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Chapter 6

Evaluation

Designers and programmers of Virtual Environments tend to guess about the
best realization and implementation of interaction techniques or even whole
applications. Many works have shown that user hased assessment is an es-
sential component of developing interactive applications and in this work it
is shown that user based assessment is espeeially important for applications
as complex and innovative as CVEs. Alrcady the assessment of parts of the
application by different users except the designers can substantiate or refute
realizations of a specific CVE.

If those assessments are formalized they are called evaluations, There exist
three different evaluation methods which can he applied to Collaborative Vir-
tual Enviromments, The expert hearistic, the formative and the sunmative
evaluation (63, 54, 74].

The capert hewristic coaluation is an analytical method, The evaluator is a
ficld expert who deternines problems with usability in the design phase of the
CVEL It is important that the evaluating expert is not part of the developer
group and not involved in the design of the CVE at all, In addition the expert
has to assess the CVE as carly as possible in the design phase and also has to
cdetermine problems during the entire CVE development cycle. Based on the
expert’s knowledge, problems concerning usability can be solved following the
expert's recommendations. Especially when evaluating Collaborative Virtual
Environments this process is of a particular challenging nature, because of the
siall number of VE experts worldwide. Additionally, there exist only a fow
VE user interface design guidelines and there is an absence of VE user interface
standards.

The formative cvaluation is an empirical, observational method. Thereby the
evaluators assess the CVE throughout the entire development evele. The out-
put of this evaluation method is a combination of qualitative and quantitative
results. The quantitative data cvaluates the amount of time, the number of
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trials, the number of mistakes ctc. while performing a special task. The qual-
itative data can be obtained by observing so-called eritical incidents [53]. A
critical incident is a problem that occurs while a user is interacting within the
CVE. These incidents can be confusion, cancellation, errors, repetition cte.
(3.2). Hereby the term critical incident does not necessarily mean that these
events have to have negative effects on usability. Positive events can also have
an impact on usability and thus user performance and satisfaction. These pos-
itive incidents contribute to cualitative evaluation results as well.

The summative cvaluation is an empirical method. The objective of this oval-
uation method is to compare hetween different CVEs designed with the in-
formation obtained from the same User Task Analyvsis (UTA sce section 3.2).
Hence the output of the summative evaluation method enables the statistical
comparison of different realizations of interaction techniques, operations, rep-
resentation components ete. and the choice of the most appropriate one in
terms of usability of the CVE. As this evaluation is performed using nearly
final implementations of the CVE the evaluating users are usually those users
the CVE has been designed for, However, a miore important constraint is that
the evalnators have to be non-experts in VEs and have not to be involved in
the design proceess at all,

Best evaluation results can be obtained when combining the three methods
described above. With respect to its nature the expert heuristic and the for-
mative evaluation method should be applicd in the carly phases of the design
process. Already short alternating eyeles of these two methods can eliminate
the biggest problems concerning usability aud user satisfaction, For the assess-
ment of more subtle differences in realizations and implementations of CVEs
sunnnative evaluation is absolutely essential. However, the most important
and often most complex part to manage while planning an evaluation is to
determine items to be assessed. This collection of items is necessary to formu-
late specitic questionnaires and henee to find and eliminate disturbance factors
within the implementation of the CVI.

6.1 Evaluation of H-C-H Interaction

In order to determine the cvaluation items mentioned above the Human-
Computer-Human model introduced in chapter 3 is very helpful.  As a re-
minder, in that chapter the three flows within the model have been determined.
These are the H — ¢ the ¢ — Haud the H « H via C flow (sce Figure 3.1).
The design objective is to enable Human-to-Human interaction in a CVE as if
face-to-face where the computer as the mediator for this collaboration hecomes
omnipresent and transparent. From this point of view it is clear that cach user
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has to perceive itself and the remote partner being as present as possible in
the Virtual Environment. Although the perception of presernce is not the only
requirement for a good collaboration at least it is the basic constraint for the
establishment of the latter. But also appropriate representation of information
is important for supporting collaboration. Hence when talking ahout possible
problems and bottlenccks of the Human-Human interaction, the H — ¢ and
the C'— H flows arc the originators of thosc probleis. For example the H — C
flow can be disturbed through one or even more of the following disturbance
factors:

L. unsuitable graphical and physical user interfaces

0o

unsuitable physical input devices and equipment for generating user in-
put

3. unsuitable representations of actions and events
Factors that wmight disturb the ¢ — H flow include:

L. slow data processing and system reaction tine

2. low network transfer rate and network drop outs

3. low graphical and acoustical quality

Henee, collaboration can he supported by the designers of the CVEs only if
weaknoesses such as the ones listed above are eliminated. Back to the assessiment
of the CVE these considerations imply that the disturbance factors have to be
evaluated in order to find the best realization with respeet to the User Task
Analysis (UTA). Tlowever, the disturbancee factors listed above are very generice
and not linked to CVIEs. These factors can be used as macroscopic parameters
only. To arrive at a more pragmatie formulation of the disturbance factors,
the items above are matched with the taxonomy from section 3.1 and the
Awarcness-Action-Feedback loops from section 3.6. The resulting evaluation
items for the H — ' flow are respectively:

o unsuitable menu representations (the user does not know where to find
the desired function)

e unsuitable tool representations (the user does not know which tool has
which functionality)

o unsuitable representation of data and its functionality (the user does not
know how to process things and how to fulfill the task)
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unsuitable environmental representations (the user is confused by the
surroundings and cannot concentrate on the task or trausfer the learned
skills to real-world applications)

unsuitable input devices (the user is unable to work with/handle the
input devices and to generate input with them)

unsuitable physical equipment and annoying cabling (the user is confused
by the cabling of input devices and shutter glasses and thus is not acting
naturally or is unable to concentrate on the task)

For the ¢ — H flow the comparison leads to the following evaluation items:

real-time system reaction (the user selects items from menus or performs
changes on the data set and sees intermediate reaction of the system
without perceptible time delay)

fow graphical and acoustical resolution and quality (the user is unable
to recognize tools, data set structures. actions of the remote partner and
the partner itself, click and warning sounds. or is unable to talk to the
remote partner)

low network transfer rate (the user is unable to recoguize the delayed ac-
tions of the remote partner, there are interruptions of the audio commu-
nication, the user is unable the map actions of the remote partner with
occurrences of action feedback such as highlights, click sounds, move-
ments of data sets)

The items mentioned above have great impact on collaboration and can be
extrenely disturbing to the Thunan-Ihmman interaction. However. in addition
to these items there exist other factors that might also have an impact on
collaboration, The character of these factors is based on personal pereeption
of collaboration. In this work evaluation items linked to personal perception
are defined that have a quantitative or qualitative nature like :

perception of the own presence within the CVE

perception of the partuer’s co-presence within the CVE
pereeption of the collaboration in terms of equality of rights
pereeption of the quality of collaboration

frequency with which the user looked to the partner
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e frequency with which the user spoke with the partner

Considering all these evaluation items in one session is almost impossible. The
rcason is that these items evaluate too many different aspects of the Human-
omputer-Human interaction. In order to address this great amount of items
special evaluation sessions had to be defined which arc able to let assess specific
aspects of Human-Human collaboration as it has been defined in the H-C-H
interaction model.

6.2 Evaluation Sessions

According to chapter 4 three different sessions are implemented that in this
chapter are used for extensive evaluation of the interaction taxonomy model
and to produce CVE design guidelines. These sessions ave:

[um—y

usability session

o

2, co-presence session

<o

co-work session

Before the evaluation an initial session introduction to the system is included.
The introduction session itself is not part of an evaluation session.  As the
evaluators must not be the developers and must not be familiar with Virtual
Environments they have to be introduced to VEs. During this introduetion
they are informed of the display system, the equipment and the environment
they are going to work with, The objective and advantage is that this in-
troduction session creates almost same conditions for all evaluators. This is
necessary in orvder to compare nmerical results of the summative evaluation.
Inorder to exemplify the evaluation sessions the scenario deseribed in chapter 4
is used in the following subseetion.

6.2.1 Usability Session

The usability session is the first evaluation. After the users (evaluators) are
introcuced to the Virtual Euvironment they interact autonomously within the
VE for about five minutes. During this interaction an observer is taking notes,
Beside the overall ability to interact with the system the critical incidents of
the formative evaluation are the most interesting to the observer. The appli-
cation of the usability session offers alimost the same interaction techniques,
operations, tool representations, menus and feedback components to the user
as in the following two sessions. Only the data set is exchanged in order to
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cnsure that content specific operations have not been learned in this session
already. If the obscrver gets the impression that the user is not yet familiar
with the VE, the interaction time is extended. After the usability session is
completed a questionnaire is handed out addressing usability assessmients. Af-
ter the questionnaire is completed the user gets another five minutes recovery
time before starting the co-presence evaluation session.

6.2.2 Co-presence Session

The idea of this co-presence session is to evaluate the design of the CVE in
terms of its support to the evaluator during a certain task using immersive
telepresence only, As already mentioned carlier the perception of presence is
not the only requirement for good collaboration but it is the basic constraint
for the establishment of the latter. It is shown in the following sections that
the evaluation results of the co-presence session are of high interest for distance
learning applications.

In the co-presence session the user works again in the Virtual Environment
hut now with another data set. An experienced user who has been involved
in the development process is present within the same environment using an
remote awdio/video connection.

The experienced user explains the task, the data set, the input devices and
the tools remotely to the evaluator, Hereby the remote partner who acts like
A supervisor does not use any input devices or tools. Ounly gestures and verbal
instructions are used. The task is to position three bhones as precise as possible
in their correet location on a hian female skeleton, as explained in chapter 4.
These bones lie in front of the evaluator and look very similar to cach other
so that it is not obvious where they have to be add to the skeleton. If the
evaluator does not know how to achieve the goal the supervisor gives advice
about which tool should be used. how to query information about the bones,
how to change the viewpoint cte. (see chapter 4). Aftor the co-presence session
is completed a questionnaire is handed out addressing co-presence assessiments
(see section 6.3.3). After the questionnaire is filled out the user gets another
five minutes recovery time hefore starting the co-work evaluation session.

6.2.3 Co-work Session

The idea of the co-work session is to evaluate the design of the CVE in terins
of its support for collaborative work and minimum time required to fulfill the
task. Now it is important that both partners have cqual rights concerning
decisions. manipulations and the aceess to tools. It is interesting to note that
in the implemented session both users can complete the task autonomously
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as well. So the main question is to evaluate whether the CVE is capable of
supporting and encouraging for team work although team work is not really
reciuired for this task.

The evaluator works in the VE and the remote partner is present using an
audio/video connection again. Although the partner is one of the developers
and thus an VE expert both are equal in rights and are using the same tools for
interaction. The task is slightly different to the one of the co-presence session.
Together the users have to position six bones belonging to three different pairs
to complement the hwman female skeleton. Each bone in a pair helongs to
the left or right side of the skeleton (1., the femur bone of the right and the
left leg). A set of three of these bones lie in front of cach user. As the users
stand opposite cach other on different sides of the skeleton they have to find
out which boues belong to their side as the bones are mixed. This can be
done by querying the name of the bone or by comparing them direetly which
is however more complicated. If a user finds out that a hone belongs to the
partner this bone can be exchanged by passing it over to the other side. After a
hone has been positioned in the skeleton the user can make use of a snap-back
tool which lets the touched bone snap into the correct position. Thus it is
possible to verify their own or their partner’s work., In order to complicate the
task the lnnnan female skeleton is covered by its own skin, For positioning the
hones the particular part of skeleton has to be made visible by cutting away
the skin in this region, For doing so one user scleets a special cutting tool from
the ring menu and apply this to the interesting part of the fomale's hody. It is
not possible to cut the skin in this region permancently. This means that the
cutting user has to hold the skin cutter while the other user positions the hone.
Instead of using a snap back tool to verify the position the user can grow the
skin back and verify whether hones stick outside the body or not. After the
six boues have been set into the skeleton correetly the co-work questionnaire
is handed out (see seetion 6.3.4).

6.3 Ewvaluation Questionnaires

The different evaluation sessions are impleimented because the evaluation iteins
from scction 6.1 assess too many different aspects of the H-C-H interaction
model.  Therefore questionnaires are developed to let the evaluators assess
these different aspects.

The items of the questionnaires are enumerated. The usability questionnaire
starts with A, the co-presence, co-work and observer with B. ¢ and D re-
spectively.  All answers are ranged in the interval of 0 - 6. This is done
in accordance with other cevaluations [91, 92, 97, 103]. In order to support
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the cvaluator assessing the different aspects of interaction, descriptive text is
placed beside the answer possibilities (i.c. 0 corresponds to never/bad/no, 3 to
sometimes/acceptable/maybe and 6 corresponds to often/good/yes). The text
based support makes it possible to place assessments on a numeric scala more
precisely whercas the numeric results are necessary for the statistical analysis.

6.3.1 Introduction Questionnaire

Before the first evaluation session information about the user's profile is queried
(appendix C). Interesting in terms of the evaluation is inforination about the
evaluator’s profession and experience with computers.  Additional informa-
tion on whether the evaluator is right or left-hander is asked. Early, external
observations showed that it is not nceessary to make a distinetion between
different genders. This work shows later again that only age and experience
with computers rather than gender has an impact on the ability to get used
to interaction in Virtual Environments in contrast to other rescarchers [92).

6.3.2 Usability Questionnaire

The usability questionnaire is handed out after the first evaluation session
(appendix D). This questionnaire addresses evaluation items concerning the
H-C'interaction from section 6.1, Questions are listed assessing the quality and
comfort of input devices, tool and device representations, positions of menus
and the appearance of text in the VE.

6.3.3 Co-presence Questionnaire

The co-presence questionnaire queries information about evaluation items which
have an impact on the perception of co-presence and on the communication be-
tweent the two partners (appendix E). Social aspects of direct Human-Human
communication are addressed here such as the influence of the size and shape
of sterco glasses on communication and thus the exchange of information, as
well as the position and the size of the partner’s representation. In addition
to that technical aspects are addressed such as the impact of network delays
and drop outs on communication and collaboration.

6.3.4 Co-work Questionnaire

The co-work questionnaire is filled out after the last evaluation session is com-
pleted (appendix F). In this questionnaire information concerning the direct
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tecam work is queried such as the frequency with which the evaluator was look-
ing at the partner. Additionally evaluation items concerning the perception of
co-knowledge and co-status arc of high interest (sce scetion 3.6). Social aspeets
such as the perception of being equal in rights during the collaboration are
queried too. Important is that similar questions are asked in the co-presence
and co-work questionnaire. The driving idea behind this is the evaluation
of differences related to the social aspeets of collaboration. The character of
these two questionnaires enables investigations on differences in pereeption of
co-presence.  This difference might exist hetween situations where partners
communicate only in comparison to situations where they communicate and
work together (see analysis seetion 6.4).

6.3.5 Observer Questionnaire

This questionnaire is different from the others as it is not corresponding to a
particular evaluation session (appendix G). It is filled out by an external ob-
server who is an expert. This VE expert is observing the non-expert evaluator
during the usability, the co-presence and the co-work session, Besides query-
ing specific information about the time the user had to think and to debate
hefore performing actions the questionnaire leaves also space for informal ob-
servations. These informal observations correspond to the eritical incidents of
the formative evaluation. These incidents observed from outside give feedback
about the abilitics of the evaluators. They have great impact on the following
statistical analysis of the numerie evaluation results. Especially this question-
naire helps assessing items which are difficult to be assessed by the evaluator
itself such as questions DS or DG:

e Did the user loose concentration during a session ?
o How quickly could the user correet mistakes and continue the work ?

Information whether the evaluator lost concentration during a session has an
impact on the analysis and the way the mumnerical results have to be inter-
preted. However, this information can also imply the high cognitive load of
interaction in the Collaborative Virtual Environment too.

6.4 Evaluation Analysis

The evaluation analysis focusses on the three different evaluation methods in-
troduced carlier in this chapter. These methods are the expert heuristie, the
formative and the suuinmative cvaluation. In the carly CVE design phase al-
ternating cycles of expert heuristic and formative evaluation are performed in
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order to eliminate obvious usability problems from the very beginning. For
obtaining more subtle results concerning usability and team work summative
evaluation is applied.

The CVE evaluated by 60 people has passed through expert heuristic and
formative evaluation already. It is improved before given to summative evalu-
ation. Now, the focus of this section is on the analysis of summative evaluation
results. The first evaluation results and the design guidelines are given in sec-
tion 6.4.2.

For analysing the numcrical data obtained by the summative method eox-
pectancy values Ty are computed. In order to handle the uncertainty of the
numerice results the standard deviation s is computed from

1 n N
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where @; s the value of measurement 4.  the expectancey value and n the total
munber of measurements. s% is often also denoted as variance. Thus follows
that the statistical certainty of the average value AT is represented by
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where the factor (is dependad from the statistical certainty 12 and the total
number of measuremonts 7. Internationally in industry the statistical cortainty
Is considered to be 12 = 95%. Hence values for —= are [65):
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However, before computing the expectancy values and their statistical cor-
tainty from the numerical results of the usability, co-presence and co-work
(uestionnaires an analysis of the evaluators’ profile is given.

6.4.1 User Profile

For the asscssment of the CVE in expert heuristic and formative evaluation
cycles two VE experts have been consulted who are not part of the CVE de-
sign team. Throughout the entire summative evaluation process almost 60
non-cxpert users have been evaluating the CVE. They worked together within
the three sessions introduced in section 6.2.



University of Pretoria etd — Goebbels, G P J (2001)

6.4. EVALUATION ANALYSIS 125

Analysing the introduction questionnaire from appendix C a user profile is
created. The age of the 60 evaluators is minimum 17 ycars and maximum 58
years. The majority are between 22 and 27 yecars old. Most of these evalu-
ators arc university students whereas the diversity of the others® professions
reaches from sceretaries and journalists over workers. technicians to technical
and non-technical university professors and rescarchers. Although all evalua-
tors are no Virtual Environment experts the knowledge concerning computer
hardware and software diffors substantially. The group of 22-27 vears old uses
the computer mostly for web surfing as well as computer games whereas the
older evaluators use it for editing with text processing software. This is the
reason why this first group is more experienced with hardware devices, such as
gamne joysticks and steering wheels including foree feedback, This observation
is independent from the subject’s profession or field of studies. A contrary re-
sult is that the older evaluators use a computer almost twice as long per week
as the group of the 22-27 years old. No other significant differences between
the evaluators that might have an impact on the analysis of the evaluation
results are found.

6.4.2 First Level Analysis

The first level analysis is split into two parts. The first part deals with the
results obtained by the expert heuristic and formative evaluation. Although
the outcome is taken into account already it is quite instruetive to discuss it
separately from the results of the summative evaluation.,

The usability findings and recommendations of the expert evaluators coneern
the following items [50]:

1. positioning of the toolbar grouping generie operations
. g 88

]

handling of the ring menu grouping content specific operations
3. tool representations on menus
4. three button input device and stylus vs. pinch gloves

5. ecgo-centric vs. exo-centrie viewpoint manipulation

(o

. graphical representation of data sot
7. video frame rate

The User+Need Space (UNS) for the considered evaluation scenario of chap-
ter 4 determines different representation fors for generie and content specific
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operations. For the generic operations a toolbar is developed whercas the con-
tent specific operations are grouped by a special ring menu. In carly designs
of the CVE the gencric toolbar was configurable in position by the user. The
idea behind was that a dominant right-handed user might want to position
the menu somewhere else in space than a dominant left-hander. Evaluation
results showed that configuration of menus has a negative impact on the cog-
nitive load. Additionally it is not really used in limited interaction spaces
offered for example by the Responsive Workbeneh (RWDB). Working with both
hands at a RWB, the total viewing frustum is accessible in contrast to CAVE-
like display systems. Thus during the formative and summative evaluation
the toolbar was positioned close to the users body within arm distance cor-
responding to the vendor’s tray metaphor. Working at a RWDB this toolbar
is fixed whereas it is attached to the user’s body position when working in a
CAVE or eylindrical and wall display systeins.

Similar problems are encountered when using ring menus deseribed in {49,
When a user intersects the data with the menn pick ray in the right hand the
ring memt appears attached to the left hand aud vice versa, This corresponds
to the metaphor of handling a painter's palette with respect to dominant right
and left-handers. The advautages were assumed to be the comfortable han-
dling of this ring memt sinee it does not occlude any object being handled this
way. For detaching the ring menn, over the shoulder deletion was integrated
(see Figure 2.9). Evaluation results showed that the handling making use of
the painter’s palette metaphor is not always as comfortable as assumed. The
reason is that the user fivst has to recognize that the status of the hand changoed
as something is suddoenly attached to it, Then the user has to look at the ring
menu in order to seleet a content specifie operation using the other hand. This
is particularly annoying if the hand is busy with another task already. Addi-
tionally this metaphor makes it impossible to concentrate on the data set as
the user is forced to turn the head towards the ring menu. In the improved
design the ring menu is attached to the calling hand holding the menu pick ray.
It follows the translation of the user’s hand whereas the rotation of the user’s
wrist 18 used to interseet the ring picces with the pick ray. The advantages
are that the menu appears within the user’s gaze and disappears as soon as
the user releases the stylus button again, The menu is designed to be 70%
transparent to avoid occlusion of data (Figure 3.6).

As already mentioned the menus group operations together, In order to apply
operations, tools are sclected, c.g. the zoom operation requires a special zoom
tool. The tools are represented by 3D icons which are attached to the buttons
of the toolbar or to the choices of the ring menu. Usability findings showed
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that representations for the snap back tool, the information tool and the skin
cutting tool were not appropriate in the carly CVE design. Now the snap
back tool is represented by a three dimensional hook icon, the information by
a three dimensional 1" letter icon and the skin cutter tool by a three dimen-
sional knife icon. These virtual tool representations increased the evaluator's
tool recognition rate by almost 80%. Evaluation results indicated also that
carly approaches using two pinch gloves as input devices wore not really ad-
dressing the user’s needs. Reasons are the uncomfortable usage when working
stand-alone collaboratively and trying to hand over pinch gloves to another
user. Another encountered problem using pinch gloves together with pick rays
is that it is almost impossible to keep pointing somewhere and additionally
snap with the middle finger and the thumb for selection.  Similar problets
using pinch gloves have been encountered in [54]. Improvements are made by
using a special three button tool in one hand and a stylus in the other. The
reason for not using three button tools in hoth hands refers to the high cogni-
tive load of their usage due to the many buttons. After modification evaluation
showed that the stylus is rather used in the dominant and the three button
tool in the non-dominant hand.

A sharing vicwpoint metaphor is implemented for manipulating the users’
viewpoint [49] (sce chapter 4). Evaluation results showed that an exo-contrie
viewpoint manipulation is better than an ego-centric when standing almost
beside the partner. In this context exo-centric manipulation is based on how
a user would act in real world by moving laterally. When sharing the same
viewpoint (looking through the partner’s cyes) or sharing the mirrored view-
point (looking from opposite the partner) ego-centrie viewpoint manipulation is
implemented. This manipulation is realized by pressing and releasing a special
button on the three button tool. These observations are valid working at a
Responsive Workbeneh. Because of the limited interaction space it is possible
to access the data set visually from all sides by manipulating the viewpoint
as desceribed above. However, other own evaluations showed that in the CVE
implemented using & CAVE and a cylindrical display no cgo-centric viewpoint
manipulation is needed. Here users prefor exo-centrie viewpoint manipulation
due to the larger interaction space and the pereeption of entire immersion.

In the co-work session the evaluators complement a female skeleton by missing
bones (scction 6.2.3). There the task is aggravated as the skin of the body
is cut in order to make the skeleton visible. Usability findings indicated that
users prefer to get a quick overview of the situation. This leads to the imple-
mentation of a content specific wireframe operation. The users are able to only
render the skin of the body in wireframe and thus have a direct view onto the
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underlying skeleton. With this, strategies can be discussed and collaborative
tasks can be planned more quickly. This content specific wireframe operation
is only usable for getting an overview. For complementing the skeleton the
skin has still to be cut.

In addition, observations of critical incidents are made during the co-presence
session. These critical incidents occur due to network drop outs, indicating
that the pereeption of co-presence is interrelated with the video frame rate.
Further experiments with the video frame rate as parameter showed that the
perception of co-presence vanishes completely if the video frame rate sinks
below 12 fps.

Statistical Analysis

The next phase of the first level analysis is the statistical analysis of the sum-
mative evaluation results. In literature the analysis of numerical data is often
restricted to the direct comparison of caleulated statistical values [92i. In
order to correlate with the work of other investigators direet comparison is
performed [L03]. Computing the average (expectancy) value and its statistical
certainty T £ AT for the usability questionnaire from appendix D leads to the
following values.

Quaestion | Al A2 | A3 Al A5 | AG | AT | AX
T 5.4 4.7 ) 4.2 3.8 4.6 4.0 4.9 4.7
AT 0.54 [ 0.68 1 L.05 10,99 | LO5{ 077 0.76 } 0.7Y

A couspicuous feature of the average values is their low statistical cor-
tainty represented by the high values for AF. This is especially the case for
low average values like they appear for questions A3, Ad and A5 Obviously
one reason is that the statistical certainty of the average value is dependent
from the number of evaluators. The larger the number of evaluators the more
certain the expectancy value 7 and thus the lower A%, But there is another
reason why the statistical cortainty is small for high average values and vice
versa. The distribution of answers to questions with small average values is
more spread whereas the distribution of answors to questions with high aver-
age values is sharper. For example the distribution of answers to a question
with an average value of "3” might look like: 2 times 707, 2 times " 37, 2 times
"6”. Here the answers are spread and the statistical cortainty is very low. An
example for the distribution of answers to a question with an average value of
"5 might look like: 2 times 74", 2 times "5”, 2 times "6”. In this example
the answers are distributed much closer around the true expectancy value of
"5 and thus the certainty of the average value is higher. In any case. the
spread distribution of answers to a question indicates that the evaluators have
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different opinions about the particular evaluation item. Although it is much
more expressive to have a uniform answer pattern the spread distribution of
answers implies problems with usability. If so, more investigations concerning
the special evaluation item have to be made.

However, the average values reprosent important information about usability
too. The highest average value with corresponding high certainty is computed
for question A1 rating the responsiveness of the CVE (see appendix D). High
values are also found for A2 (usability of input devices). A7 (alignment of tools)
and A8 (alignment of menus). Lowest average values but with low certainty
are computed for A3 (working with sterco glasses) and A4 (working with the
cabling). As discussed above the statistical values for A3 and A4 indicate that
not all evaluators pereeived the work with sterco glasses and cabling as es-
pectally uncomfortable. The analysis of these special usability assessments in
conjunction with the analysis of the external observations delivered no further
results. From this, preliminary conclusions are drawn, indicating that the bad
assessinent of the stereo glasses and cabling is mainly influenced by personal
pereeption rather than general frustration with the system or even inability to
use the CVE,

Proceeding with the analysis of the co-presence questionnaire the following
statistical values are computad:

Question | Bl Bz B3 Bd B5 B6 | B7 | B8 | B9 | BlO| Bl
T 51 | 46 | 42 |1 5.5 5.1 49 | 46 | 38 38 | L3 | 8.1
AT 0831 077 1 1221 0.52 | 0.77 | 0.88 | LO5 | 0.92 | 0.71 | 1.07 | 1.35

The average values representing the answoers to questions B1 to 37 are no-
tably high. For example most of the evaluators perceived the partner standing
as a real person (B4) on the other side of the table (B1). Also the partner’s
stereo glasses did not have a very high impact on the perception of co-presence
(B2). Remarkably are the average values for questions BS and BG6. It scems
that evaluators did not perceive the remote partner to be less present when
delays in video and audio transmission occur. Additionally 37 and B3 show
that evaluators think the audio and video representation of the partner are
necessary to complete the task even though the partner was not looking very
often to some of the evaluators. This is indicated by the high uncertainty of the
32 avorage value. In comparison to this it scems contradictory that B10 shows
an average value of about ¥ = 4.3 & 1.07. B10 is asscssing a higher transfer
rate to be an important factor for increasing co-presence. Very interesting is
the high uncertainty A% of question B11. B11 is assessing the position and the
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sizce of the partner to be an important factor for increasing co-presence. Ob-
servations showed that especially evaluators who were much taller or smaller
than the remote partner in reality thought that this parameter increases the
co-presence. This explains the spread distribution of answers to B11.

Computing the statistical values for the questions of the co-work question-
naire results in the following table:

Question | Cl c2 C3 | Cd C5 Co

T 57 5.8 5.0 5.2 3.1 5.1
AT 0491046 | 1.02 | L.0G | 0.86 | 0.53
Question | C7 s 9 | Clo| C11 | 12
7 56 | 5.3 | 40 | 47 | 41 5.5
AT 0.70 1 0.76 | 0.83 | 1.18 | 1.10 | 0.61

Average values assessing collaboration are remarkably high in comparison
to the sessions A and B. The evaluators assessed the co-work session as a satis-
fying (C12) event where they really collaborated (C7) with a real person (C1)
of equal rights (C8). This assessment is a very interesting result as it seems to
disagree with the low value of question C5, Here the evaluators confirm that
they were not looking often to the remote partner although they pretended to
know always where the partuer stood (C4). Which seems a contradiction at
first, but becomes explicable when taking the assessient of question C9 into
account. Here the cvaluators state with an average of T = 4.0 £ 0.83 that
hody and hand gestures did not greatly enhance or support the collaboration.
This leads to the preliminary conclusion that the actions and behaviour of the
remote partner are adeqguately rendered by the representations of tools and
input devices together with acoustic feedback, This is also underlined by the
average values of questions C10 and C11 where the evaluators think they could
have completed the task perhiaps even without the video representation of the
partner.

6.4.3 Simple Guidelines
With the help of the evaluations done so far it is possible to draw and sumn-
marize some conclusions.

Highlights of Expert Heuristic and Formative Evaluation

From the analysis of the expert heuristic and formative evaluation cyeles the
following guidelines can be extracted:

e Static menus should be simple, well positioned and non configurable.
They are well suited for grouping generic operations.
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Dynamic menus should appear within the user's gaze (view) and must
not occlude data. They must be designed in a way that the user is able
to concentrate on the task while using the menu.

During the task intuitive, recognizable tool representations arc necessary.
Additionally they are able to render the actions of the remote partner
adequately.

Input devices chosen should be casily passable from one user to another.
Input devices should preferably support both, left and right handed users.
Additionally they must allow precise application of an operation,

Possibilities to get quick information or even an overview of the current
situation in the CVE must be provided (wireframe technique, World in
Miniature technique (WIM).

Depending on the amount of interaction space and consequently depend-
ing on the display systom intelligent partitioning of ego-centrie and exo-
centric viewpoint manipulation is necessary.

Using immersive telepresence the video frame rate must not sink below
12fps.

Highlights of Statistical Analysis

From the statistical analysis of the evaluation results it is quite difficult to ex-
tract guidelines as they reflect the assessmont of realizations by the evaluators.
Howoever, with the analysis of conspicuous distributions of answers to special
questions it is possible to obtain guiding information.

Cabling of input devices, trackers and sterco 'glasses are pereeived as
annoying. Carcful handling of loose wires is recommendable.

In a consultation situation immersive telepresence supports the work
flow. In this situation network drop outs do not have negative impact
on the pereeption of co-presence as long as the average frame rate docs
not go below 12fps.

In a collaboration situation using immersive telepresence the position of
the remote partner representation should be chosen in a way that both
partners scem to have same virtual size in the CVE independent from
their physical size in real world.

Appropriate representations of the remote user’s tools and input devices
support collaboration more than body and hand gestures.
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e When using a RWDB the pereeption of co-presence can be increased with a
remote partner’s video texture representation together with a real back-
ground since due to depth pereeption the user has the impression that
the remote partner stands closer to the table.

o When using a CAVE-like display system or cylindrical projections a re-
mote partner’s video texture representation without background is rece-
omwmendable. This is possible, using a uniform background hehind the
user and a hardware keyer which subtracts this uniform texture pattern
from the users outline. Using a real background together with the video
texture of the remote partner leads to a mismateh of the non-photo re-
alistic virtual scenery and the real video background (see Figure §.3).

6.4.4 Group Analysis

Direct comparison of average values and their statistical certainty is a good
method for getting initial quick results. T order to obtain more detailed infor-
nmation about usability of the CVE this method is not sufficient. Additionally,
for investigating the problem of spread answer distributions another method
than the direet comparison needs to be considered.

Hwman communication serves as an exchange of information.  Independent
of the appearance of this information the prineiple basis for communication
is alternating cycles of query and answer, On the one hand queries are con-
ceivable which only have one intention or at least expoect one precise answer,
On the other hand there exist more subtle gueries which have more than one
intention. According to evaluation it is possible to extract more than one in-
tention from the items of the questionnaires, Within this thesis questionnaires
are designed in a way that the same evaluation item could be evaluated by
more than one question of different evaluation sessions. With the help of these
special questions the following dependencies of evaluation itews for the H — ¢
and ¢ — H flow are decoded:

e DPerception of the system’s responsiveness and its impact on collaboration
(Al, B1, C1, C3)

e Tmpact of sterco glasses, cabling and input devices on collaboration
(A2, A3, Ad, B2, B3, D3, D4)

e Pcreeption of tools and tool representations
(AG, A7, C3, D1)
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Pereeption of menus and functionality
(A5, A8, D1, D5, D6)

Impact of audio/video transfer rate on co-presence and collaboration
(B1, B5, B6, B10, C5)

Perception of telepresence and its impact on collaboration
(B6, B7, B8, BY, B10, B11, C5, CG, CY, C10, C11, D4, DG)

Perception of co-knowledge and collaboration
(B1, B4, C1, C2, C5, C6, C7, C8, C12, D2, D7)

With these decoded dependencies it is now possible to analyse the different
evaluation sessions again.
Statistical Analysis

Comparing the average values and their statistical cortainty of the questions
Al Bl Cl and C3 leads to the following table.

Quostion | AL | Bl Cl C3
T H.d 5.1 5.7 | 5.0
AT 0541 083 1 0.49 1 1.02

All four questions assess the pereeption of system responsiveness, cither
explicitly or implicitly. In this group comparison question Al directly queries
information about the respousiveness of the system. The questions of the co-
presence session (B) and the co-work session (C) assess the system’s respon-
siveness implicitly. Thoese uostions query information about the pereeption
of collaboration and co-presence explicitly. Remarkable is that all the aver-
age values and their statistical certainty highlight the system’s responsiveness
equally good and its impact on co-presence and collaboration as positive.

Questions A2, A3, Ad, B2 and B3 evaluate the impact of hardware components
such as input deviees, cabling and stereo glasses on collaboration.

Question | A2 | A3 | Ad | B2 | B3 | D3 | D4
T 4.7 | 4.2 3.8 4.6 4.2 5. 5.2
AT 0.68 | 1,051 099 1 0.77 | 1.22 {1 0.69 | 0.76

The usability ratings of the evaluators are average. The influence of hard-
ware equipment on collaboration is assessed as average. The diversity of an-
swers is expressed by the high uncertainty AT of A3 (comfort of the sterco
glasses) and B3 (was your partner looking at you). In accordance to these
assessients the observer questions D3 and D4 confirm that the evaluators had



University of Pretoria etd — Goebbels, G P J (2001)

134 CHAPTER 6. EVALUATION

problems selecting tools and problems with orientation. Here the statistical
certainty of observer evaluations are average.

Similar evaluations arc encountered for the representations shown in the first
part of the following table:

Question | A6 | A7 | O3 | DI Question | A5 | AS | D1 | D5 | D6

T 4.6 | 49 | 50 | 3.2 T 46 | 47 | 3.2 | 46 | 48
AT 0.77 1 0.76 | 1.02 | 0.73 AT 105) 0701 0.73 | 0.5 ] 0.85

The evaluators assessed the tool representations bit better than average

suitable (AG) and their alignment as more or less appropriate (A7), With €3
the evaluators confirmed to know about what the partner was doing in the
collaboration session which is ascribable to the tool representations. However,
the high uneertainty of C3 indicates that some evaluators knew about the
partner’s actions but others did not. The time which was required to think
about an operation hefore applying is assessad by the observers to be average
with a normal certainty value,
The second part of the result table shows the ratings of A5, A8, D1 D5 and
DG, Users evaluated the appearance of text (AH) and the alicnment of menus
(A8) to be a bit hetter than average but not as good. Inforal observations
showed that the high uncertainty value for the assessnient of text in the CVE
is mainly influenced by the physical size of the users. Users whicl were siallor
than the average user had problems to read the text due to the declination
of their viewpoint. Obviously text is not readable from any point in the in-
teraction space, The assessment from the observers imply that the evalnators
did not have to think too much ahout performing a cortain action implicd by
problems with the menus (D1). But remarkable is that obsorvers notice a loss
of concentration during the sessions (D5). Ioven more, the highest assessient
in this context is encountered for question D6, Here the observers confirm
that the evaluators were able guite quickly to correet mistakes and continue
the work.

The [ollowing table shows statistical values for questions rating the impact
of audio/video transfer rate on co-presence and collaboration,

Quostion | Bl D5 B6{ BT C5
T 510 61 1 49 ) 43 | 31
AT 083 | 0.77 | 0.88 | 1,07 | 0.86

Evaluators confirmed that they pereeived the remote user as standing on
the other side of the table. Even a delay in video and audio transfer rate did
not have a negative impact on immersive telepresence and thus on the pereep-
tion of co-presence (B5, BG, B10). As described in chaptor 5 the audio and
the video streams are not synchronized. This does not seem to have negative
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impact ecither, Experiments with the network delay showed that this is valid
as long as the transfer rate is high cnough to guarantee smooth movements.
The magic threshold is 12fps. This result is remarkable as most of the evalua-
tors confirin that they did not look often to the partner during collaboration,
From this the conclusion is drawn that the video representation of the remote
partner serves rather psychological than direct support purposes. This point
is discussed in section 6.4.6 again.,

The following tables show cven more decoded dependencies than the ones
above.

Question | B7 | Bs | B9 | Bi0 | Bi1 | C5
T 4.6 1 38 | 38 | 4.3 | 3.1 3.1
AT L0511 092y 070 | LO7 | 1.35 | 0.86
Question 1 €6 | Co | Ci10 Ci1 | D4 | D6
T 5.1 4.0 | 4.7 | 4.1 52 | 4.8
AT 0531 083 | L1s | L.10 | 0.76 | 0.85

The pereeption of telepresence and its impact on collaboration is assessed

implicitly by the questions B7, B8, B9, B10, 311, C5, Co, C9. €10, C11,
D4 and DG, The table shows a very uniforin answer pattern. Most of the
average values ave distributed into the interval between 3.0 and 5.0. The eval-
uators have the opinion that the video representation of the remote partner is
necessary with an average value of F = 4.6 & 1.05 (B7). Here the statistical
uncertainty is quite high. On the other hand the evaluators said that maybe
they are able to complete the task even without a video representation of the
remote partner (B8). Again this result is accompanied with a high statistical
uncertainty.
In accordance to the evaluation results, the perception of co-presence cannot
really he itmproved by better lighting or positioning/scaling the representation
of the partner (B9, B11). The audio/video transfor rate is perecived as a factor
that might improve the situation (B10). It is conspicuous that the evaluators
spoke more often (C6) than they looked at the partner (C5) during the col-
laboration session. Here the questions CL0 (necessity of the partner’s video
representation) and CLL (ability to complete task without partner’s video rop-
resentation) are asked again (saune with questions B7 and B8). The ratings are
nearly the same as in the co-presence session which iimproves the certainty of
the result as their statistical certainty of the average values is quite high with
0.92 to 1.18. Additionally C9 assesses the henefit of collaboration from hand
and body gestures to be lower than expected. The observers confirm with D4
awd DG that the evaluators were able to correct mistakes and return quickly
to work. The users did also not have significant problems with orientation and
therefore the following conclusion is drawn.
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The video representation of the remote partner has a psychological impact on
the perception of co-presence, co-knowledge and collaboration, This means
that the partner is contacted visually, (looking at him/her) only in the case
of problems. Most of the time the audio connection and appropriate mapping
of tool and input device representations scems to be much more important
than the video connection. Informal observations cmphasize this reflection.
Section 6.4.6 deals with this problem again.

The group analysis of the pereeption of co-knowledge and collaboration is
interesting as well as challenging, The following table shows the statistical
rosults:

41 Cl 2| O3 | €4 Cr | Cs | Ci2| D2 | D7
W | 6.7 | 58 | 46 | 82| 506 | 53| 55 | 3l 0O

A21049 1 046 1 077 1061 070} 0.76 1 0.61 | 0721 6

Quoestion | Bl B
T 5.1 5

AT 0631 (

= =~

The high average values indicate that the collaboration is pereeived as quite
convineing, The remote partner was pereeived as personally (I34.C'1) standing
at the opposite side of the table (BL). The collaboration was satistying (C12)
since most of the evaluators would like to work with the same remote part-
ner again (C2). During the collaboration they perceived themselves as equal
partuers (C7) and also treated the partner as a person equal in rights (C8).
Although the values are a bit lower than the average the evaluators knew where
the partner was standing (C4) and what the partuer was doing (C3) during the
collaboration session. This values are confirmed by observer assessments of the
amount of time the partuers had to debate hefore they came to an agreement
about a particular action (D2). The average value of 3.1 indicates that the
tine needed to do this is average. A clear " Yes” rating is given for the fun the
users had while working in the CVE.

6.4.5 Advanced Guidelines

With the help of the group comparisons it is possible to draw some very im-
portant conelusions. From this the following guidelines can be extracted:

e Ensurc high system responsiveness. It is pereeived as having very positive
impact on collaboration. Even downsizing the application in order to
decrease the CPU load is recommendable. A good system responsivencss
is guaranteed if all inputs and outputs are processed and rendered within
less than 50ms.

e Although the work with input devices is assessed to have negative influ-
ence, this pereeption scems to be very subjective. However, it is essential
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to facilitate the usage of VE input deviees as well as shutter glasses and
cabling.

o Using descriptive text in a Virtual Enviromment the developers should
ensure that the alignment is realized with respect to the user's physical
size. Readability should be provided from any point within the CVE
interaction space. This is especially interesting when using a CAVE-like
display system or a cylindrical projection. In this case deseriptive toxt
can be attached to the user's gaze, hody or input devices,

e Appropriate tool awd input device representations of the remote partner
are adequate means for supporting the perception of co-presence which
is the basic requiremnent for collaboration. With the help of these repre-
sentations the influence of video is redueed to support collaboration only
psychologically.

e When integrating immersive telepresence into a CVE, audio and video
streams do not necessarily ueed to be synchronized., Even the resolution
plays a tangential role.

6.4.6 Variation Group Analysis

Comparing statistical values of different evaluation sessions as well as compar-
ing group items suflers from the small munber of evaluators,  Although it is
possible to encounter and interpret trends in the answer behaviour the sta-
tistical cortaintios of the computed average values are very low. In order to
overcome this problem special evaluation parameters are determined. These
parameters chiange the initial evaluation conditions for different groups. The
presiumption is that when changing the initial evaluation conditions by the
evaluation parameters special answer patterns are provoked. This produces
better results than simply evaluating more users under the same conditions.
Tha following evaluation parameters are defined:

1. Remote user’s tool and input device representations.
2. Remote user representation using telepresence.
3. Enhanced collaboration.

In the first case the tool and the input device representations of the remote
partner arc removed from the co-presence and co-work session, This is done in
order to foree the partners working together to try and substitute the missing
representations by other tools as good as possible. This change is assumed to
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have a great impact on the perception of co-presence.

The remote user representation (video texture) is removed in another group
and it is interesting to sec whether the users arce still able to work together.
Most of the evaluators said that they would have been able to complete the
task even without the remote partner’s representation as the statistical results
in section 6.4.4 indicate.

The last paramcter is the collaboration session itself. An enhanced co-work
session is chosen in order to foree the users to work together in a more collabo-
rative way. The parancter is supposed to have great impact on the pereeption
of co-presence and co-knowledge and thus collaboration. The co-work session
is changed in a way that the users do not have to complement the female
skeleton by missing boues anytnore while cutting skin, The new task is to
assemble a snapshot of a running human out of the lying (standing) skeleton
by changing the positions of all bones.

The last change in comparison to former evaluations is that the usability ques-
tionnaire is handed out together with the co-work questionnaire. The idea is
to investigate the influence of the changed evaluation conditions on usability
items too.

Statistical Analysis

The abbreviations for the four different evaluation sessious are Ref for the
reference group, NT (no tools) for the group without tool and input device
representations, NV (no video) for the group without remote user representa-
tion and EC for the enhanced collaboration task group. Thereby the reference
group (Llef) is trying to fulfill the same task as the NT and NV group but
working with all representations.

The first part of the statistical analysis deals with the investigation of per-
coption of co-presence and the impact on collaboration.  The dependencies
which are decoded in the group analysis seetion above are still valid and are
considered here again, Hence the poreeption of co-presence is intended by the
following cuestions (B4, C1, B1, BG, B10, D4, DG):

[ Question B4 | | Question C1 |
X AX X AX
1. Group (Ref) 5.5 | 0.51 1. Group (Ref) 57 | 0.49
2, Group (NT) 58 | 0.30 2, Group (NT) 56 | 0.55
3. Group (NV) 58 | 0.30 3. Group (NV) 571 047
4. Group (EC) | 5.3 | 0.76 4. Group (EC) | 5.6 | 0.61
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[ Question B1 | [ Question B6 |

X AX X AX

1. Group (Ref) 5.0 | 0.66 1. Group (Ref) 4.9 | 1.12

2. Group (NT) 4.5 [ 0.78 2. Group (NT) 5.1 | 0.82

3. Group (NV) | 1.7 | 1.13 3. Group (NV) | 4.0 | 0.35

4. Group (EC) 5.2 | 0.69 4. Group (EC) 5.0 | 0.84

l Question B10 |
X AX

1. Group (Ref) 241 097
2, Group (NT) | 4.6 | 0.8
3. Group (NV) [ 4.7 | 0.90
4 Group (EC) | 3.6 | 1.45

] Question D4 | [ Question D6 |
X AX X AX
L. Group (Ref) 5.0 | 0.50 1. Group (Ref) 5.3 1 090
2. Group (NT) 53 1 0.59 2. Group (NT) 4.6 | 0.85
3. Group (NV) 5.0 1 0.5 3. Group (NV) 4.7 | 0.68
4. Group (EC) | 4.8 | 0.82 4., Group (EC) [ 45 | 0.97

Lowest ratings of the evaluators are highlighted using a bold font. The
EC group assessed the questions B4 and C1 as lowest although the differences
hotween the average values of the other groups arve quite small. For example
the difference to the highest ratings (NT and NV) is only about 0.5, which lies
within the statistical uncertainty. In general it is conspicuous that the lowest
assesstients ave given by the groups NV and EC, the group without video rep-
resentation and enhanced collaboration session respectively. So for example did
the NV group assess question B1 with a very low value of X = 1.7 1.13. This
result is not surprising whercas the low NV assessiient is astonishing. The NV
group says the partner is less present due to delays in audio transmission. It
seets that people who sulfer from the absence of a visual representation have
a higher esteem for an audio connection as it is the only communication link
to the partner. From this it is clear that the NV again assessed the transfer
rate as the factor which is able to increase the pereeption of co-presence. This
resudt is closely followed by the NT group which suffers from the absence of
tool and input device representations and thus esteem an intact awdio connec-
tion. Additional observer evaluations confirm that the enhanced collaboration
group had less problems with orientation within the CVE (D4) but needed
more time than others to correct mistakes and continue the work (DG). The
NT and NV groups gave low assessinents to question D4 as well. The reference
group has the highest evaluations of D4 and DG.

This leads to the following conclusion: the enhanced collaboration and the
absence of the remote partuer representation show the greatest impact of the
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evaluation parameters in contrast to the reference group without any changes.
Absence of representations scemns to affect the perception of co-presence. These
users try to compensate for this absence by complementing representations.
Working together more collaboratively on a more challenging task has positive
influence on orientation within the CVE but leads to more handling errors.
Further observations showed that the evaluators of the enhanced collaboration
group (EC) lost concentration quicker than other evaluators.

The sccond part of the statistical analysis deals with the investigation of per-
ception of co-knowledge and the impact on collaboration. Again the depon-
dencies which are decoded in the group analysis scction above are still valid
anc are considered here again. Hence the pereeption of co-knowledge and col-
laboration is intended by the following questions (C2, C3, C4, C6, C7. C8,
C12, D2):

[ Question C2 | [ Question C3 |
X AX X AX
Group (Ref) 59 1 0.31 . Group (Ref) 5.0 | 1.02
Group (NT) 6.0 | 0.00 . Group (NT) 4.2 1 0.66
Group (NV) 6.0 ] 0.00 . Group (NV) | 39| 0.72

e

A
S| =~

=
o

4. Group (EC) | 5.8 [ 0.46 4. Group (EC) ha | 05

| Question C4 | [ Question C6 |
X | AX X | AX
L. Group (Ref) 5.0 | L0OG 1. Group (Ref) { 4.0 [ 0.76
2. Group (NT) 4,2 | 0.78 2. Group (NT) he L 0.30
3. Group (NV) | 3.1 | 0.92 3. Group (NV) 53 | 0.59
4. Group (EC) 52 | 051 4. Group (EC) 5.0 053

[ Question C7 | | Question C8 |
X | AX X | AX
1o Group (Ref) 5.6 | 0.69 1. Group (Ref) 54 | 0.97
2. Group (NT) | 5.2 | 1.22 2. Group (NT) 5.6 | 0.67
3. Group (NV) 52 [ 079 3. Group (NV) | 52 | 0.79
4. Group (EC) 5.6 | 0.70 4. Group (EC) 5.3 1 0.85

| Question C12 [ Question D2 |
X | AX X | AX
1. Group (Ref) 55 | 096 L Group (Ref) 3.8 | 0.89
2. Group (NT) 4.2 | 0.73 2. Group (NT) 4.9 | 0.38
3. Group (NV) | 4.1 | 0.63 3. Group (NV) 44 1 1.12
4. Group (EC) 5.6 | 0.84 4. Group (EC) [ 55 | 1.12

Again, most of the lowest assessments are given by the NV group, the one
without remote partner representation. The enhanced collaboration EC group
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assessed question C2 lower than the other groups. However, with a value of
X = 5.8 & 0.46 this statistical average still belongs to the generally high rat-
ings of this question. Therefore question C1 will not be considered for further
evaluations. Because of the absence of the partner and his/her input device
and tool representations it becomes evident that the evaluators did not always
know where the partner was standing (C4) and doing (C3). Thercfore C3 and
C4 show low average values for the NT and NV groups with NV a bit lower
than NT. In order to compensate for the missing representations these groups
spoke more frequently to the partner than other groups (C6). The lowest aver-
age value is encountered for the reference group. Obviously there was no need
to talk much with the partner as they were working with all representations
on an casy collaboration task.

Although there was more communication within the NT and NV than in other
teams the evaluators did not have the impression to be equal in rights during
the collaboration session (C7). Also the partner is not accepted to he equal
in rights as C8 indicates. The collaboration was especially satistying for the
enhanced collaboration on the first place and the reference group on the see-
ond place (C12). NT and NV suffered again from the missing representations.
The enhanced collaboration task which forces the partner to work togethoer
more collaboratively has positive influence on the overall satisfaction. The
work was perceived as a suceess. The drawback is that these partners had
to debate more before they could come to an arrangement about a particular
action (D2). The observers gave low assessients for the NT and NV groups
too.

After this analysis the following conclusions are drawne it is confirmed again
that users try to compaousate for missing representations with other tools or
forms of communication. To force wsers into a situation where they have to
search for alternatives has negative impact on the pereeption of co-kunowledge
and user satistaction,

The third part of the statistical analysis deals with the investigation of the
impact on usability with respect to the changed initial evaluation conditions.
Lowest ratings are highlighted using a bold font.

i Question Al [ Question A2 |
X AX X AX
1. Group (Ref) | 5.2 | 0.74 1. Group (Ref) 55 | 0.68
2. Group (NT) 57 1 0.35 2. Group (NT) 4.7 1 0.38
3. Group (NV) 5.2 | 0.57 3. Group (NV) [ 4.0 | 0.76
4. Group (EC) 5.4 | 0.50 4. Group (EC) 4.5 1 091
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| Question A3 | [ Question Ad ]
X AX X AX
1. Group (Ref) 501 059 1. Group (Ref) 4.9 ( 047
2. Group (NT) 4.1 1 0.59 2, Group (NT) 3.9 1 0.83
3. Group (NV) | 89| 0.77 3. Group (NV) | 26 | 0.77
4. Group (EC) 4.5 1 1.02 4. Group (EC) 42 1 09

[ Question A6 | [ Question A7 |
X AX X AX
I Group (Ref) | 5.1 ] 061 1. Group (Rel) |48 | 057
2. Group (NT) [ 4.1 | 0.86 2. Group (NT) | 4.2 | 0.66
3. Group (NV) 4.3 1 0.83 3. Group (NV) 4.3 1 0.90
4o Groap (EC) 4.9 ) 0.76 4. Group (EC') 4.7 1 0.89

( Question A8 | l Question D1 |
X AX X AX
1. Group (Ref) 5.2 | LOG I Group (Ref) 4.8 1 0.90
2. Group (NT) [ 4.3 ] 0.59 2. Group (NT) Hel | .30
3. Group (NV) 4.3 1 077 3, Group (NV) | .8 | 0.97
4. Gronp (ECY) 491 0.72 4. Group (ECY) AR 076

Most of the lowest assessments are given again by the NT and NV groups,
Especially the NV assessments of user comfort concerning input devices (A2),
stereo shutter glasses (A3) and cabling (A4d) are very low. The average values
are closely followed by the low assessments of the NT group. Both groups
see the user comfort as problematic while working,  The low average value
of the reference group for question Al is not fitting into this scheme, Al is
querying information about the responsiveness of the systen, Apart from this,
the highest assessments are always given by the reference group, Low average
values with a quite high statistical cortainty are computed for the NI group
without remote tool and input device representations for questions AG, A7
and A8, These questions are querying information about tool representations
and whether they are intuitive (AG) and about the alignment of tools (A7)
and menus (A8). The external observers confirined that the evaluators on the
NV group had to think the longest before they were able to perform a certain
action. It is conspicuous that the order of average values from low to high
begins with assessuments of the NV group, closely followed by the NT and EC
groups. Obviously the enhanced collaboration does not affect usability items
negatively although they are lower than the assessment of the reforence group.
These observations enable to draw the following conclusions.

Conclusions and CVE Rating Scheme

With the variation group analysis it is confirmed that the absence of represen-
tation forms has a negative impact on usability. It is proved by the statistical
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results from the variation group analysis that a missing remotc partner rep-
resentation handicaps the CVE tcam more than missing remote tool and in-
put device representations. The intensification of a collaborative work session
without restrictions in representations shows impact on usability too. Now in
conjunction with the conelusions of evaluation analysis sections 6.4.2 and 6.4.4
it is possible to formulate a CVE rating scheme.

This scheme consists of a chain which starts with the most important thing
for a CVE, the audio link to the remote partner. Without audio it is im-
possible to work adequately. The next component is the video representation
of the remote partner.  Although this representation form is important it is
not essential for the completion of the collaborative task. The users are able
to compensate for this missing feature with other adequate tools or forms of
communication. The third item is the remote tool and input device represen-
tation. These representations support completing the collaborative task but
they are also not essential. It is proved from the conclusions of the former anal-
ysis sections that compensation always performs at the expense of usability or
the pereeption of co-presence and co-knowledge. Users who do not sutfer any
wissing representation features perecive the collaboration in a CVI as most
satisfying. If only one feature is missing the usors have to compensate for it by
adequate other tools and mechanisis, As a consequence the users are unable
to concentrate on the task. The compensating tools and mechanisims stress
most of the user’s senses ina way that these are occeupied and overloaded.
Therefore the users pereeive the usage of equipment, virtual tool and menus
as disturbing and confusing. Users who feel supported are rather willing to
accept components which are weak in terms of usability.

6.4.7 Advanced Guidelines

Finally it is possible to formulate some further guidelines with the results
obtained by the variation group analysis :

o CVE design and realization should consider the CVE rating schewe,

e An audio link to the remote partner(s)/team needs to be more reliable
than a video link.

A synchronization of audio and video streams is not necessary as long as
the delay is not bigger than ten frames.

Appropriate remote tool and input device representations are supportive
but with minor importance relative to the video link.
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o If appropriate remote tool and input device representations are difficult
to realize ensurc that equivalent, compensating tools and mechanisms are
offered. Action feedback is able to help overcoming this representation
drawback.

e Lxport heuristic, formative and sununative evaluations of the stand-alone
Virtual Environment might not be able to identify weaknesses concern-
ing the usability design for a collaborative Virtual Envivonment. The
alignment of virtual tools and menus as well as the usability of input and
output device combinations and other equipment should be designed and
implemented with respect to CVE evaluation results.

e Work tools and mechanisms should be designed in order to dishurden the
users senses. High cognitive load, uncomfortable, non-intuitive usability
and usor fatigue have negative impact on the pereeption of co-presence
and co-knowledge and thus collaboration.

6.4.8 Conclusions

This chapter introduced an evaluation framework for Collaborative Virtual En-
vironments derived from a Human-Computer-Human interaction model. With
thic help of this evaluation framework 60 non-VE-expert evaluators assessed the
CVE in terms of usability and collaborative awareness, For doing so alternat-
ing eycles of expert heuristice, formative and sunumative evaluation are applied.
The statistical analysis of the numeric evaluation results are then used for the
formulation of CVE implementation guidelines supporting team work. For per-
forming intelligent evaluation, specific questionnaires and evaluation items are
designed and a new analysis method (Variation Group Analysis) is developed.
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