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IntroductionIntroduction

Common project:Common project:
–– 16.422 Human Supervisory Control16.422 Human Supervisory Control

Influence of IM on task performanceInfluence of IM on task performance

–– MAS.630 Affective ComputingMAS.630 Affective Computing
Influence of IM on level of arousalInfluence of IM on level of arousal
AC = “AC = “How computational systems can sense, recognize and 
understand human emotions and respond”



MotivationMotivation

Instant Messaging (IM) is a collaborative Instant Messaging (IM) is a collaborative 
communication toolcommunication tool
IM enables an informal way to IM enables an informal way to 
communicativecommunicative
IM builds bridges to other mediaIM builds bridges to other media
BUT:BUT:
–– IM is a pervasive toolIM is a pervasive tool
–– IM does not provide info on people’s situationIM does not provide info on people’s situation
–– IM is intrusive and disruptiveIM is intrusive and disruptive



MotivationMotivation
Tactical Tomahawk Dual Screen Human Supervisory Tactical Tomahawk Dual Screen Human Supervisory 
Control InterfaceControl Interface

Tactical Tomahawk IM
Interface

A researh recently conducted by Pr. Missy Cummings on the Control Interface for the new retargetable Tomahawk missile involved instant messaging as a tool to 
measure situational awareness. During this study, most of the subjects tended to focus too much on the chat interface, instead of monitoring their primary task. 
Therefore, it is of interest to find out if the disruptiveness of IM is such that it impairs performance.



MotivationMotivation

IM = series of discrete eventsIM = series of discrete events
Repeated discrete interruptions modify Repeated discrete interruptions modify 
alertness / level of arousalalertness / level of arousal
Level of arousal = “how awake I am in Level of arousal = “how awake I am in 
response to an emotional stimulus”response to an emotional stimulus”
Alertness = “how much I am prone to give Alertness = “how much I am prone to give 
a quick response”a quick response”



Experimental DesignExperimental Design

6 subjects6 subjects
Play ATC Play ATC simsim game game 
(primary task)(primary task)
Respond to IM Respond to IM 
(secondary task)(secondary task)
Protocol:Protocol:
–– Basic rulesBasic rules
–– Live demoLive demo
–– QuestionsQuestions
–– ExperimentExperiment



Experimental DesignExperimental Design

Experiment configurationExperiment configuration
Skin Conductivity Response Skin Conductivity Response 
(SCR) measurement device: (SCR) measurement device: 
GSR (Galvanic Skin Response)GSR (Galvanic Skin Response)

Skin conductivity was recorded using a galvanic skin response (GSR) measurement device disposed on the subject's left hand (if right-handed, right hand if left-
handed), which was to remain motion less over the entire experiment. Here is a picture of the GSR .The skin conductivity signal was sent to the experimenter's 
computer using Bluetooth technology, and Python interpretation code.



Experimental DesignExperimental Design

3 independent variables:3 independent variables:
–– Gender (M/F)Gender (M/F)
–– Workload (low/high) = #planes (4/12)Workload (low/high) = #planes (4/12)
–– Flow of IM (none, low, high) = relevant questionsFlow of IM (none, low, high) = relevant questions

3 dependent variables: Score, Time delay, SCR3 dependent variables: Score, Time delay, SCR
6 6 scenariiscenarii Low WLLow WL High High 

WLWL

No IMNo IM 11 44

Low IMLow IM 22 55

High IMHigh IM 33 66

This specific order was determined by a pilot study: since the game automatically shuts down when a collision occurs, it was preferable to avoid collisions as much 
as possible, therefore increasing the difficulty progressively, wich is the case with this protocol.



Experimental DesignExperimental Design

Workload was controlled by the number of planes (4 planes for the low workload case, and 12 planes for the high workload case). Following are successive caption 
of scenarios with 4 and then 12 planes. 
Flow of instant messages was subjectively controlled by the experimenter: no IM in the "no IM" case, an IM every minute or two in the "low IM" case and a 
constant flow of IM during the "high IM" situation. Each message consisted in a question relative to the current situation in the game. Here is a sample of 
questions asked:



ResultsResults
Score/(max score) = performance on scenario Score/(max score) = performance on scenario 
Delay = average delay over scenarioDelay = average delay over scenario
Skin Conductivity = phasic + tonic componentsSkin Conductivity = phasic + tonic components

SCtRSCtR::
–– TonicTonic
–– BaselineBaseline

SCpRSCpR::
–– PhasicPhasic
–– ChangesChanges

The ratio of the first two gave the task performance.
Time delays were averaged to give an average time response for each scenario. Even if the questions were of variable difficulty, the proportion and occurence of 
easy and more difficult were conserved during the different scenario. This measure can therefore be interpreted as a global amount of time allocated to the task of 
responding to the IM. Maybe a better way to quantify time response would be to average time delays over the 4 or 5 most difficult questions.
From the skin conductivity response, two values were quantified for each scenario:
- SCtR: skin conductivity tonic response (which corresponds to the overall, global level of conductivity, typically from 0 to 10 microSiemens);
- SCpR: skin conductivity phasic response (which corresponds to the fast variating responses to particular events, ranging from 0 to 0.1 microSiemens).
In this experiment, SCpR was averaged among all the particular distinctive responses. In the scenarii with no IM, SCpR corresponded to the influence of the game 
and its particular events; whereas it corresponded to the impact of the game and of the incoming IM in the scenarii with IM. SCR is shown here in microSiemens. 
Nevertheless, in order to perform the statistical analysis, the direct output of the GSR measurement device was used. It is given by the linear relation:
GSR_output=6.55x108 x Skin_Conductance.



Analysis / DiscussionAnalysis / Discussion
SCtRSCtR
–– Data not normally distributed: 1 subject with abnormally high skData not normally distributed: 1 subject with abnormally high skin conductivity in conductivity 

(> 16 (> 16 microSiemensmicroSiemens). Subject removed.). Subject removed.
–– Multiple ANOVA: only IM flow (p<0.014, with 0.727 of power) signMultiple ANOVA: only IM flow (p<0.014, with 0.727 of power) significant ificant 

influence on the tonic response:influence on the tonic response:
IM is VERY intrusive: it modifies the component associated to moIM is VERY intrusive: it modifies the component associated to mood and overall od and overall 
emotional stateemotional state

–– Correlation tests: Correlation tests: SCtRSCtR positively correlated with positively correlated with SCpRSCpR (p<0.01)(p<0.01)
The higher the tonic component is, the bigger the phasic modificThe higher the tonic component is, the bigger the phasic modifications will be.ations will be.
In this situation, people with high tonic response will have a tIn this situation, people with high tonic response will have a tendency to respond even endency to respond even 
more to interruptionsmore to interruptions

SCpRSCpR
–– Multiple ANOVA: IM flow (p<0.005, with 0.883 of power) and worklMultiple ANOVA: IM flow (p<0.005, with 0.883 of power) and workload oad 

(p<0.003, with 0.908 of power) affect the phasic response.(p<0.003, with 0.908 of power) affect the phasic response.
–– PostPost--hoc analysis: difference between no IM and high IM is extremely hoc analysis: difference between no IM and high IM is extremely significant significant 

(p<0.004).(p<0.004).
–– Correlation tests:Correlation tests:

# # SCpRSCpR inversely correlated with score (p<0.002inversely correlated with score (p<0.002
Subjects performing well showed less skin conductivity variationSubjects performing well showed less skin conductivity variation. . 

# # SCpRSCpR positively correlated with time delay (p<0.022)positively correlated with time delay (p<0.022)
subject delaying responses to IM had higher phasic components (ssubject delaying responses to IM had higher phasic components (stress, anxiety…)tress, anxiety…)

Statistically significant results:



Analysis / DiscussionAnalysis / Discussion
DelayDelay
–– Multiple ANOVA: no statistical result appeared.Multiple ANOVA: no statistical result appeared.
–– Correlation tests: delay inversely correlated to score (p<0.012)Correlation tests: delay inversely correlated to score (p<0.012)..

Subjects performing well on the game (high scores) have more timSubjects performing well on the game (high scores) have more time to e to 
answer the IM, and thus have shorter delays.answer the IM, and thus have shorter delays.

ScoreScore
–– Data not normally distributed: almost all subjects at 100% for Data not normally distributed: almost all subjects at 100% for 

easiest scenario (data skewed to the right). Scenario 1 removed.easiest scenario (data skewed to the right). Scenario 1 removed.
–– Multiple ANOVA:Multiple ANOVA:

workload is a significant factor (p<0.005, power of 0.869)workload is a significant factor (p<0.005, power of 0.869)
IM is a significant factor (p<0.028, power of 0.620)IM is a significant factor (p<0.028, power of 0.620)
gender*IM is also significant (p<0.037, power = 0.568)… gender*IM is also significant (p<0.037, power = 0.568)… 
…but gender itself is not significant (p=0.581).…but gender itself is not significant (p=0.581).

Statistically significant results:



DiscussionDiscussion

IM influences tonic responseIM influences tonic response
IM and WL influence phasic responseIM and WL influence phasic response
Tonic and phasic responses are positively correlatedTonic and phasic responses are positively correlated
Phasic response inversely correlated to scorePhasic response inversely correlated to score
Phasic response positively correlated to delayPhasic response positively correlated to delay

>> IM is a stressing factor (despite being informal)>> IM is a stressing factor (despite being informal)
>> IM modifies mood under high pressure>> IM modifies mood under high pressure



DiscussionDiscussion

Expected results:Expected results:
–– delay inversely correlated with scoredelay inversely correlated with score
–– workload influences (badly) scoreworkload influences (badly) score

New results:New results:
–– IM influences (badly) scoreIM influences (badly) score
–– Especially significant with womenEspecially significant with women

>> IM affects significantly task performance under >> IM affects significantly task performance under 
high workload scenariihigh workload scenarii

>> Men and women do not handle the situation the >> Men and women do not handle the situation the 
same waysame way



DiscussionDiscussion

But be careful: only But be careful: only 
6 subjects (4M, 2F)6 subjects (4M, 2F)
Women: the only to Women: the only to 
send “irrelevant” send “irrelevant” 
messages (smileys, messages (smileys, 
“ok” confirmation)
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Men tend to focus more…Men tend to focus more…
… but overall result is comparable … but overall result is comparable 
(women perform better in low IM)(women perform better in low IM)



ConclusionConclusion

Issue still needs work: more subject, more Issue still needs work: more subject, more 
control of IM disruptiveness (level of control of IM disruptiveness (level of 
difficulty of questions, rhythm…)difficulty of questions, rhythm…)
Even if IM not answered, still influence Even if IM not answered, still influence 
behavior (alert sound, expectations, stress behavior (alert sound, expectations, stress 
of not answering…) and task performanceof not answering…) and task performance
Better design of IM needed: SA indicator Better design of IM needed: SA indicator 
would be recommendedwould be recommended



ResourcesResources

http://courses.media.mit.edu/2004spring/mas630/04.projects/sbrunhttp://courses.media.mit.edu/2004spring/mas630/04.projects/sbruni/index.htmli/index.html

Literature reviewLiterature review
PresentationPresentation
Final PaperFinal Paper
GSR Socket (Python) fileGSR Socket (Python) file

Questions? Questions? 
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