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Abstract.  Despite being an informal, collaborative way to communicate, Instant Messag-
ing (IM) remains a pervasive tool. Repeated discrete messages can be unwelcome, and 
the current technology does not allow for situation awareness information about the re-
cipient of the messages. Therefore, concerns are that IM might be disruptive enough to 
impair performance on concurrent tasks. In this experiment, subjects were exposed to six 
different scenarii of an Air Traffic Control simulation game while answering instant mes-
sages. Each scenario combined two levels of workload (low and high) and three levels of 
flow of IM (none, low, high). Performance and time to respond were recorded, as well as 
skin conductivity, physiological parameter linked with level of arousal. Workload and 
flow of IM where shown to reduce performance. Whereas gender does not have a global 
influence on score, women are less robust to IM interruptions, especially under high pres-
sure. As expected, time delay was inversely correlated to score. It also turned out that IM 
modified the skin conductivity response component associated with mood and overall 
emotional state. IM and workload have a significant impact on subjects' anxiety, which is 
also correlated positively with time delay and inversely to score. These results call for a 
better design of chat interface and a better management of instant messaging. 
 
 
 
 
Introduction 
 
Instant Messaging 
 
More than 60 million users have regis-
tered to the AOL Instant Messaging (IM) 
services (Andrews 2001) and the in-
creasing number of available IM clients 
makes this communication technology 
one of the most popular and expanding. 
Companies use IM professionally, for 
communication between teams located 
in different sites (Tang, Yankelovich and 
Begole 2000). The military also use IM 
as a collaborative, real-time, informal 
communication tool (Cummings 2003). 
Nagel (2002) refers to IM as a computer 
mediated conversation that allows dis-
tributed collaboration. All these ways to 
use and definitions are consistent with 

very recent research that proved that in-
formal communication facilitates col-
laborative work tasks (Huang, Russel 
and Sue 2004). This is in part explained 
by the IM being flexible and expressive 
(Nardi, Whittaker and Bradner 2000).  
 
But IM is pervasive, in the sense that its 
operational structure can lead to unwel-
come distractions: the immediacy of 
contact permitted by IM can go against 
the recipient's need for privacy (Deck-
myn 1999). Therefore, automatically 
popping-up windows are both visually 
disruptive and socially aggressive. In-
deed, the lack of a transition or an intro-
duction phase for a proper, polite initia-
tion of conversation prevents IM from 
following standard social rules. In other 
words, IM is disruptive because of the 



absence of direct verbal feedback, as in 
real conversations (Tang, Yankelovich 
and Begole 2000). 
 
IM gives the users "a sense of ultra-
compressed time, and foreshortened ho-
rizons" (McKenna 1997). Some IM us-
ers integrate this as an additional time 
constraint, that increases time pressure: 
they feel required to adapt to this high-
pace time pattern generated by IM. Past 
experiments have proved that primary 
tasks performed under consequent time-
pressure, are significantly degraded 
(Cellier and Eyrolle 1992). 
 
Performance 
 
Cummings and Guerlain (2003) con-
fronted an interface problem during their 
experiments: subjects tended to focus on 
the IM chat box interface, while leaving 
their primary task, which led to their loss 
of situation awareness and a degradation 
of performance. Moreover, in the case of 
ATC and pilot communication, such in-
terruptions have been shown to affect 
considerably performance on both sides, 
and thus to affect the overall safety (La-
torella 1998). 
 
Several past studies have also showed 
that vigilance level in human supervi-
sory control tasks dropped deeply during 
the first thirty minutes of watch in a 
phenomenon referred to as the vigilance 
decrement (Mackworth 1948; Harris and 
Chaney 1969; Parasuraman 1986). 
Therefore, it is legitimate to think that 
IM, simultaneously with the unavoidable 
vigilance decrement, can have a ten-
dency to worsen it, by interfering with 
ongoing cognitive workload. Workload 
refers to the "cost of accomplishing task 
requirements for a human involved in a 
man-machine system" (Hart and Wick-

ens 1990). With this in mind, IM can be 
thought as interruption processes that 
sneak into the current workload. There-
fore, interruption management should be 
of primary concern in traditional task 
management processes. Latorella (1998) 
defines interruption management as the 
ability to "attend appropriately to and to 
accommodate new, interrupting stimuli 
and tasks". 
 
Interruptions that occur after important 
tasks or between non-dividable subtasks 
are less harmful (Czerwinski, Cutrell and 
Horvitz 2000). This is consistent with 
the "chunking behavior" initially intro-
duced by Miyata and Norman (1986): 
tasks consist in a succession of subtasks 
or chunks that cannot be individually in-
terrupted. The user first finishes the cur-
rent task chunk before switching to the 
interruption. 
 
Therefore, with the increasing use of in-
stant messaging as a communication tool, 
concerns have raised that it was disrup-
tive enough to degrade one's perform-
ance on concurrent tasks. 
 
Level of Arousal 
 
IM can be considered as a series of dis-
crete events. Therefore, it can be ex-
pected that these repeated discrete inter-
ruptions modify alertness and/or level of 
arousal. Level of arousal is understood 
here as “how awake [the subject is] in 
response to an emotional stimulus”, and 
alertness as “how much [the subject is] 
prone to give a quick response”. Level of 
arousal is usually measured through skin 
conductivity. 
 
The skin conductivity response consists 
of two components: the tonic and phasic 
(Boucsein 1992). The tonic component 



is slow moving, oscillating over the 
course of days, whereas the phasic com-
ponent is fast moving, and spikes 
sharply when a person is startled, and 
generally increases when a person is 
psychologically aroused. 
 
In other words, the tonic component of 
the skin conductivity response corre-
sponds to the overall mood, whereas the 
phasic component  corresponds to the 
anxiety or stress felt in result to a par-
ticular situation. 
 
In the following experiment, it is hy-
pothesized that instant messaging will 
decrease overall performance (decrease 
score, and increase time delays), as well 
as increase the phasic component of the 
skin conductivity response. It is expected 
that workload has the same influence. 
 
 
Methods and Experimental Design 
 
The goal of the present experiment is to 
observe the impact of three independent 
variables (gender, workload, flow of IM) 
on three dependent variables (perform-
ance, time delays, skin conductivity re-
sponse). 
 
6 subjects were involved in this experi-
ment. They underwent a series of 6 dif-
ferent scenarii consisting in playing an 
Air Traffic Control (ATC) simulation 
game (Air Command 3.0, Shrapnel 
Games) while responding to incoming 
instant messages (through an MSN Mes-
senger 6.1 chat interface). The instruc-
tion was made clear: the subjects were 
required to play the game and consider it 
as their primary task, and respond to in-
stant messages when they could (secon-
dary task). 
 

They were first explained basic knowl-
edge on how to play the game as well as 
the rules to follow, and then shown a 
demo to see a live example of a simula-
tion scenario. Figure 1 shows a caption 
of the ATC simulation game interface. 
 

 
Figure 1. Caption of the ATC simulation game 
interface (Air Command 3.0, Shrapnel Games). 
 
The game was available on an independ-
ent laptop computer. A second computer 
was used to provide the chat interface 
(Figure 2). 
 

 
Figure 2. Subject during an experiment. Left 
computer is dedicated to the ATC simulation 
game, right computer to instant messaging. 
 
During the experiment, score at the 
game was recorded, as well as maximum 
possible score. In addition, time delays 
for responses to the instant messages 
was made available by the historical list-
ings of MSN Messenger 6.1. In order to 
measure level of arousal, skin conductiv-



ity 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 mo tionless over the 
entire experiment. Figure 3 shows the 
GSR device. Two electrodes placed at 
precise locations on the hand allowed for 
the measurement of skin resistance. The 
electrodes were linked to a small elec-
tronic circuit, transforming skin resis-
tance into skin conductivity.  
 

 
Figure 3. The Galvanic Skin Response meas-
urement device connected on a subject's left 
hand. 
 
The skin conductivity signal was sent to 
the experimenter's computer using Blue-
tooth technology, and a Python 
interpretation code. 
 
The 6 scenarii played combined two lev-
els of workload (low and high) and three 
levels of flow of IM (none, low, high). 
Workload was controlled by the number 
of planes (4 planes for the low workload 
case, and 12 planes for the high work-

load case). Figure 4 shows a caption of a 
scenario with 4 planes, figure 5 shows a 
caption of a scenario with 12 planes. 
 

 
Figure 4. Caption of a scenario with 4 planes. 
 

 
Figure 5. Caption of a scenario with 12 planes. 
 
Flow of instant messages was subjec-
tively 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 situa-
tion in the game, such as: "How many 
planes will land at JFK?"; "What is 
flight AA952's altitude?"; "Where is go-
ing flight IB34H?". When an IM was re-
ceived, the subject could hear a charac-
teristic tone. 
 
The order of the scenarii was the same 
for all subjects: 
 



1- low WL - no IM 
2- low WL - low IM 
3- low WL - high IM 
4- high WL - no IM 
5- high WL - low IM 
6- high WL - high IM 
 
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, which is the 
case with this protocol.  
 
Measurements 
 
For each of the 6 scenarii, 4 measures 
were taken: 
- score on the scenario; 
- maximum score possible for the sce-
nario; 
- time delays to respond to the IM (ex-
cept in the scenario with no IM); 
- skin conductivity. 
 
The ratio of the first two gave the task 
performance, in percentage. 
 
Time delays were averaged to give an 
average time response for each scenario. 
Even if the questions were of variable 
difficulty, the proportion and occurrence 
of easy and more difficult questions 
were conserved during the different sce-
narii. This measure can therefore be in-
terpreted as a global amount of time al-
located to the task of responding to the 
IM.  
 
From the skin conductivity response, 
two values were quantified for each sce-
nario: 
- SCtR: skin conductivity tonic response 
(which corresponds to the overall, global 
level of conductivity, typically from 0 to 

10 microSiemens); 
- SCpR: skin conductivity phasic re-
sponse (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 re-
sponses. 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. Figure 6 presents a 
typical skin conductivity response. 
 

Figure 6. Typical skin conductivity response 
(SCR, in blue) with its two components: the 
tonic (SCtR, in red) and the phasic (SCpR, in 
green) components. Units are time in second and 
SCR in microSiemens. 
 
Note: in order to perform the statistical 
analysis, the direct output of the GSR 
measurement device was used. It is 
given by the linear relation: 
GSRoutput = 6.55x108 x SCR. 
 
Results. 
 
SCtR 
 
A one sample Kolmogorov-Smirnov test 
showed that the data was not normally 
distributed, because of a subject that had 
abnormally very high skin conductivity 
(more than 16 microSiemens). Therefore, 
this subject was removed for the analysis 
of skin conductivity. 
 
A multiple ANOVA was performed to 



find out the influence of gender, work-
load level and IM flow on SCtR. Only 
one independent parameter showed to 
affect SCtR significantly: IM flow 
(p<0.014, with 0.727 of power). 
 
A set of correlation tests (Pearson corre-
lation, Kendall's tau and Spearman's rho 
non parametric correlations) was per-
formed. A very significant result (p<0.01) 
appeared: SCtR had a tendency to in-
crease with SCpR, meaning that, the 
higher the tonic component is, the bigger 
the phasic modifications will be. 
 
SCpR 
 
A multiple ANOVA was performed to 
find out the influence of gender, work-
load level and IM flow on SCpR. Two 
independent parameters showed to affect 
SCtR significantly: IM flow (p<0.005, 
with 0.883 of power) and workload 
(p<0.003, with 0.908 of power). Post-
hoc analysis showed that the difference 
between no IM and high IM is extremely 
significant (p<0.004). 
 
A set of correlation tests (Pearson corre-
lation, Kendall's tau and Spearman's rho 
non parametric correlations) was per-
formed. The first very significant result 
(p<0.002) that appeared was with score: 
SCpR had a tendency to decrease when 
score increased, meaning that, subjects 
performing well showed less skin con-
ductivity variations. The second signifi-
cant result was with delay (p<0.022). 
SCpR has a tendency to increase with 
time delay: when a subject delayed its 
responses to IM, its phasic component 
had a tendency to be higher. 
 
Delay 
 
A multiple ANOVA test was run, but no 

statistical result appeared. A set of corre-
lation tests was performed (Pearson cor-
relation, Kendall's tau and Spearman's 
rho non parame tric correlations). It 
turned out that delay was inversely cor-
related to score (p<0.012). This was ex-
pected: subjects performing well on the 
game (high scores) would have more 
time to answer the IM, and thus have 
shorter delays. 
 
Score 
 
A one sample Kolmogorov-Smirnov test 
showed that the data was not normally 
distributed, because almost all subjects 
had a score of 100% for the easiest sce-
nario. This made the data really skewed 
to the right. Therefore, the data for sce-
nario 1 (with low workload and no IM) 
was removed. The remaining data was 
normal enough to perform the following 
tests. 
 
A multiple ANOVA test was performed. 
Three results came out positive: work-
load was a significant factor (p<0.005 
with power at 0.869); IM was significant 
(p<0.028 and power of 0.620) and gen-
der*IM was also significant (p<0.037, 
power = 0.568). This last result was un-
expected, especially since gender itself is 
not significant (p=0.581). 
 
Discussion 
 
These results have to be considered very 
carefully. Only 6 subjects participated so 
far in this experiment, preventing there-
fore from drawing infallible conclusions. 
Nevertheless, some trends and consid-
erations can be observed. 
 
The skin conductivity data has showed 
that: (1) IM flow influences the tonic 
component of the skin conductivity re-



sponse, (2) IM flow and workload influ-
ence the phasic component of the skin 
conductivity response, (3) tonic and pha-
sic responses are positively correlated, (4) 
the phasic response is inversely corre-
lated to score, and (5) the phasic re-
sponse is positively correlated to delay. 
 
Conclusion (1) implies that IM has an 
influence on the mood of the subject, 
which usually varies on durations of the 
order of days to months. Here, mood 
variation occurred on the order of mi n-
utes, which confirms the fact that IM is 
emotionally pervasive, especially in high 
pressure scenarii. 
 
Conclusion (2) shows that both IM and 
workload are stressing factors: this was 
expected for workload (the more the 
subject has to do, the more stress he/she 
will be). IM induces anxiety in the user 
for several reasons: being disrupted dur-
ing an important task elicits natural 
anxiety, and knowing that instant mes-
sages have been received, but are left 
unanswered, contributes to making it 
bigger. Even if the primary task is at-
tended correctly, the influence of IM is 
real. 
 
Conclusion (3) basically states that peo-
ple with high skin conductivity at rest 
will experience bigger physiological re-
actions in response to particular events. 
 
Conclusion (4) and (5) state expected re-
sults: the better a subject performed 
(high score, and  short delays), the lower 
he/she physiologically reacted (phasic 
component). The subject being in a 
peaceful state of mind was retranscribed 
in his/her physiological response. The 
other way around allows the possibility 
for detecting when an operator is in a 
difficult situation: the phasic component 

can become a characteristic alerting sig-
nal. 
 
Overall, skin conductivity tells that IM is 
a stressing factor, despite it's being in-
formal. Figures 7 and 8 show respec-
tively the SCR (GSR output) for the 
same subject in scenarii 2 and 3. It is 
quite obvious that the skin conductivity 
response is much less smooth in scenario 
3, when the flow of IM is very high. 
This shows how much the subject is 
dedicated to the task, and puts resources 
to it. The subject is then much more 
prone to react, his/her level of arousal is 
globally higher. 
 

 
Figure 7. GSR output for scenario 2 (low work-
load, low IM). 
  

 
Figure 8. GSR output for scenario 3 (low work-
load, high IM). 
 
Alerting sounds, expectations, stress of 
not answering may be potential factors 
modifying the level of arousal of the op-
erator, and distracting stimuli affecting 
attendance to the primary task. 
 
Concerning delays and scores, expected 
results showed up. Delay is inversely 
correlated with score, which is consistent 



with the experimental set up: the better 
the subject plays to the game, the shorter 
the delays will be to respond to the mes-
sages. The negative influence of work-
load on score was also noticed: the more 
difficult the situation is, the worse the 
score will be. The important results are 
that IM influences score (the bigger the 
flow of IM is, the worse the score gets) 
and this is especially significant with 
women under high flows of IM. Even 
though only two women participated in 
the experiment, it is worth noticing that 
they were the only subjects to send "ir-
relevant" messages (as smileys or un-
necessary "ok" of confirmation). Men 
tended to focus better on the primary 
task, hence the similar results in the two 
IM situations, whereas women were par-
ticularly affected by the high flow of IM 
(figure 9). However, the overall per-
formance was comparable. In addition, 
the very small sample tested is not 
enough to draw strong conclusions about 
the gender*IM effect. 
 

 
Figure 9. Mean score vs. gender, for the two IM 
situations (low flow of IM, red; high flow of IM, 
green). 
 
Conclusion 
 
Instant messaging is a wide-spread 
communication tool, but its impact on 
task performance is not well known. 

This experiment uncovered some trends:  
even if not answered, instant messages 
influence the operator's behavior and 
task performance. 
 
Indeed, IM reduces task performance, 
especially under high workload scenarii. 
However, men and women do not handle 
the situation the same way: men are 
more robust to distractions in such a 
context. In addition, it turned out that IM 
is a stressing factor whose effect is to 
modify both the overall level of arousal 
and the discrete emotional responses to 
particular events; but further investiga-
tion is needed to see if men are, in gen-
eral, more robust to modifications of 
level of arousal. 
 
If IM is to be kept as a communication 
tool in high pressure environments, a 
better design of its interface may be 
needed: for example, a situation aware-
ness indicator could be implemented. Its 
role would be to inform the IM sender 
about the level of workload or stress the 
other is undergoing. Following the ex-
periment described here, such an indica-
tor could be based on the phasic re-
sponse of the operator's skin conductiv-
ity. 
 
This issue still needs work: more subject 
have to be tested in order to draw solid 
conclusions. Especially, it would be in-
teresting to investigate more the gen-
der*IM effect, to see if it really is robust 
on a large scale. This experiment could 
also be improved with more control of 
IM disruptiveness: level of difficulty of 
questions, rhythm of flow might be sub-
factors interesting to look at. 
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SCR Figures. 
 

 
Figure 6. SCR components: tonic (SCtR) and phasic (SCpR). 

 

 
Figure 7. Scenario 2: low workload and low IM. 

 

 
Figure 8. Scenario 3: low workload and high IM. 

 



 

 
SCR for scenario 2 (low workload, low IM). Questions are in red, answers are in blue. 

 

 
SCR for scenario 3 (low workload, high IM). Questions are in red, answers are in blue. 



Data Analysis (main statistical outputs) 
 

Delay 
 

One-Sample Kolmogorov-Smirnov Test

23
16.6770
8.60092

.186

.186
-.121
.892
.404

N
Mean
Std. Deviation

Normal Parametersa,b

Absolute
Positive
Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

DELAY

Test distribution is Normal.a. 

Calculated from data.b. 
  DELAY

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

10

8

6

4

2

0

Std. Dev = 8.60  

Mean = 16.7

N = 23.00

 
 

Tests of Between-Subjects Effects

Dependent Variable: DELAY

576.476a 7 82.354 1.175 .372
4966.413 1 4966.413 70.882 .000

19.647 1 19.647 .280 .604
62.773 1 62.773 .896 .359

105.848 1 105.848 1.511 .238
169.720 1 169.720 2.422 .140

40.477 1 40.477 .578 .459
21.464 1 21.464 .306 .588

19.130 1 19.130 .273 .609

1050.992 15 70.066
8024.249 23
1627.468 22

Source
Corrected Model
Intercept
GENDER
WORKLOAD
IM
GENDER * WORKLOAD
GENDER * IM
WORKLOAD * IM
GENDER * WORKLOAD
* IM
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .354 (Adjusted R Squared = .053)a. 
 

 
Correlations

1 .140 -.180 -.513*
. .524 .410 .012

23 23 23 23
.140 1 .840** -.226
.524 . .000 .186

23 36 36 36
-.180 .840** 1 .030
.410 .000 . .860

23 36 36 36
-.513* -.226 .030 1
.012 .186 .860 .

23 36 36 36

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

DELAY

SCPR

SCTR

SCORE

DELAY SCPR SCTR SCORE

Correlation is significant at the 0.05 level (2-tailed).*. 

Correlation is significant at the 0.01 level (2-tailed).**. 
 

 



Score 
 
With all data: 

 
One-Sample Kolmogorov-Smirnov Test

36
90.3575

12.91155

.259

.228
-.259

1.552
.016

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCORE

Test distribution is Normal.a. 

Calculated from data.b. 
  SCORE

100.0

95.0

90.0

85.0

80.0

75.0

70.0

65.0

60.0

55.0

20

10

0

Std. Dev = 12.91  

Mean = 90.4

N = 36.00

 
 

Without scenario 1: 
 

One-Sample Kolmogorov-Smirnov Test

24
89.4917

12.24732

.256

.195
-.256

1.255
.086

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCORE

Test distribution is Normal.a. 

Calculated from data.b. 
  SCORE

100.0

95.0

90.0

85.0

80.0

75.0

70.0

65.0

60.0

12

10

8

6

4

2

0

Std. Dev = 12.25  

Mean = 89.5

N = 24.00

 
 
 

Tests of Between-Subjects Effects

Dependent Variable: SCORE

2075.002b 7 296.429 3.450 .019 24.147 .850
169415.932 1 169415.932 1971.494 .000 1971.494 1.000

27.331 1 27.331 .318 .581 .318 .083
926.115 1 926.115 10.777 .005 10.777 .869
499.488 1 499.488 5.813 .028 5.813 .620

25.521 1 25.521 .297 .593 .297 .081
442.382 1 442.382 5.148 .037 5.148 .568
145.673 1 145.673 1.695 .211 1.695 .232

1.408 1 1.408 .016 .900 .016 .052

1374.924 16 85.933
195660.128 24

3449.926 23

Source
Corrected Model
Intercept

GENDER
WORKLOAD
IM

GENDER * WORKLOAD
GENDER * IM
WORKLOAD * IM

GENDER * WORKLOAD
* IM

Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Powera

Computed using alpha = .05a. 

R Squared = .601 (Adjusted R Squared = .427)b. 
 

 



Correlations

1 -.513* .044 -.215
. .012 .840 .313

24 23 24 24
-.513* 1 -.180 .140
.012 . .410 .524

23 23 23 23
.044 -.180 1 .848**
.840 .410 . .000

24 23 24 24
-.215 .140 .848** 1
.313 .524 .000 .

24 23 24 24

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

SCORE

DELAY

SCTR

SCPR

SCORE DELAY SCTR SCPR

Correlation is significant at the 0.05 level (2-tailed).*. 

Correlation is significant at the 0.01 level (2-tailed).**. 
 

 
Correlations

1.000 -.368* .051 -.276
. .019 .740 .070

24 23 24 24
-.368* 1.000 -.099 .209
.019 . .509 .162

23 23 23 23
.051 -.099 1.000 .507**
.740 .509 . .001

24 23 24 24
-.276 .209 .507** 1.000
.070 .162 .001 .

24 23 24 24
1.000 -.457* .071 -.337

. .028 .740 .108
24 23 24 24

-.457* 1.000 -.181 .306
.028 . .409 .155

23 23 23 23
.071 -.181 1.000 .703**
.740 .409 . .000

24 23 24 24
-.337 .306 .703** 1.000
.108 .155 .000 .

24 23 24 24

Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N

SCORE

DELAY

SCTR

SCPR

SCORE

DELAY

SCTR

SCPR

Kendall's tau_b

Spearman's rho

SCORE DELAY SCTR SCPR

Correlation is significant at the .05 level (2-tailed).*. 

Correlation is significant at the .01 level (2-tailed).**. 
 

 



SCtR 
 
With all data: 

 
One-Sample Kolmogorov-Smirnov Test

36
4780.61

3289.073

.364

.364
-.185

2.184
.000

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCTR

Test distribution is Normal.a. 

Calculated from data.b. 
  SCTR

13000.0

12000.0

11000.0

10000.0

9000.0
8000.0

7000.0
6000.0

5000.0
4000.0

3000.0
2000.0

16

14

12

10

8

6

4

2

0

Std. Dev = 3289.07  

Mean = 4780.6

N = 36.00

 
 

Without subject 6: 
 

One-Sample Kolmogorov-Smirnov Test

30
3375.83
791.138

.110

.094
-.110

.600

.864

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCTR

Test distribution is Normal.a. 

Calculated from data.b. 
  SCTR

4500.0
4250.0

4000.0
3750.0

3500.0
3250.0

3000.0
2750.0

2500.0
2250.0

2000.0
1750.0

7

6

5

4

3

2

1

0

Std. Dev = 791.14  

Mean = 3375.8

N = 30.00

 
 

Tests of Between-Subjects Effects

Dependent Variable: SCTR

7456311.667b 11 677846.515 1.141 .388 12.549 .415
328749673 1 328749672.7 553.308 .000 553.308 1.000

5500.139 1 5500.139 .009 .924 .009 .051
4363959.606 1 4363959.606 7.345 .014 7.345 .727
1941358.144 2 970679.072 1.634 .223 3.267 .299

36266.806 1 36266.806 .061 .808 .061 .056
22351.078 2 11175.539 .019 .981 .038 .052

499675.078 2 249837.539 .420 .663 .841 .108

411573.078 2 205786.539 .346 .712 .693 .097

10694758.5 18 594153.250
360038591 30

18151070.2 29

Source
Corrected Model
Intercept
GENDER
WORKLOAD
IM
GENDER * WORKLOAD
GENDER * IM
WORKLOAD * IM
GENDER * WORKLOAD
* IM
Error

Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Power

a

Computed using alpha = .05a. 

R Squared = .411 (Adjusted R Squared = .051)b. 
 

 



Correlations

1 .140 -.180 -.513*
. .524 .410 .012

23 23 23 23
.140 1 .840** -.226
.524 . .000 .186

23 36 36 36
-.180 .840** 1 .030
.410 .000 . .860

23 36 36 36
-.513* -.226 .030 1
.012 .186 .860 .

23 36 36 36

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

DELAY

SCPR

SCTR

SCORE

DELAY SCPR SCTR SCORE

Correlation is significant at the 0.05 level (2-tailed).*. 

Correlation is significant at the 0.01 level (2-tailed).**. 
 

 



SCpR 
 
With all data: 

 
One-Sample Kolmogorov-Smirnov Test

36
558.06

406.364

.159

.159
-.129

.957

.319

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCPR

Test distribution is Normal.a. 

Calculated from data.b. 
  SCPR

2000.0
1800.0

1600.0
1400.0

1200.0
1000.0

800.0
600.0

400.0
200.0

0.0

12

10

8

6

4

2

0

Std. Dev = 406.36  

Mean = 558.1

N = 36.00

 
 

Without subject 6: 
 

One-Sample Kolmogorov-Smirnov Test

30
412.20

198.715

.147

.147
-.126

.806

.535

N
Mean

Std. Deviation

Normal Parametersa,b

Absolute
Positive

Negative

Most Extreme
Differences

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

SCPR

Test distribution is Normal.a. 

Calculated from data.b. 
  SCPR

800.0

700.0

600.0

500.0

400.0

300.0

200.0

100.0

8

6

4

2

0

Std. Dev = 198.72  

Mean = 412.2

N = 30.00

 
 

Tests of Between-Subjects Effects

Dependent Variable: SCPR

772280.300b 11 70207.300 3.389 .011 37.282 .926
5028373.472 1 5028373.472 242.744 .000 242.744 1.000

22961.606 1 22961.606 1.108 .306 1.108 .169
250954.672 1 250954.672 12.115 .003 12.115 .908
295108.011 2 147554.006 7.123 .005 14.246 .883

1253.472 1 1253.472 .061 .808 .061 .056
2459.878 2 1229.939 .059 .943 .119 .058

67680.144 2 33840.072 1.634 .223 3.267 .299

86151.744 2 43075.872 2.079 .154 4.159 .371

372864.500 18 20714.694
6242410.000 30

1145144.800 29

Source
Corrected Model
Intercept
GENDER
WORKLOAD
IM
GENDER * WORKLOAD
GENDER * IM
WORKLOAD * IM
GENDER * WORKLOAD
* IM
Error

Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Power

a

Computed using alpha = .05a. 

R Squared = .674 (Adjusted R Squared = .475)b. 
 

 
 


