic system filters the occurrence of an untimely
interruption when Helper® task progress stayed behind his/her time progress at
the moment the interruption was initiated. Any other interruption was interpreted
as atimely interruption.

Asker@ Game

The Asker receives an article divided in paragraphs with 4 missing words per
paragraph. (S)he has to fill in those missing words scoring points for each correct
answver entered. The correct ansver hasto bechosen from alist of synonyns. Dif-
ferent words have different number of synonyns to choo% from: some have one
synonymand one correct word while others have four synonymns and one correct
word to choo% from. The word with onesynonymand onecorrect word scores 2
points, while a word with four synonyns and ore correct word scores 5 points.
The Asker can confirm the chosen word with an assigned Helper who has access
to the complete article, but who is busy playing another game. The Asker can
check Helper® progress by recalling the awareness display.

Figure 2 shows the Asker@ screen that is divided in two areas. Thelower area
contains the consecutive paragraphsof the article with missing words and a form
to enter the chosen answers, with a MextObutton to submit the words and move
to the next paragraph. The uppe area contains (from left to right) aform for send-
ing questions a timer and two buttons the @Progress DisplayOand the @ption
Display® The &end QuestionGorm is condructed out of alist with four numbers
tha represent the four lines containing missing words and a text field to enter the
chosen word. The Asker sends a question by pressing the @ sk HelperObutton.
The reaction of the Helper is shown at the same place on the screen and can be
removed by ugng the @loseObuton. The timer counts down the time for each
roundin minutes except the last minute, which is counied in seconds The @ption
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DisplayObutton activates for 10 seconds the list with synonyns of al missing
words The @rogress DisplayQectivates for 10 secondsthe awareness display of
the Helpar® task and time progress. The task bar represents the task progression
with each block representing one of the 6 items to befilled in by the Helper and
the time bar representing time progresson with each blodk representing 10
elapsed seconds of each Helpe@ question (see: Figure 1). The awareness display
isupdaed every 10 secondsand reset once the Helper receives a new question.

Yes, in line #2 ‘middle’ is the correct word LINE 2: far - middle
LINE 4: pressure - influence - tension
Close LINE 7: structure - power - thinking - organization

LINE 9: peace - order - calm - stabilization - structure

Task bar:
EEEOOO
Time bar:
mOoodn
SEND A QUESTION
guess word select line v = ahioald 8
| [ Helper synomym progress minutes
ONE WORLD, TWO CIVILIZATIONS - PART 1
1. As a foreign correnpondent R. Kapuscinski covered civil wars in Africa,
2. Latin America and ... [2] East for twenty years.
3. In times of crisis the importance of the individual is minimized because of MISSING WORDS
4. the ... [3] caused by big forces. Big forces involve the interests of the whole. NERD
5. Big forces mean a big mass and a big mass means the removal ’7
6. of the individual. It means the neglect, the non-importance, of the individual. middle|
7. Through manipulation and mass ... [4] the individual becomes only LINE 4:
8. an element of the big social forces, without a name and without hope.

9. This has been the danger of the 20th Century. In a country with internal ... [5],

10. in a stable society, there is a feeling that the space ahead is open. LINE 7:
11. There is hope. One can pronounce his hopes and express himself because

12. he's an individual. That's not true in a situation of crisis and instability.

13. In a large demonstration, or in a large crowd, a person sees that

14. he doesn't count. He is lost completely. He sees that his spirit has no meaning.
15. He is a machine to march, to move, to fight.

LINE 9:

NEXT >>

Figure 2. Asker® screen D the upper area contains of: (1a, 1b) the form to ask questions and re-
ceive answers from the Helper, (2) the timer, (3) the button activating the awareness display and
(44, 4b) the button with optional words to choose from; the lower area contains of: (5) the article
and (6) the fields to enter missing words with a button to submit them.

Helper@ Game

The Helper has to answer ten trivia questionsby listing 6 related items (e.g., Qist
six European capitalsQ and has 1 minute per question. Each consecutive answer
scores more points (so the first answer scores 1 point and the sixth scores 6
points). After 1 minute anew questionis displayed.
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NEW QUESTION: 3 points
Do you want to:

Answer Reject

Is the word ‘middle’ in line 2 correct?

®YES

© NO Send
answer

LIST SIX FAMOUS ITALIAN DISHES:
Task bar:

I y h bmit b
:netT:'Eke';’yrics:sstubemsitI er:tI::l ol;t;g:'n? ;nswers: 8 . . - D D D
Time bar:
SUBMIT - D I:] D D
1. PIZZA
2. SPAGHETTI
3. CARBONARA

Figure 3. Helper® screen D the upper area contains of: (1) the question from the quiz, (2a) the
notification of the new question from the Asker replacing the quiz question, (2b) the form to an-
swer the Asker® question, (3) the timer and (4) the awareness display; the lower area contains (5)
alist of answers submitted to the quiz question.

Figure 3 shows the Helper® screen that is also divided in two areas. Theuppe
area displays the quiz questionsand provides a textEfield wherein the six answers
should be entered, a timer and the awareness display representing Helper@ own
progress bar. In the lower area the list of submitted answers is displayed. When
the Asker@ question arrives, the uppe area changes so that two butons replace
the quiz: Qnswer’ and @ejectO If the Helper chooses to reject then the quiz is
reactivated and the Asker receives an sk later’ reaction.

If the Helper decides to answer, thelower area of the screen is replaced by the
same paagraph that the Asker sees with lines numbered and missing words
marked in brackets. The uppe area is replaced by the Asker@ question (e.g., Is
@arthGthe correct word for line 27). The Helper can either answer QresQ if the
selected word is correct or QoQis theword is incorrect. Optiondly, (S)he can en-
ter the correct word in the text field bdow, thusproviding (with some extra ef-
fort) ahighbvaluerespons.
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Results

Thefirst hypothesisin this experiment predicts tha playersin the Team condition
will tend to display altruistic interruption behaviour regardless the system they
use. The second and third hypotheses assume tha players in the Group condition
will display altruistic interruption behaviour only if additiond system filteringis
adddal to shield interruptees from untimely interruptions In Table |1 we provide
an overview of the eight dependent variables concerning all examined interrup-
tion behaviours. We have clustered them according to whether they pertain to
time or content criteria. It is important to note that for smplicity we only report
the results regarding the altruistic behaviours. We do so because (i) a relatively
small number of individualistic behaviours was found meaning tha no significant
differences between conditionswere observed, and (ii) the individualistic behav-
iours followed a patern consistent with our hypotheses, and reverse to thealtruis-
tic behaviours discussed bdow, so they do not add any extra ingghts to our dis-
cussion.

ASKERS HELPERS

Dependent variables for time—related altruistic and individualistic behaviours

Timely interruption: interrupting whenpro-  Timely reaction: acepting of thein-
gress barsshow task being equal or aheadof ~ coming interruption.
time.

Untimely interruption: interrupting when Untimely reaction: rejecting the incom-
progress barsshow time being aheadof tak.  ing interruption.

Dependent variables for content—related altruistic and individualistic behaviours

HighBbvalue quedion. aking about aword HighBbvalue regponse: providing the
that scores4 and 5 points. OnGarswer and the correct word if the
AskerOguess wasincorrect

Lowbvalue quedion: aking about aword Lowbvalue response: providing MNoO
thatscores2 or 3 points. arsweronly if the AskerOgjuess was
incorrect

Table 11. Dependent variables for AskersGand HelpersOtime and contentErelated behaviours used
in the experiment

Testing the hypoheses

The three hypoteses as stated in section 3.1 were tested usng twobway mixed
subjectsOANOVA, with two independent variables (1 within and 1 between sub-
jects). We tested each hypohesis separately for Helpers and Askers, both for
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timebrelated and for contentErelated dependent variables. Figure 4 shows the
graphical representation of the obtained results with four graphseach showing the
number of altruistic behaviours in each given case. For example, the graphin the
uppe right hand shows the number of timely interruptionsinitiated by Askers,
thusthoe interruptionstha were initiated when the progress bar showed the task
progression was equd or ahead of time progress.

Automatic

Askers' altruistic Automatic

content-related behaviour

Askers' altruistic

Manual time-related behaviour — ___ Manual
wn 10 10
S » 98
=g s
e g ® Pt
§ g 79 S
E — =1 ks w7
% 7 71 = 7
= / 3 /
- ()
> B 8 A1
g) X E
T 4 i 5

Group

Helpers' altruistic
content-related behaviour

Team

Automatic

m— Manual

Group

Helpers' altruistic

Team

Automatic

time-related behaviour === NManual
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Figure 4. A graphica representation of the results of the quantitative analysis. Results are pre-
sented separately for Askers and Helpers, for both their timebrelated and their contentErelated
behaviours.

Hypothesis 1 stated tha in all cases, thusfor al four dependent variables,
players in the Team condition would show more altruistic behaviours than play-
ers in the Group condition. A graphical ingpection of the daa shows that for the
altruistic measures presented in Figure 4 players in the Team condition indexd
scored highe than players in the Group condition. This should result in a signifi-
cant main effect of thesodal condition, which is not the case. However, themain
effect of the sodal condition on AskersGtimely behaviours is not significantly but
indicative, F(1, 28) = 3.228 p = 0.083 Thisis a0 truefor the effect on HelpersO
contentErelated behaviour, F(1, 28) = 3,571, p = 0.069. Since the sample size of
our experiment was relatively low to test this twobway modd, we believe tha a
clearly visible overal trend in the graphical representation of the data confirm
hypothesis 1.
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Hypothesis 2 stated that players usngthe Automatic system would show more
altruistic behaviours than players usng the Manual system. From the graphsin
Figure 4 it is visible tha this is the case for all four of our dependent variables.
For AskersOtimeErelated behaviour the main effect of system is significant, F(1,
28) = 4.388, p < 0.05; Askers in the Automatic system initiated on average 8.7
timely interruptions while Askers in the Manual system initiated on average 7.5
timely interruptions For the other three dependent variables the main effect of the
system is not significant at 0.05 level. This lack of significance is agan mog
probably dueto the relatively low sample size of the experiment. Since a graphi-
cal ingection of the daa clearly shows themain effect of the system type, we be-
lieve tha we can validly accept hypothesis 2 or a least confirm that there is a
clear indicative trend towards the positive effect of the Automatic system on peo-
plesQnterruption behaviours.

Hypothesis 3 stated tha the postive effect of the system type thusthe higher
number of altruistic behaviours in the Automatic system would be stronge in the
Group condition. This hypothesis refers to an interaction effect between the sys-
tem type and the sodal condition. Graphically this would result in converging or
diverging lines in the graphsin Figure 4. In al four cases, theinteraction effect is
not significant. This experiment did not show tha the effect of the system type
was different for the different sodal conditions Thus we condudetha we have
failed to find evidence to suppot hypothesis 3. In order to take a closer look into
the collected data regarding the hypotesis 3, we aso andysed individud behav-
ioural differences in the Team and Group conditionswithin each system. We ran
indgendent samples TBT est to see whether the system shows an effect on altruis-
tic behaviours separately for each sodal condiion. It is interesting to mention a
difference in the effect of the system on the altruistic behaviour of Askersin the
Group condition tha isnot presentin Team condition (Automatic—-Group M =
7.8; Manual-Group M = 6.07; t(14) = 2.284,p < 0.05). However, the manipula-
tionsin our experiment were not strong enoughto clearly show this interaction
effect in the full twobway modd. This result is by no means a sufficient evidence
to suppot Hypothesis 3, however it opens a discussion about the potential influ-
ence of the system on behaviours in the group condition (see the discussion sec-
tion).

Quditative results

Statements (212) from six focus group sessionsconduded with paticipants at the
end of the experiment were audio recorded and transcribed with a notification
whenever they were made by Askers or Helpe's from eithe the Team or the
Group condition. Next, passages describing participantsObehaviours and motiva-
tionsfor each individud behaviour were extracted for further andysis (85 state-
ments). These passages were codel by two independent code's according to
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whether they described participantsOtime or contentbrelated behaviours and also
according to comments abouteither the Manual or the Automatic system. Related
statements within each group were clustered togeher, so tha the differences be-
tween variousmotivations could be seen. Thefind step in theanalysis was to re-
connect theemerged clugers with daafrom thelogsand examine how they relate
to the quantitative results.

AskersOmotivationsfor different interruption behaviours

Askers motivated initiating timely interruptionsbased on ther individud and so-
cia concerns Theindividud concern represented willingness to avoid rejection
or to avoid waiting for Helper@ answer. The soda concern addressed willingness
to avoid interrupting Helpers at wrong moments.
Team: QWith the first (Automatic) system, you check progress bars more often because you
want to ask the question only when it is useful to avoid rejection.O

Team: On this first (Manual) system | would check the progress bars and see if he had alot of
time left and then | would start asking.O

Group: Q looked at the progress bars all the time, it has helped me to develop my strategy
when to ask and have high chances not to be rejected.O

Group: CE if the time bar were ahead of the task bar | would not ask any question. | was wait-
ing a bit, checking again and if the situation didn@® change, | would not bother him.O
Interestingly, some Askersreported tha the Automatic system relieved them of
thar soda responsbility towards Helpes. They tended to check the progress
barsless frequently and kept asking whenever necessary knowing that the system
would notify them each time the interruption was untimely. In some cases, they
checked the progress bars after interrupting to verify their chances for receiving a
timely reaction. In the case of rejection, they would frequently perceive the Qisk
Later’ reaction to be provided by the system and not the Helper (even if some-
timesit was notthecase).
Team: (But the second time (Automatic) | just asked whenever | felt like it because | knew that
I would be rejected by the system if he was too busy. So, | |et the system decide for me.O
Group: Qn the other (Automatic) system | kept on sending questions because | knew that if
timing was wrong, the system would deal with it. And | didn@mind the system refusing me.O
Askers motivated initiating highBgudity interruptions as a way to improve
thar score. They often decided to guess lowBqudity questionsthemselves since
the eventud loss of points was limited and they did not want to waste time wait-
ing. They also tendad to ask highbgudity questions when they perceived highb
pressure in the Helper@ game or if they wanted to avoid beng toointrusve.
Team: Q didn® want to wait for easy answers. So, | just started with the difficult ones, which
gained more points and then put the rest in, while | was waiting for the answers.O

Group: O got rejected on the third question and then | decided: | am not bothering him with
any questions except from the most difficult onesQ
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HelpersOmotivationsfor different interruption behaviours

Helpers perceived tha thar availability was not well assessed either by the sys-
tem or the Askers. They noticed that whenever they had ample time they would
not receive interruptions while when they were rather busy with their own game,
interruptons would feel to be more frequent. In the Automatic system, Helpers
reported feeling unable to hdp Askers at times when they got blocked on ther
own quiz game. Some Helpers started deceiving the system by putting bogusan-
swers to simulate progress in the quiz. Neverthdess, when Helpers were perform-
ing well, they appreciated the protection of the Automatic system alowing them
to first complete ther own task and attend Asker@ requests | ater.

Team: OAt some point in the (Automatic) game | knew only three answers. So, | couldn® do

anything anymore and | knew that the system wouldn@ be sending any questions.O

Team: QWVith the second (Automatic) system | [E] felt| can at least finish my thoughts and as
soon as| am done | can help.O

Group: Of | didn® know anything about the question, so | thought: Qe aready lost this one,
| will at least help her®.. So, | had more control over the game with the first (Manual) system
than with the second (Automatic).O

Group: QVith the second (Manual) system | felt | was getting more questions. With the other

one (Automatic) the questions came when | had ample time to answer them.O

For some Helpers highbqudity questions had highe priority than ther own
quiz game, while lowBqudity questionshad not

Team: QVith 5Bpoint questions, | knew that no matter what | do, | could score only one extra

point. So, it was definitely worth answering him.O

Team: OAt some point | got a question, which had only few points and | thought: | am going to

gain more points with my answers than this one, so | rejected.O

For others providing highbgudity answers was a way to optimise ther per-
formance (not giving the right answver would inarease chances of receiving the
same question again) or a method to show the pressure of thar own game. Pro-
viding highbqudity answers were for some Helpers a way to bdance ther inabil-
ity to hdp at al times.

Team: Q would check how many points the word was scoring. If it had more points than 2

then it was worthwhile for meto type in the whole thing, even if I missed my answer.O

Team: Q thought it® just a waste of time to say OoOonly. Then you get the same question

again [E] Itisjust easier to give the answer.O

Group: Orhen | answered the next questions putting the correct word but after that | felt more
pressure and then | answered only 3o0O

Discussion

The quantitative results of our experiment provide a confirmation of hypothesis 1
showing tha playersin the Team condition (shared god) presented more altruis-
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tic behaviours than players in the Group condition (norBshared god). These re-
sults confirm findings of prior works and extend them by showing tha inter-
ruptees display smilar interruption behaviours to thos presented by interruptors.
Furthermore, our results suggest a postive effect of the Automatic system on
peoplesOinterruption behaviour confirming hypothesis 2. Findly, we could not
find evidence to eithe accept or reject hypothesis 3 Dthere was no visible effect
of the system typetha over thetwo different sodal conditions

Althoughwe readlize tha the crudeness of the automation algorithm was a very
simple scheme meant only to make sense in the experimental setup our resultsin
fact represent a broader context, which we would like to elaborate further on.
Specifically we would like to explain the outcome of Hypothesis 2 based on our
quditative findings Sodal interactionsare dynamic and, even in our case where
static teamBgroup relationships was defined between theinterruptor and the inter-
ruptee, the two actors did not aways act in an equdly straightforward way as a
team or as a group. Looking closer into the effects of the Automatic system we
congder it as a system protecting the interruptees and at the same time punishing
the interruptors for imprope timing of ther interruptons We use the notions of
protection and punishment 10 trandate our results into design implications We
arguetha these effects put to an individud level the cods assodated with differ-
ent interruption behaviours. We cannot condude tha an Automatic system lead
people to feel more consderate towards ther patners. Nonghdess, we bdieve
that paticipants behaved in a less individudistic manneg mainly because they
perceived theindividud cods of ther actionsas more conequential comparing to
ther codsin the Manual system.

Askers assodated cods with the way the Automatic system handled interrup-
tions, namely tha unimely interruptions were automatically rejected. As hy-
pothesized, the Automatic system did not impact the behaviour of TeambAskers,
who timed their interruptionswell. On the other hand, it forced GroupPAskers to
be more congious about timing ther interruptions as a way to reduce the rejec-
tion ratio and to minimize time spent waiting for the Helper@ respons. At the
same time the Automatic system made Askers feel relaxed to interrupt at any
moment based on the knowledge that whenever they cho the interruption mo-
ment badly, the system would reject them automatically and the Helper would be
in no way affected by their poor choice. Moreover, no cods were clearly assod-
ated with providing a wrong answer in the AskersOgame, thusin both sodal con-
ditions Askers showed to be little motivated to initiate interruptions tha could
bring lowbvaluefor either them indvidudly or for the team and to be highly mo-
tivated to limit interruptionsto only those with high score. A question, however,
remains wha would have happened if there was a cos assodated with giving a
wrong answer and how such a cost would have affected AskersObehaviours in
both soda conditions
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Similarly, Helpers saw the cods of providing lowbvalue responses because of
the high probability of beng interrupted with the same question agan. Once
Helpers in both soda conditions had decided to accept the interruption they
tended to providea comprehensve rathe than aparssmoniousrespon.

Interestingly, HelpersOpreference between the two systems depended on their
individud performance. They preferred the Automatic system whenever they per-
formed thar own task well; otherwise they preferred the Manual system alowing
them to use time, which they would otherwise waste, for hdping Askers.

These condusonslead to design implicationsbuilt on the notionsof: interrup-
tion cod, sodal tenson and system preference (see: Table I11). Interruptees have
demondrated the need to modify the system behaviour in accordance to thear per-
formance and so it allows them to switch from synchronousto asynchronous
communication whenever necessary. The chosen system behaviour should, how-
ever, beclearly indicated to both interacting parties, so interruptors would remain
aware of the interrupteesOchoice and could adapt ther expectations and behav-
iours accordingly. However, once the interruptee chooss for the automatic filter-
ing, switching to the asynchronouscommunication, the system should provide
interruptors with a buffer, in which they could store the content of ther interrup-
tions Such a buffer would allow releasing the socia tenson guaranteeing to the
interruptor that the interruption would reach the interruptee at an appropriate
moment.

Interruption Costs

Social Tension

System Preference

Interrupteestry to avoid
being interrupted with the
samecontent again.

Interruptors try to avoid
being idle waiting for an
inconclusive reponse.

Interruptors shift there-
sponsibility of assessing
the appropriate interrup-
tion momert to the sys-

tem.

Interrupteesprefer addi-
tional systemprotection
only whenthey perceive
that their own task is worth
to continue working on.

Design Implications

Provide mechanismsto
assign individual costs
when one behavesso-
cially inappropriate.

Provideindicabrsto
make these costs visible.

Provide a bufferto queue
untimely interruptions.

Allow interruptee to ac-
cesinterryptionsin the
buffer atany momert.

Dedgn anavailahility
communicabr, where actors
indicat whether they would
like to coordinate interrup-
tions marually or they pre-
fer auomaic interruption
filtering.

Table I11. Design implications built on the notion of interruption costs, social tension and system

preference
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Conclusions

We have presented an experimental study of interruption behaviours, in which we
have compared an automatic versus a manud approach to handle interruptons
Our findings show tha the automatic system encouraged altruistic behaviours
more than the manud system. We have also compared the behaviour of interrup-
tion actors who share a common god, versusthos whomonly dependency is po-
tential reciprocation. Consstently with prior works our results indicate tha altru-
istic behaviours are shown by interruptors who share a common god with inter-
ruptees. We have also measured that interruptees presented similar behavioural
paterns as interruptors. We did not find differences in the impact of the system
typefor thetwo sodal relationdhips

Based on the quditative andysis tha tries to explain the results of this experi-
ment, paticularly of Hypothesis 2, we have deduced a nunber of designimplica-
tions Evidences show that the behaviour of the system depends on momentEtob
moment activities of the two actors, suggesting the need for an adaptable interrup-
tion handling strategy. As an interruption bringsindividud cods to both actors a
clear indication of these cods should be displayed to them. Consistent with the
first condudon the choen strategy should be clearly observable by bath actors to
evaluae the potential cods of theinterruption.

In the next steps of this research, we shdl seek to verify the suggested design
implications by applying them in the design of technologies to suppot interrup-
tion handling of collocated collaborators.
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