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Abstract

A problem with collaborative development of docu-
ments is that people can interfere with each other’s work.
If unresolved, this interference can result in an incorrect
document. A evaluation scenario using the development
of a database design is proposed as a good context for
evaluation of collaborative systems for the development
of both text and diagram documents. Several metrics and
measures are described for quantifying the occurrence of
interference. In particular, five survey questions were
added to a standard usability instrument to address in-
terference and protection.

1. Introduction

People working together at the same time on the same
document can interfere with each other’s work. They
could make conflicting or inconsistent changes in a text
editor. The two dimensional aspect of diagrams adds com-
plications not found in linear text. The term “interference”
is used here to mean an action, or actions, taken by a per-
son that are not consistent with the intentions of another
individual. By this definition, two people can cooperate in
acting on the same item without it being considered to be
interference. Such interaction can reflect the synergy pos-
sible with collaborative work. The focus of the research is
on the development of documents that are a final output of
the task, not just an ad hoc aid to communications like text
chat or an electronic whiteboard. For the final deliverables,
correctness is essential. Undetected interference can cause
inconsistencies or errors that can make the document
practically worthless. At a minimum, interference results in
time lost resolving the conflict.

Some argue that the system does not need to explicitly
prevent interference. Stefik et al. [1] observed that normal
social protocols tend to lead people to avoid impacting
other’s work without permission. However, unintentional
interference is outside of the scope of social protocols
which can only work when people are aware of the inter-
ference.. Various strategies have been discussed for
avoiding, preventing, detecting or correcting such interfer-

ence. The need for such ‘concurrency control’ techniques
in Computer Supported Cooperative Work (CSCW) and
the problems with it have been discussed for at least the
last decade, e.g. [2], [3] and [4]. Concurrency control cor-
responds to the ‘Coordination of Action’ and ‘Protection’
components of the mechanics of collaboration [5]. It oc-
curs at the Technology level in the Collaborative Frame-
work of [6]. The nature of interference and the impact on
the people using the system is important because this in-
formation is needed to select the best control technique to
use.

The next section presents a scenario that has been used
for evaluation of both diagram and text document devel-
opment. This database design scenario is promoted as one
that has broader applicability. Sections 3 and 4 discusses
the metrics and measures [6] used to quantify interference.
The paper concludes with a discussion of key points.

2. Database design scenario

This section discusses the selection of the database de-
sign scenario and the details of its usage in two studies.
The participants were each provided with a catalog from
the same retail/mail order business and instructed to de-
velop a database design for that company. They were in-
structed to start with the portion of the design that repre-
sents the items the company sells. The catalogs provided
examples of the data requirements for these items. The
catalogs could also be used to choose between design al-
ternatives, for example, using “product ID” as the primary
key instead of “product ID, size and color”.

2.1. Scenario selection

The database design scenario has a number of desirable
attributes:

Multiple Output Formats: The design can be repre-
sented in a variety of diagram and textual styles. An En-
tity-Relationship (ER) [7] diagram, (Figure 1) has rectan-
gles representing entities, ovals representing attributes and
diamonds showing relationships between entities. A fre-
quently used text format to express the design is based on
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Figure 1 Sample ER diagram as drawn by participants.

mathematical set notation. Table 2 shows the same design
with entity names followed by lists of attributes in paren-
theses. Table 3 is an implementation of the design using
SQL, a common language for database definition. While
textual development of a database design may not encom-
pass all the tasks found in writing prose documents [8], it
was sufficient for the interference studies. If prose is nec-
essary, the scenario could be extended to add a memo or
design report. Table 4 is a brief narrative describing the
design illustrated above. Since the scenario can result in a
different diagram and text formats, any variation in col-
laboration measures associated with format can be investi-
gated.

Task Type: Using McGrath’s classification[9], this is
an intellective task. There is anecdotal evidence of usabil-
ity testing of diagram and word processing software with
scenarios in which the participants must recreate an exist-
ing document. This approach was not expected to ade-
quately represent the group interaction and time necessary
to create the design as well as to represent it in the docu-
ment.

Realistic: A preliminary survey of information tech-
nology graduate students [10] and ethnographic observa-
tions of software engineering groups [10] confirmed that
database design tasks are often the responsibility of a
group of analysts. While such tasks are not currently sup-
ported by synchronous groupware, testing such applica-
tions with this scenario is not unreasonable.

Participants: Database design is taught in courses in
numerous academic departments including computer sci-
ence, information systems, information science and man-
agement information systems. With this variety of aca-
demic backgrounds, participants are likely to be more di-
verse and hopefully more representative of information
technology professionals than a discipline specific sce-
nario. For studies run in an academic environment, the
multiplicity of courses should increase the participant

Table 1 Sample database
mathematical set notation.

design using

Products(ID, Name, Description, Size, Price, SalePrice)
Customer(ID, Name)

Table 2 Sample database design using SQL
statements to define the database tables.

CREATE TABLE Products (
ID Number,
Name varchar(40),
Description varchar(120),
Size varchar(20),
Price number(5,2),
SalePrice number(5,2),
Constraint ProductPK Primary Key (ID));

CREATE TABLE Customer(
ID number,
Name varchar(40),
Constraint CustomerPK Primary Key (ID));

Table 3 Sample database design as text narra-
tive

There are two main entities and corresponding tables in
the database. The first one is Products. The attributes of
products are a unique identifier called ID which is the
primary key for the table. Additional attributes include
the name of the product, description, size, price and sale
price. The second entity and table is called Customer
and has a unique ID as the primary key and another at-
tribute for the customer name...
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pool. The task is similar enough to assignments in an in-
troductory database course, that students should have the
knowledge necessary to participate.

Correctness Assessment: It is also relatively easy to
evaluate how well a design represents the data for a given
set of business requirements. For example, the rules for
database normalization can be applied to the design. This
provides a clearer basis for the evaluation of the effective-
ness of the software than graphically similar, but less well
defined diagrams such as mind mapping diagrams or gen-
eral text development tasks.

Open Ended: The task is large enough that it is un-
likely that any participants will complete the entire task in
an experimental session of reasonable length. This helps to
eliminate upper bound limits on measurements of effi-
ciency and productivity.

Unscripted: The scenario does not prescribe how the
work is to be done, only the end document type is speci-
fied. This allows a group of participants to organize the
tasks as they choose and select the appropriate transition
tasks and times.

Group Size: The scenario can be used with individuals
or groups. Especially with an expansion in the scope of the
design, (for example to include order processing, ware-
housing, and supply chain issues,) the group size could
easily be increased. A single user version of the ER soft-
ware is currently under development to provide compari-
son for group and individual productivity, efficiency, cor-
rectness, etc.

Synchronicity: In addition to real-time document
sharing, the scenario could be used for asynchronous work
with either check-in/check-out or merge strategies.

Communications Support: Based on observation of
groups in the initial studies, some level of communication
services are needed to support the design task. However,
these can range from text chat through audio to
audio/video at varying quality levels.

Beyond the Lab: While the initial work was done as a
lab study, database design tasks seem to be frequent
enough in software engineering environments that addi-
tional ethnographic or field studies of the collaborative
system could be completed.

Diagram Extensibility: Another factor in selecting ER
diagrams for the initial study is that they are similar to
many other types of diagrams based on nodes and edges,
so it might be reasonable to extend the results to a broader
range of diagram types.

2.2. Scenario implementation

The initial studies using this scenario involved groups
of three people creating ER diagrams or text documents
using set notation. Their work was synchronous. They

each worked on separate computers. The shared document
was updated after the completion of each action by any
participant. They could talk to each other, but were unable
to see each other’s computer monitors. Figure 2 illustrates
a typical session.

Figure 2 Initial study showing two participants
with a divider between them

3. Metrics

Data collected during the initial studies included system
data logs, observer notes and audio video recording. In
addition, participants completed a demographic survey, a
usability questionnaire, and participated in a brief inter-
view.

User activity, such as adding, moving, connecting, dis-
connecting and deleting shapes, was recorded by the col-
laborative diagram software. Keystrokes and mouse clicks
were recorded for the text version. The experimenter made
contemporaneous observations of the group. Those notes
were recorded using a custom application similar to those
used in video analysis which wrote to the same system
data log file.

A video recording was made from the computer moni-
tor of the observer. This was scrolled and zoomed by the
observer to display a reasonable overview of the current
activity. Individual microphones recorded conversation
from the three participants onto the stereo audio channels
of the video tape. One participant’s audio was recorded on
the left channel, one on the right channel and the third on
both channels. Signal processing could be used to separate
the signals for analysis. In the analysis performed to date,
headphones have been sufficient to identify who was
speaking based on which ear or ears the sound was coming
from.

The demographic data included questions about aca-
demic and professional background, familiarity with vari-
ous software engineering techniques, experience with
software packages and knowledge of business functions
relevant to the scenario. There were questions that meas-
ured how well the participants knew each other.

The survey given to the participants after the session is
the Computer System Usability Questionnaire (CSUQ)
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[11] with additional questions specific to collaborative
work. These questions are included in Table 4. Question
19 focused on awareness. Question 20 was the primary
question about interference. Question 21 was designed to
quantify the impact of any interference. Questions 22 and
23 were written to identify the frequency of over and un-
der protection of their work from interference.

A factor analysis in a manner similar to [11] was per-
formed on the responses from all 63 participants (57 dia-
gram, 6 text) in the initial studies. This sample is smaller
than Nunnally’s [12] guidelines for identifying stable fac-
tors which suggests 100 participants for this size survey.
Five factors were found to underlie the twenty questions
analyzed from the enhanced survey. The first three factors
roughly correspond to Lewis’ factors. The last two factors
are new and are uncorrelated with the questions in the base
CSUQ survey.

The new questions added to this survey contribute only
to factors 4 and 5, not to any of the factors identified by
Lewis. Questions 20 (unexpected changes) and 21 (inter-
ference impact) compose factor 4 which can be described
as the interference factor. Factor 5 consists of questions 22
and 23 about shape access and can be thought of as a pro-
tection factor.

4. Measures

The metrics described in the previous section were used
to compute measures for interference and sharing. A third
group of measures are more general and were computed as
a basis for comparison for future studies with different
output formats, concurrency control approaches, etc. A
fourth section describes a useful visualization of the data.
The measures are described here in the context of dia-
grams, but they can be applied to text documents by sub-
stituting “word” for “shape.”

4.1. Measures of interference

The primary results are the rates of interference. This
can be reported as the number of incidents per unit time or
the number of incidents per shape (or word). Rates for
specific types of interference based on particular actions,
e.g. simultaneous text change for a diagram shape, can be
reported as a rate per action occurrence.

The participants’ impression of frequency and severity
of interference was measured in the usability survey and
observed through their contemporaneous comments and
during the follow up interview.

Since two people working on the same shape is only
interference if their intentions are different, another meas-
ure of interference is the percentage of same shape work

Table 4 Additional usabiltity survey questions

with Likert scale labels.

19 It was easy to know who was working on a
shape. (strongly disagree - strongly agree)

20 Other people changed shapes I was working with
in ways I did not expect (Never - Always )

21 If there were unexpected changes, how much did
that impact your work? (No impact - Severe)
22 The system prevented me from working on

shapes that I wanted to use. (Never - Always)

23 The system kept me from working with shapes
that other people really were NOT using. (Never-
Always )

that interferes versus cooperates.

The final measure of interference is the amount of time
spent in recovering from any interference detected by the
participants. This can be measured in person-minutes and
in elapsed time.

4.2. Measures of Sharing

If one ignores the case when two people add new items
in the same previously empty space, interference occurs
only when more than one person acts on the same shape.
The extent to which people work on more than one shape
is important for interference research.

Sharing can be measured as the percent of shapes that
are acted upon by more than one person. It could be im-
portant to distinguish situations where one person essen-
tially gives the shape to another person and does not work
with it again from situations where the most recent user of
the shape changes back and forth. Determining the number
of changes in person acting on a shape compared to the
number of different people working on the shape measures
this distinction. Each of these measurements can be com-
puted for all shapes or for shapes of a particular type (e.g.
entity shapes vs. attribute shapes in an ER diagram).

Closely related to sharing is a measure of the extent of
overlapping actions taken by different people on different
shapes. This essentially is a measure of how much parallel
work was done. This can be quantified as the percent of
actions taken by people within some short time (e.g., .5
seconds) of an action by another person.

4.3. General Measures

Standard concepts of productivity and efficiency can be
easily measured in terms of shapes per unit time or correct
shapes per unit time (to consider quality, not just quantity).
Similarly, time to complete predefined portions of the sce-
nario is another measurement.
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The correctness of the design could be evaluated by a
panel of experts. Self-evaluation by the participants could
show differences between different systems or modes.

It may be possible to get some sense of individual con-
tribution to the final document be examining the number
of items (shapes or words) created by each participant that
remain in the final document. Another measure of contri-
bution might be the number of items that each individual
was the last person to modify. (Such a measurement might
have to adjust for minor actions, such as cosmetic move-
ment of shapes. Otherwise the person who did a final cen-
tering of the diagram on the page would receive credit for
all of the shapes.)

There may be some value to analyzing the types of ac-
tions and the types of shapes. If significant patterns are
found, this increased understanding of diagramming be-
havior could guide development of better interference
detection and control services. For example, one could
measure the number of actions per shape and look for dif-
ferences in the number of actions for different types of
shapes. For example, different control mechanisms might
be appropriate if it was confirmed that entities are rarely
edited but have frequent connections while attributes are
frequently edited but only connected once.

4.4 Visualization

Diagram interaction graphs, for example, Figure 3,
were developed as a concise visualization of the sessions.
The graph represents the sequentially assigned shape num-
ber on the vertical axis and time on the horizontal axis.
The actions taken by each participant are represented by a
different symbol on the graph. The graphs are especially
helpful when color is used to represent the different par-
ticipants. One can easily look at graphs from multiple ses-
sions and see different patterns of interaction.

Actions on the same horizontal line represent actions
taken involving the same shape. One can see how many
and which shapes were used by more than one person. For
example, the horizontal line in Figure 3 marks activity for
shape 19. It was created (11:47) by participant C and
modified a minute later. At 11:50, participant D worked
with it and later (11:53) C worked with it again. Shapes in
the same vertical line were acted on at the same time.
These usually represent two shapes being connected to-
gether or disconnected from each other. Other causes of
simultaneous actions are group moves and copy/paste of
several shapes at once. For example, in Figure 3, the verti-
cal line show participant C connecting shapes 2 and 19 at
11:53. Potential interference and cooperation is also ob-
servable as closely intermixed actions by multiple people
on the same shape.

Future enhancements for the diagram interaction graphs
will include an indication of the type of shape (entity, rela-

tionship, attribute, line). The type of action could also be
represented with other symbols for adding, moving, de-
leting, connecting, or disconnecting shapes.

Sufficient data was recorded in the system log files to
allow the session to be replayed and the diagram recreated.
This would allow for repeated analysis and could support
changes in time scale (fast forward, slow motion) and a
different view (zoom or pan) from that recorded on the
contemporaneous video.

5. Discussion

The interference results for collaborative diagramming
have been reported in [10]. Work with collaborative text
editing continues.

Database design development seems to be a reasonable
task for collaborative system evaluation. The design
document can be a diagram or a text. A reasonably wide
range of people in an academic or software engineering
environment are familiar with database design and ER
diagrams. There are accepted standards for database de-
sign, making it relatively easy to evaluate the quality of the
database designs to measure system effectiveness and effi-
ciency.

Four of the new usability survey questions were found
to correspond to factors identified here as “interference”
and “protection”. The fifth question related to awareness
and was not identified with any factor. The relative lack of
awareness support in the systems being tested may have
resulted in highly variable responses with lower correlation
to the other questions. Neither of the two new factors
overlap with the factors identified by Lewis. None of
Lewis’ questions were significant components of the new
factors. The conclusion is that the new questions appear to
be a useful addition to the CSUQ questions for use with
CSCW evaluations. The factor analysis should be repeated
when more data is available to confirm these preliminary
results.

The diagram interaction graphs provide a concise visu-
alization for the large amount of log data recorded. The
trick of recording three audio channels on a stereo video-
tape could have general applicability to usability evalua-
tions with three participants.
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