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INTRODUCTION 
The Dimensional Overlap Model (D.O.) [3] and Stimulus-
Response Compatibility (SRC) [1,2,4] are two interrelated 
areas of study from experimental psychology that 
investigate the relationships between human response 
performance and the nature of the stimuli that elicits these 
responses. Decades of research in these areas have shown 
that the relationship between the stimuli and the required 
responses greatly affect the speed and accuracy with 
which users can perform simple tasks. 

These results have clear implications for the design of 
computer systems and, in particular, of groupware 
environments. Surprisingly enough, the field of Human-
Computer Interaction has rarely tried to use or replicate 
the results, regardless of the fact that D.O. and SRC deal 
with the exact same problems that lie at the heart of 
interaction in the most basic and common computer tasks. 

Applying the lessons learnt from experimental 
psychology to HCI and Groupware can lead to a better 
understanding of basic interaction tasks (e.g. passing 
digital objects) and, in turn, to more efficient interfaces. 
The application of results from the psychological 
literature to human-computer application requires, 
however, that these results are replicated for situations 
and environments that are ecologically valid with respect 
to common computer tasks. 

In this report we describe two experiments on basic 
groupware tasks and interpret the results in terms of 
dimensional overlap and stimulus-response compatibility. 
In both experiments the task consists of selecting a 
particular user among the four co-present participants by 
tapping on a particular part of the screen assigned to that 
participant. The differences between the two experiments 
and the different conditions in the experiments lie in the 
way that the possible tapping targets (representing other 
users) are aligned on the screen with respect to the actual 
physical position of the users and in the way that the 
stimuli which indicates the desired destination is 
presented. 

From a first experiment in which the stimuli was 
presented in a non-spatial fashion, we found that the 

relationship between the spatial distribution of the 
responses and the positions of the actual users has 
statistically significant effects on completion time, at least 
in the first 12 trials of each block. In a second experiment 
the stimuli were presented in a spatial fashion, and we 
also found differences depending on whether the 
responses required corresponded in position with the 
source of the stimuli. In this case, however, the 
differences were consistent across all trials.  

Our results fit nicely with predictions from the SRC and 
D.O. literatures. Although these experiments cover only a 
small part of the possible applications, they encourage the 
application of D.O. and SRC results to HCI problems, and 
the further pursue of experimental studies that will help 
predict performance of interface designs. 

CO-LOCATED MOBILE GROUPWARE 
This report is focused on situations in which several users 
want to collaborate while present in the same general 
space (e.g. the same room) through their portable devices 
(a co-located mobile groupware situation – see figure 1). 
Real-life examples of such a situation would be 
colleagues casually meeting outside of the meeting room, 
friends interchanging music or files in the street, or work 
meetings in places where there is no access to large 
common displays.  

 

Figure 1. An example of a co-located mobile situation. 

One of the most common tasks for collaborators in this 
kind of situations is to exchange objects. These exchanges 



 

can be implemented simply by generating portholes in the 
interface that link one person’s device with another 
person’s. This is analogous to having network folders in 
common operating systems: by dropping an object into 
the folder, the object is transmitted or made available to 
another device. 

In the design of these interfaces the question arises of 
whether the spatial arrangement of the portholes affects 
the efficiency of the interface. On one side, one might 
think that having the portholes aligned with the physical 
positions of the users will result in faster interactions and 
fewer errors; on the other side, providing this alignment 
might be expensive to implement in the devices (these 
have to be able to physically locate other devices), or it 
might require manual configuration efforts by the users.   

STIMULI AND RESPONSES 
The problem that we just presented above can be 
formulated in terms of stimuli and response. This 
reformulation will help us later to interpret the results of 
experiments through SRC and D.O. 

In an interactive system as the one described above, the 
stimulus is whatever triggers the subsequent action (also 
called response). For example, imagine an impromptu 
meeting in which participant A asks participant B for a 
copy of a document. Normally this request will trigger an 
action of user B in which she will have to select the 
document and then somehow indicate her computer to 
transfer the file to A’s device. If there are more than 2 
users, B will have to select the destination device among 
several possible destinations: a response must be chosen 
that corresponds to the stimulus. 

Stimuli and responses can be spatial or non-spatial. In the 
scenario described in the previous section, responses are 
mostly spatial because they consist of a spatial gesture on 
the screen of the device (perhaps a “drag-and-drop” action 
onto the corresponding network folder). However, stimuli 
can be spatial or non-spatial. An example of a spatial 
stimulus is an oral request by another user (e.g. “pass me 
the spreadsheet file”). The request is spatial because it 
comes from a certain direction and probably has also 
some associated spatial cues, as lip movements or other 
gestures. An example of non-spatial stimulus is a situation 
in which user B knows that all spreadsheet files have to 
be passed to A, all text documents to C and so on. 

According to the Dimensional Overlap Model, stimulus-
response sets are said to be highly overlapping if they 
have attributes in common. In our examples, a spatial 
stimuli with a spatial response will have a high overlap, 
whereas a non-spatial stimuli with a spatial response will 
make for a poor dimensional overlap. 

COMPATIBLE AND INCOMPATIBLE MAPPINGS 
If the stimuli and response sets have a high dimensional 
overlap (e.g. if both are spatial) then the location of the 
responses might or might not correspond to the location 
of the stimuli. Sets in which the arrangement of the 
responses corresponds to the arrangement of the stimuli 
are said to be SR-compatible, and sets in which the 
arrangements don’t correspond for stimulus and response 
are called SR-incompatible (see figure 2). 

 
Figure 2. A classic Stimulus-Response experiment setting. A) 

compatible mapping, B) and C) incompatible mappings 

Note that SR sets can only be compatible or incompatible 
if the sets have some degree of dimensional overlap. 

EMPIRICAL STUDIES 
We designed two experiments that test two of the 
situations already sketched in our scenario. Each of the 
experiments tests a single main hypothesis for which the 
SRC and D.O. models already have predictions. 

Experiment 1 
The first experiment tests a situation in which the 
response is spatial but the response is not. The SR set has 
therefore low or nonexistent dimensional overlap. Our 
main interest is to find out if in this kind of situations, the 
physical arrangement of the responses matters. 

It should be noted that even though there is low 
dimensional overlap (and therefore there is no SR-
compatibility), a co-located situation is always inherently 
spatial. Although the physical environment surrounding 
the task is, in this case, irrelevant for the completion of 
the task (see the description of the task below), we do not 
know whether it is possible for participants to ignore the 
physical environment around them even though the task 
does not require using or referencing it. In other words, 
can the spatial world interfere in tasks that are 
intrinsically non-spatial? 

Predictions and Hypothesis 
From the SRC and D.O. literature we know that irrelevant 
attributes of the response can have an effect in completion 
time (see, for example the Simon effect [5]). Therefore we 
hypothesize that: 

H1: Completion time of a task with non-overlapping 
stimulus response sets is higher if the arrangement of the 
responses corresponds to the physical arrangement of 
destinations (even though the physical arrangement of the 
destinations is not relevant to complete the task). 
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Participants 
We recruited 16 participants, 8 males and 8 females, in 
groups of 4. Groups were same-sex and knew each other 
from before the experiment. Ages ranged from 18 to 39. 

Apparatus 
Each participant in the group was assigned one pen-based 
computer at the beginning of the session. Several different 
computers were used for the study: one HP and one 
Toshiba tablet PC, and two Sony Vaio ultra-portable 
computers. The screen resolutions were 800x600 pixels 
for the two Sony machines, 1024x768 for the HP, and 
1280x1024 for the Toshiba. Each computer ran software 
developed for the study in C#. To compensate differences 
in size and resolution of the four devices, the application 
was normalized to appear equal in size to all participants. 

Task 
The participants had to carry out a simple matching task 
with either a World-Response compatible mapping or 
with a WR-incompatible1  mapping, while seated in four 
chairs facing each other. The task consisted of dropping 
one of four different shapes onto one of three circles that 
contained the other participant’s names (see Figure 4). 
The relationship between the shapes and the names was 
established at the beginning of each group of trials; for 
each trial group, each shape corresponded to only one 
participant name. For example, if the names of the 
participants were Paul, Eva, John and Akira, Paul might 
be assigned a triangle, Eva a star and so on. Before each 
trial, the software let participants learn the 
correspondence between participants and shapes by 
showing a larger version of the shape assigned to each 
one in that participant’s screen. They had to show each 
other their screens to learn the correspondences. 

For each trial, a shape appeared on the screen; users had 
to remember whose shape it was, touch on the shape and 
then on the corresponding named circle. A participant 
never got to match his or her own shape. The system 
provided individual visual feedback of the correctness of 
the user action. 

The locations of the circles themselves were always the 
same, but the names in the circles would be in different 
positions depending on the condition. In the W-R 
compatible condition, the name in the left circle would be 
the name of the person seating to the left, the name in the 

                                                           
1 Note that World-Response compatibility is different 
from Stimulus-Response compatibility (described in the 
Compatible and Incompatible mappings section).  
W-R compatible refers to the compatibility between the 
physical location of participants and the possible 
responses. W-R compatibility is irrelevant for this task 
because the stimuli are presented in a non-spatial form. 

top circle would be the name of the person in front, and so 
on (see Figures 3 and 4). In the W-R incompatible 
condition none of the names matched the positions of the 
fellow participants. 

 

Figure 3. The experimental setting 

 

 

Figure 4. A screenshot of the device-device task. The layout 
is “compatible” according to Figure 3. 

For training we used a variant of this task in which, 
instead of seating facing each other, participants sat by 
themselves. In the training task the names were not those 
of the other participants, but randomly chosen names of 
five letters instead. The associations between shapes and 
names were done at the beginning in a popup window. 

Procedure 
After filling in a demographics form and signing for 
consent, every participant was instructed in the training 
task using a demo. Then, each participants trained by 
themselves in two blocks of 75 correct trials in which the 
same names were used. The order in which the different 
shapes appeared did not follow any recognizable pattern. 
For each block the shapes were different, as were the 
positions. Note that the training task is neither W-R 
compatible nor W-R incompatible because the names do 
not represent actual people, and the users carry out the 
task isolated from anyone else. 



 

After training, participants were asked to sit in the four 
chairs facing each other. Each group was assigned an 
order condition; half the groups started with “compatible” 
trials and half started with “incompatible” trials. 

In each condition, each group performed a training block 
of 15 trials and two blocks of 75 trials (counting only 
correct trials), for a total of 30 training trials and 150 
correct test trials. For each block the participants changed 
their positions relative to each other, and they were 
assigned new shapes. If a participant made a mistake, that 
trial was replaced for another at the end of the block, 
assuring that all participants performed exactly 75 correct 
trials in each block, and a variable number of wrong trials. 

Once all blocks were completed by all four participants, 
they were asked to complete a post-task questionnaire. 
The questionnaire required the users to rate the W-R 
incompatible and W-R compatible conditions of the group 
task using the standard TLX performance measures. They 
also had to select which condition they preferred. 

Results 
We took four measures: completion time, errors, 
subjective workload assessments from the participants, 
and preference. 

A one-way ANOVA revealed that completion time was 
shorter for W-R compatible mappings than for W-R 
incompatible (F1,15 = 6.88, p < .02). The participant 
variable was modeled as a random factor. Completion 
time was log-transformed in order to comply with the 
normality assumption of the ANOVA test. The average 
completion time for W-R compatible mappings was 
780ms and for W-R incompatible mappings 827ms, a 
difference on average of 47ms (or 6%). 

Inspection of the data reveals that there is a strong 
learning effect which favors whichever condition was 
performed last (see Figure 5). This effect shows up as a 
significant interaction between order and mapping in a 
repeated-measures ANOVA (F1,14 = 6.87 , p < .02).  

Although we distributed the different orders across 
conditions evenly, we cannot discard the existence of 
asymmetric order effects across conditions (e.g. an 
incompatible mapping might be a much better “training” 
for a compatible mapping than the reverse). Therefore, we 
decided to analyze only the first condition for each 
participant, effectively transforming the design into a 
between-subjects comparison. This design type is, 
however, drastically less powerful than the previous one, 
and cannot show any statistically significant differences 
due to the huge variations in individual performance. 
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Figure 5. Order effects in the first experiment. 

Nevertheless, we decided to carry out the comparisons 
that we had planned before we ran the experiment. In 
particular, from a pilot study we discovered that the first 
20 trials for each position showed a learning curve and 
interesting differences between conditions. We performed 
a repeated-measures ANOVA in which the condition (W-
R compatible or incompatible) was modeled as a 
between-subjects variable and the trial order was the 
within-subjects variable. To reduce noise, trials were 
collapsed into three different groups of six trials: trials 2 
to 7 in the first group, trials 8 to 13 in the second group 
and trials 14 to 19 in the third group (the first trial was 
eliminated because it is subject to external factors such as 
setup delay). The analysis reveals a significant effect of 
condition (F1,14 = 4.23, single-sided p < .03), and trial 
group (F2,28 = 14.02 , p < .001). A first look at Figure 6 
reveals the expected result that completion time is 
reduced with the number of trials performed. The Figure 
also shows that the difference between conditions is larger 
during the initial trials. In particular, the differences in 
average are very important in the first 12 trials (first and 
second trial groups), reaching a difference in means of 
294ms in the first group and of 122ms in the second 
group. 

These findings indicate that the differences in completion 
time for W-R compatible and W-R incompatible 
mappings are relevant in the first trials with a particular 
mapping, but the difference is reduced with more 
experience until it is indistinguishable due to the noise of 
the measure. 

The error data was analyzed using a repeated-measures 
Wilcoxon Signed Ranks Test that showed no difference 
between the W-R compatible and incompatible mappings 
(z = -.352, p < .72). The error data was analyzed also 
using only the first condition, yielding also non-
significant results. 
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Figure 6. Average completion time for the different 
conditions after each position change. Blocks aggregate data 

from 6 contiguous trials. Error bars represent Standard 
Deviation. 

The TLX workload assessment was analyzed for 
differences between the W-R compatible and 
incompatible mappings. A Wilcoxon Signed Ranks test 
revealed no statistically significant difference between the 
two conditions (z = -1.470, p > .14). It should be noted 
that the subjects answered this questionnaire only after 
doing all the trials, which means that the data reflects the 
subject’s perceptions across all trials, not only the initial 
ones where the log data finds statistical differences.  

For the question of which mapping they preferred, 7 
participants chose the compatible mapping, 3 chose the 
incompatible, and 6 stated no preference. These 
differences were analyzed using a Chi-square test that 
reveals no significant difference (� 2(2) = 1.62, p > .44). 

Experiment 2 
The second experiment tests a situation in which response 
and stimulus are both spatial. The SR set has therefore 
high dimensional overlap and different mappings can be 
S-R compatible or S-R incompatible. Our main interest is 
to find out whether the differences in performance and 
errors shown in the SR Compatibility theory are present 
in a groupware setting and to which extent. 

Unlike for experiment 1, the conditions of experiment 2 
are indeed compatible or incompatible in the classic SRC 
sense because the stimulus and response sets are both 
spatial, and therefore, have a high dimensional overlap. 

Predictions and Hypothesis 
The advantages of SR compatible mappings in one of the 
most reliable phenomena in experimental psychology. We 
therefore hypothesize that: 

H2: Completion time of a task with a stimulus-response 
compatible mapping is faster than with a stimulus-
response incompatible mapping. 

Task 
In this task the participants had to touch the circle 
corresponding to the person of the group that said “Me!”. 
Participants were instructed to say “me!” when they got a 
special screen in their devices with a button on it that they 
had to press. Other participants then had to touch on the 
center of the screen and in the corresponding named 
circle. 

The task was synchronized so that only one person at a 
time said “me!”, and a new trial only started after all 
participants had finished the previous one. The order in 
which the participants said “me!” did not follow any 
noticeable pattern. 

 As in the first experiment, the names in the circles were 
in different locations depending on the condition. In the 
compatible condition the names matched the positions in 
the real world; in the incompatible, none matched. The 
system also provided visual feedback of correctness. 

Procedure 
For each condition (compatible and incompatible) 
participants performed a short demo of the task (3 correct 
trials per person) and then two blocks of 45 correct trials 
per person; this meant that the group performed 60 correct 
trials per block, since a trial in which a user had to say 
“me!” was not counted or measured for that user. 

The order of the conditions was the same as in the first 
experiment, and again participants changed positions after 
each block. If any participant made a mistake, that trial 
was replaced for another at the end of the block, assuring 
that all participants performed at least 45 correct trials 
each in each block, and a variable number of wrong trials. 
Once all blocks were completed, they were asked again to 
complete a post-task questionnaire as in the first study. 

Results 
We took four measures: completion time, errors, 
subjective workload assessments from the participants, 
and preference. 

A one-way ANOVA shows that completion time with 
compatible mappings is significantly different than with 
incompatible mappings (F1,15 = 39.49, p < .001). The 
completion time variable was log-transformed in order to 
comply with the normality assumption of the ANOVA 
test. Participants were modeled as a random factor. 

The average completion time was 1115ms for the 
incompatible condition and 927ms for the compatible 
condition, a difference of 188ms (i.e., the task took 20% 
more time to complete with incompatible mappings). 

Unlike in the first experiment, this time there were no 
signs of a strong learning effect. This is corroborated by a 
repeated-measures ANOVA in which order was included 
as a between-subjects factor. In this test, the order was 



 

found to be non-significant (F1,14 = 0.083, p > .70) as well 
as the interaction of order and mapping (F1,14 = 0.011, p > 
.90). 

For the effectiveness measure we performed a repeated-
measures Wilcoxon Signed Ranks Test that shows that the 
number of errors is higher for the incompatible mapping 
than for the compatible one (z = -3.078, p < .002). On 
average, a participant would make 2.75 errors per set with 
the incompatible mapping and 0.81 with the compatible 
mapping. A set is defined as the group of trials that take 
place without a change of position of the participants 
relative to each other and the mapping in their devices. 

The TLX workload assessment was analyzed for 
differences between the mappings. A Wilcoxon Signed 
Ranks Test revealed a significant difference between 
conditions (z = -3.498, p < .001), with the incompatible 
mapping having a higher workload assessment than the 
compatible (M = 34.3% vs. M = 24.0). 

When asked which mapping they preferred, 10 chose the 
compatible mapping, 4 had no preference, and 2 preferred 
the incompatible. A Chi-square test shows significant 
differences between conditions (� 2(2) = 6.5, p < .04).    

Discussion 
The results from the second experiment clearly support 
hypothesis 2: correspondence between the arrangement of 
stimulus and response makes interaction more efficient, 
less error-prone and preferred by the participants. This is 
consistent with the psychological research on SRC and 
the Simon effect.  

Hypothesis 1 is also confirmed by the results of the first 
experiment, but the results are less conclusive than for the 
second hypothesis. First, the advantage of the W-R 
compatible setting is only noticeable during the first 12 to 
16 trials; second, the improvement is only in completion 
time, not in number of errors. 

We believe that this difference is caused because users 
have to explicitly focus on blocking out the world when 
using the W-R incompatible mapping. After a while, the 
associations of shape with their correct destinations in the 
device are strengthened so that the physical position of 
others can be ignored.  

This study was limited in that we only used groups of four 
users. We cannot be sure of how larger groups will affect 
the results, but we suspect that the differences will only 
increase as existing SRC literature shows a consistent 
increase of the differences between mappings when the 
number of possible responses increases.  

Another factor that these experiments do not test is the  
accuracy of the symbolic representation. We would 
expect that with less accurate maps of the participants, the 
advantages of a compatible mapping will fade away, 
especially with large numbers of users. These issues 
deserve attention in further research. 
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