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In this article, an evaluation of the behavioral change of groups collaborating towards the
production of multilingual digital content is provided by using the data publication duration
times as a proxy. In parallel, the assessment of feedback as a stimulant of social behavior in
developing such systems is given. The evaluation is based on a system developed by a consor-
tium of experts in the context of a European project towards the provision of an eServices plat-
form on Organic Agriculture (OA). Group behavior of the partners involved is studied and
analyzed using regression models for the extraction of trends and patterns while the results of
their collaboration are discussed and valuable conclusions regarding the improvement of col-
laborative work over the Internet are presented.
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Over the last decade, the World Wide Web has been constantly expanding and is
now recognized as a powerful medium offering the tools for the creation and manage-

ment of multilingual and multicultural environments. The evolution of the offered services
goes far beyond the basic communication, fully exploiting the Internet’s potential. A
great amount of information is being organized in online digital libraries, which offer a
practical and comprehensive tool for the provision of access through a single point world-
wide. Furthermore, the implementation of such tools leads to dissemination of knowledge
beyond any limits and borders, creates cultural awareness, and contributes to the empow-
erment and strengthening of communities (Downie, 2003; Whiten, Loots, Trujillo, &
Bainbridge, 2001).

However, in spite of the existence of several multilingual platforms which have been
successfully implemented (IEEE Computer Society Digital Library Home, 2007; Oxford
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Digital Library, 2007), the need for more and specialized platforms still remains as new
areas of interest emerge.

Though this need for the design, implementation, and operation of such platforms still
exists, there is no framework for evaluating the level of cooperation between the different
groups that collaborate in the process of multilingual content publication. On the other hand,
in sociology, biology, and psychology the behavioral patterns of individuals and groups
working, learning, and cooperating toward a common goal or inside the same limited envi-
ronment have been thoroughly analyzed (Boyd & Richerson, 1988; Cavalli-Sforza
&Feldman, 1981; Giraldeau, Caraco, & Thomas, 1994; Lefebvre, 1995; Rogers, 1995). So
has the information seeking behavior, which is in many cases a constituent part of the over-
all process of multilingual content collection and publication (Barahas & Higueras, 2003;
Ellis, Cox, & Hall, 1993).

In this article, the behavioral change of groups collaborating towards the production of
multilingual digital content is investigated using data publication duration time as a proxy
and using as a basis the evaluation of the behavior of cooperating groups of agents, animals,
and organisms as these have been studied and reported in the bibliography (Reader, 2004).
The results of related work as regards information seeking behavior and cooperative work
are taken under consideration for the description and conducting of experiments followed by
evaluation and discussion of results over a real case study: the implementation and operation
of a multilingual content collection platform for Organic Agriculture (OA; Bio@gro project
Home, 2005). It should be noted that by the term platform we describe an integrated set of
applications consisting of a web server, a content database, an offline content processing and
metadata annotation tool, and the corresponding interfaces for users contributing, process-
ing, and accessing the stored information. Furthermore, the reasons for selecting OA as a
case study should be explained: OA is an international movement generated through the sen-
sitization of the global community towards environmental preservation and assuring of food
quality (European Commission, 2003). The selection of OA as a case study in this article is
based on the fact that although OA experienced a significant development in many countries
finding relevant and accurate OA information is often difficult (e.g., due to language obsta-
cles), time-consuming, and requires access to multiple resources. Therefore, the design,
implementation, and content population of a portal on OA, with multilingual, certified con-
tent of high quality, certified by OA experts is a challenging task, especially as regards coop-
eration of all contributing parties.

The next section of the article is dedicated to the presentation of the evaluation frame-
work, giving a description of the methodology used, together with a presentation of the
European project Bio@gro that has been used as the test bed for the needs of our work. The
evaluation and the corresponding results are provided in the next section. The article con-
cludes with recommendations on improving the performance of collaborating groups for
specialized and certified content publication over the Web.

Description of the Evaluated Framework and Adopted Models

Several models have been proposed regarding information seeking behavior and have been
thoroughly analyzed in the bibliography. Among them, the two most cited are that of Ellis
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(Ellis, 1989; Ellis et al., 1993) and Kuhlthau’s (1991). The above models are based on empir-
ical research which has been studied in subsequent studies, which gives them an advantage
compared to all other, more theoretical approaches, while they function at different levels of
the overall process of information seeking (Wilson, 1999). Ellis’ model, though developed for
a nondigital environment, can be adapted to the on-line environment (Barahas & Higueras,
2003), although it has been developed according to the theories of cognitive psychologists
(Shankar, Kumar, Natarajan, & Hedberg, 2005). However, Kuhlthau’s work may be consid-
ered complementary to that of Ellis, because it attaches to the stages of information seeking,
associated feeling, thoughts and actions as well as the appropriate information tasks. This lat-
ter feature is important to our evaluation study as the identification of actions and tasks asso-
ciated with each level of information seeking is important for analyzing the process of
information collection in distinct phases. Through this analysis, information collection can be
easily mapped to corresponding steps in the overall content collection and publication
process. For this, the Kuhlthau’s model has been adopted. According to the model, there are
six stages in the information seeking and presenting. In the case of identifying the different
stages in the design and implementation of a project for the provision and support of a data
collection or digital library, the Kuhlthau’s model is still valid. Therefore, it has been used to
map all six stages (initiation, selection, exploration, formulation, collection, and presentation)
to a specific part of the information seeking process in the Bio@gro project. The description
of how these six stages of the aforementioned model have been adopted in our case, are pre-
sented in Table 1.

Finally, the issue of in-group cooperation of its members has also been addressed.
According to Hansen and Järvelin, human collaborative activities show a pattern that com-
prises of asking colleagues both internally and externally regarding experiences, and search
strategies (Hansen & Järvelin, 2005). Moreover, O’Day described four levels of information
sharing in group situations: sharing results with other members of a team; self-initiated broad-
casting of interesting information; acting as a consultant, handling search requests made by
others; and archiving potentially useful information into group repositories (O’Day &
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Table 1
Description of the Content Collection Framework

Stage Process

Initiation Identification of the informational framework of the data to be collected, which 
is the area of organic agriculture (OA).

Selection Selection of the specific electronic services and content categories regarding 
OA that should be supported.

Exploration Search for information sources (not content) through libraries, the Internet,
university courses and seminars, and results of research projects.

Formulation Specialization of content collection process according to user requirements, as
these have been recorded through surveys of user needs and experts’ opinions.

Collection Actual content collection through traditional and electronic sources to complete 
the data collection about OA to be used in the platform perspective of the topic.

Presentation Preparation of summaries of the content, the translation and localization of the 
content, and the insertion in the platform in terms of data and metadata are 
performed.
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Jeffries, 1993). In the Bio@gro project, the above levels have been adopted and translated to
the necessary guidelines for in-group collaboration of group members. As a result, each group
acted independently as regards the collection of information for each particular country and
corresponding language, while any internal group assistance in searching, was performed
within the group, or by the inclusion of extra associates, that operated as members of the
information collection and processing group.

Taking into account the above, the work presented in this article is focused on the behav-
ioral change of the groups that have collaborated in the context of the Bio@gro project for
the implementation of the four latest stages of the Kuhlthau’s model. The two first stages,
namely the initiation and selection, have been completed before the start of the first evalua-
tion period. In our evaluation, we have tried to translate the performance of groups, as this
is recorded through the volume of published content over time, and tried to translate the find-
ings by using proposed models for the description of social and asocial behavior.

Before we proceed with the assumptions we have made, we should first elaborate further
on the past work regarding the definition of social and asocial behavior. According to Roper
(1986), a sigmoid function can be used as a tool for diagnosing social transmission eliminat-
ing the possibility of asocial learning behaviors. Further research has been performed on
whether distinguishing learning behavior according to the functions which describe the
cumulative distribution is feasible in each case (Cloutier, Newberry, Honda, & Alldre, 2002;
Galef, 1990; Rendell & Whitehead, 2001; Shettleworth, 1998). However, new studies that
deal with these assertions raise doubts on this method of identifying or predicting social or
asocial learning behavior (Day, Kendal, & Laland, 2001; Galef, 2001; Huffman & Hirata,
2003; Lefebvre, 1995; Reader, 2004; Wilson, 1999). Based on Reader’s conclusions, distin-
guishing social and asocial behavior based on diffusion curves is a rather challenging proce-
dure. Sigmoidal diffusion curves may suggest either social or asocial learning behavior and
the case of using accelerating curves as a diagnostic tool involve a set of special parameters
that must be taken into account (Reader, 2004). However, the fact in all the above research
work is that accelerating curves, such as the sigmoid, represent learning behaviors.

The aforementioned results have been taken into consideration in the evaluation of the
behavior of groups and the study of behavioral changes, as these were measured over the
change or improvement of publication times. Conclusions about the social or asocial
behavior of these groups were drawn on this basis.

The Bio@gro eServices Platform

The Bio@gro platform has been the product of an European Commission funded project,
aiming at the development of an OA eServices System (Sideridis, Costopoulou, Patrikakis,
Manouselis, & Stalides, 2005) in the framework of the eContent programme that aimed at
making digital content in Europe more accessible, usable, and exploitable. In this context,
the Bio@gro project has developed an e-services platform, consisting of several modules,
the most important of which has been the Information Catalogue (Patrikakis, Sideridis,
Konstantas, & Stalides, 2006), for implementing a data collection covering several topics
related to OA. The majority of this collection constituted information that was already
published over the Internet, following the requirement of the eContent framework for the
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provision of new platforms that facilitate access to existing public and certified informa-
tion, rather than the creation of new content. Each entry of information called BCO
(Bio@gro Content Object) is available in the platform in four languages (English, Greek,
German, and Romanian) and covers the following categories: news and events, legislation
and certification related information, scientific articles, studies and best practice guides,
directory of OA organizations and agencies, farmers, suppliers and processors, market
reports, educational material, and online courses. For the collection of content, a set of
quality criteria were followed regarding the relevancy to OA, the reliability (of source and
content), regional relevancy, and timeliness (Lang, Eppler, Sideridis, & Patrikakis, 2005).

To ensure an effective work flow management during the content collection process, dif-
ferent groups of users were created. A group of experts (Bio@gro Editors and Publishers)
in organic farming was created to manage the collection of content, while another group
(Steering Committee) of highly experienced academics and professionals was assigned to
peer review and evaluate the published content. The users of the system were agronomists
or researchers in the field of Agriculture. Therefore, lack of knowledge and familiarity in
using Internet technologies has been be taken into account as this has been recorded in the
user requirements capturing phase (Patrikakis et al., 2006, Patrikakis, Sideridis, Koukouli,
Manouselis, & Kostopoulou, 2006). Furthermore, the users had to be introduced with the
term of metadata and also to be familiarized and trained to insert the collected information
according to the metadata schema that was adopted (Dublin Core Application Profile [DCAP]
Guidelines, 2005). For this reason, all the members of the above groups were trained in col-
lecting the metadata for the BCOs, the use of the online mechanism, translation require-
ments and norms, before the initial phase of the content collection and evaluation process.
Therefore, the collaboration between the groups of users was imperative and the way this
collaboration was performed is a part of this study. The result has been a new platform that,
though it had been based on existing software, was in fact a completely new system incor-
porating new modules, methods for data handling, new user interfaces, and work flow sup-
port mechanisms.

For tracking and collecting the content, two different groups (Bio@gro Collectors &
Modifiers) were created from each participating country and were assigned with the task of
providing (and translating/transforming) specific content, either from their own specific field
of work (e.g., horticulture, poultry, market reports) or from other content categories. All the
above roles are described graphically in Figure 1, where the relationships between all entities
are highlighted. In the figure, the different actions and responsibilities of each actor group, as
well as the interfaces between them are depicted, following the work flow of information pro-
cessing from the initial collection to the final publication and external auditing.

The Bio@gro platform under study here can be characterized as a Distributed Collective
Practice (DCP) rather than simply a Computer Supported Cooperative Work (CSCW). The
reason for this characterization is that the term DCP is used to signify collective activity
mediated through geographical and conceptual distances, time, collective resources, and
heterogeneous perspectives or experiences (Turner, Bowker, Gasser, & Zacklad, 2006),
covering a broader area of activities than CSCW systems, which are focusing on practice
and not products (Schmidt, 2000). As regards the issue of collaboration between heteroge-
neous groups in the context of a DCP, the subgoals of heterogeneous actors may vary
based on their own understandings of the overall goal. Therefore, the actual work of the

Patrikakis et al. / Multigroup Collaboration for Content Publishing 63

 at Agricultural University of Athens on January 27, 2009 http://ssc.sagepub.comDownloaded from 

http://ssc.sagepub.com


collective practice can happen only when there are immediate alignments of individual or
organizational objectives with the larger arena of practice (Cragin & Shankar, 2006).
Starting from the conclusions of Cragin and Shankar, we can see the importance of evalu-
ating the behavioral change (and in parallel the changes in the overall performance) of
actors participating in a collaborative practice and the efficiency of all groups with respect
to the overall objective.

Content Collection and Publication Process

According to the methodology used, the design of the content collection, evaluation, and
publication process was separated into two phases: the first allowed groups to work indepen-
dently, with the minimum level of communication, not including exchange of knowledge or
information regarding performance and good or best practices, whereas the second incorpo-
rated the necessary feedback mechanisms for indicating problems in performance and qual-
ity, as well as inadequacies of some groups compared to others. In both stages, the work
performed by the participating groups was identified as the one described by the four latter
stages of the Kuhlthau’s model, namely, exploration, formulation, collection, and presenta-
tion (Kuhlthau, 1991). The inclusion of the feedback mechanism has been performed in the
context of a process that tried to integrate at the second phase a collective conscience to the
system, similar to that encountered in social groups, where collective knowledge is used to
improve performance in specific tasks through social learning (Reader, 2004). As Wilson
(1999) very well points in his study on models in information behavior research: “informa-
tion processing and use is shown to be a necessary part of the feedback loop, if information
needs to be satisfied” (p. 256). For this, the prime concern when designing the feedback
mechanism was the inclusion of information about the output results that covers both the
expert’s opinion on the produced content as well as the user’s feedback regarding access and
use of it. Therefore, the feedback mechanism can also be considered as a mean of diffusing
best practice experience among the groups. By the term “best practices,” we refer to a set of
guidelines, together with the corresponding application toolset used to assist the users in data
entry of the collected information, such as the metadata to be provided for each object and
the specific rules for completing the corresponding fields in the forms used in this procedure.
The experience has shown that even if the metadata schema for the content collection is spe-
cific and clear, reaching a point where all users have a common understanding in complet-
ing the metadata is a difficult task. This is due to many reasons such as inexperience with
the use of metadata provision and processing tools, different approaches and ideas on the
same issues, and lack of a common marking or evaluation scheme (what is considered very
good for me may be simply average to another). Therefore, the provision of additional assis-
tance in the form of guides and examples is imperative.

In the case presented in the article, best practices guidelines were created by the cross
examination of the reports collected as well as the internal communication of users when
special issues were raised regarding faulty entries that had to be removed and republished
after modification. The use of alerts during the second phase offered the tool for identify-
ing different behaviors among the users as regards their response to an alert as well as the
quality of their work.
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Evaluation Tests and Discussion of Results

Setting up the Trials and Defining the Evaluation Toolset

The evaluation phase was divided in two periods corresponding to the deployment of the
two phases described earlier in the article. In the first period, only the first phase of the con-
tent collection, evaluation, translation, and publication mechanism was deployed. After a
BCO was published, no feedback to the system was provided. In the second, the stimulating
mechanism was used, based on feedback from the postpublication evaluation of the content.
The first period started on July 27, 2006 and ended on October 17, 2006, while the second
period started on November 16, 2006 and ended on December 22, 2006. During the first
period, content collection, editing, and publication was performed in a pipelined mode.

For both periods, a reporting mechanism was installed that recorded the time needed for
the publication of a BCO from the moment it was initially introduced in the platform until
the time it was published. Hence, for each BCO in the system, a record containing the
action performed (introduction to the system, modification, publication), the BCO’s unique
ID in the system (referred to as X in diagrams), the period passed until its publication in
days (referred to as T in the rest of the article), and the ID of the person responsible for this
action were recorded. In detail, the report notifications consisted of three different message
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Figure 1
The Specific Roles of Actors With Respect to the Publication Procedure
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types, as follows: A “NEW” report notification message, sent whenever a new BCO was
inserted in the database. An “UPDATE” report notification message, sent whenever a BCO
was modified (e.g., translated) by a user. Finally, a “PUBLISH” report notification mes-
sage, sent whenever a BCO was certified and finally published in the platform. This infor-
mation was then analyzed accordingly to identify the steps followed until its final
publication. During the first phase, the users focused on learning the use of the system and
its capabilities. For this reason, there were a number of test entries although as the results
indicate the attention of the users was mainly to the familiarization with the content upload-
ing mechanisms rather than the translation of content from other users of the system.
Furthermore, at the second period a specific goal of publishing a concrete number of BCOs
until the end of the project was set to monitor and evaluate the performance of the collab-
orating groups with respect to specific targets (number of BCOs published). To support
this, monitoring of the number of BCOs published in the system was used, together with
an alerting mechanism to stimulate and intensify the work flow whenever this was neces-
sary. The mechanism was based on the provision of reports on the work done on a regular
basis and the dispatching of alerts to groups that lacked in performance. Through these
reports, users were also informed about necessary modifications in a way that a set of
guidelines for best practices was initiated through this procedure. This set of guidelines in
combination with the internal communication in each group had set up the collaborative
environment that resulted in a more tuned work flow during this phase.

The analysis of the data collected for the two evaluation periods was based on the num-
ber of publications produced over a specific time period. The report notifications for the
BCOs inserted in the platform were used for this analysis. The goal was to try and deter-
mine the behavior of the system in terms of performance measured over the time needed
for a BCO to be published. The data collected for the two periods were analyzed and regres-
sion models for both periods with a R2 (coefficient of determination) were produced. The
statistical analysis of the collected data to find a stochastic model for each subperiod and
the related prediction models was performed by using the statistical package StatGraphics
Plus v.4.0 applying a Simple Regression model for the 1st period and a Linear Regression
model with indicator variables for the 2nd period. The results, together with the corre-
sponding regression models for each case are given later in the article.

A Comparative Presentation of Results for the Two Periods

Processing of the log files for the notifications sent regarding the actions for content
upload and publication, reveals that in the first period there have been 136 new uploads, 529
updates, and 45 publications. The corresponding numbers for the second period are 375
uploads, 1,069 updates and 61 publications. The numbers indicate that the work in the sec-
ond period was intensified, and that all corresponding indicators have been multiplied.
Taking into account that the second evaluation period lasted much less than the first, we see
that the intensification of work is much higher. As regards the increase in the number of new
uploads, this can be partially justified by the fact that the contributors were more experi-
enced on the second period, and were more acquainted with the platform. Therefore, work
could proceed much faster. Furthermore, the feedback to the system provided by postpubli-
cation reports was causing resubmission of some objects, reported as NEW actions,
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contributing also to the increase of the number of new uploads. As regards the number of
new entries, the results show that these have almost tripled at the second period. The num-
ber of updates in the second period was increased (at a lower rate than that of new uploads
because some objects were modified before they were translated in all languages).

If we take a look into the system’s behavior, we see that apart from an improvement that
was caused by the increasing expertise regarding the platform use and the experience
related to the tasks performed the results of the two periods, as regards uploading and
updating new publications, present no difference and follow a linear pattern as depicted in
Figures 2 and 3. However, when examining the number of publications performed and the
mean time between upload and publication of a new object in the platform things are dif-
ferent. In both cases, the linear pattern observed in the new uploads and updates of BCOs
does not appear anymore.

Furthermore, if we try to examine the average number of days between uploading an
object and publishing it in the platform by examining the reports for each NEW and PUB-
LISH entry for each BCO collected in the reports, we see that as Figure 4 clearly indicates,
the average number of days between uploading and publishing a BCO is increasing in the
first period until it reaches a steady value of 67 days. At the second period, the number of
days starts from this value and is decreasing until it is stabilized at the value of 39 days. To
identify the behavior of the collaborative groups in the two evaluation periods, we have
examined the time it took for specific BCOs from their first appearance to the platform as
new entries to their final publication. Regression models were subsequently used to repre-
sent the patterns observed. In the following paragraphs, the results of this work for the two
periods are presented.

1st Period Analysis

During this period, a number of 45 BCOs published within 83 days was examined.
Figure 5 depicts the time needed for each BCO from the time it was inserted in the system
until it was published, during the first period of the evaluation phase. The horizontal axis
represents the IDs of BCOs inserted in the system in chronological order (number X cor-
responds to the Xth BCO inserted in the system), whereas the vertical axis represents the
time interval between the insertion of the BCO in the system in its original language until
the final publication in the multilingual form. At the same figure, the results of fitting a
regression model to describe the relationship between the system and the publication time
are also displayed by a continuous line. The fitted model is an S-curve with R2 = 95.80%
described by the following equation:

(1)

Trying to identify the behavior of the overall system, we have reverted to the global bib-
liography regarding the explanation of behavior of groups of agents, humans, and animals
which is presented in the section of the analysis of literature used.

Having in mind that the first period was characterized by the independent work of all
groups, we can assume that this is the result of asocial behavior. Hence, the findings of the
analysis of the first evaluation period indicate that such behavior indeed exists. The S-curve

T = e 4:5− 4:81
Xð Þ
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which describes with high accuracy the behavior of the system as regards the number of
BCOs published over time describes a natural process (Modis, 1996). The time needed for
a BCO to be published has gradually started to increase as more BCOs were inserted in the
system, which is reaching saturation point. This is because the critical mass of BCOs
inserted is greater than the corresponding total number of BCOs that could be processed by
the system within its capacity. The next period, in which the feedback mechanism acts as
the means for sharing, knowledge, and expertise among the collaborative groups, would
reveal if the behavior would change and improve.

2nd Period Analysis

During second period, 59 BCOs published within 31 days were examined. Figure 6
depicts the time needed for each BCO from the time it is inserted in the system until it is
published during the second period of the evaluation phase. As mentioned earlier in the arti-
cle, during the second phase a stimulating mechanism was used for delivering specific alerts
to the users. A time plan for the use of this alert mechanism was decided and for this reason
the results of the reports received by the system were analyzed for providing the neces-
sary feedback through the scheduled alerts. The time for sending each alert was decided
according to the specific circumstances of the corresponding period (e.g., holidays, absence
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of users, special conditions, etc.). These periods between each alert were found to be
reflected in the results taken, which depict the intensification of the users’ effort after receiv-
ing a new alert. The data for the second period analysis are divided in six subperiods. The
details for these subperiods are included in Table 2. It should be noted that the data collected
for the 1st subperiod (of the second evaluation period), have been omitted from the statisti-
cal analysis that led to the production of the model which describes the behavior of the sys-
tem. For this reason, equation (2) presented later includes periods 2 to 6. The reason for
omitting the data of the 1st subperiod is that during the transitional phase between the two
evaluation periods several BCOs that were produced during the first evaluation period
remained in the system. Therefore, the second evaluation period started with some data
already in the system, which resulted in deviations on the initial reports for this period. For
this, the related reports were not taken under consideration.

Trying to identify the behavioral pattern for this period, the Linear Regression model
with indicator variables was applied having R2 = 85.63% and R2

adj = 82.39% (adjusted R2).
The results show that the slopes of the subperiods analyzed are statistically different (P < .0001).
The equation of the fitted model is:

T = −15.77 + 1.59X − 1.84I3 − 39.27I4 − 85.16I5 − 171.3I6 − 0.53XI3 + 0.1XI4 + 0.87XI5 + 2.06XI6
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Figure 3
Phase 2-Number of Days Between Uploading an Object and Publishing it
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where X is the predictor variable and Ii, i = 3 . . . 6, indicator variables, where Ii = 1 if the
data belong to period i and Ii = 0 otherwise. This equation describes the following five
linear models:

T = –15.77 + 1.59X for 10 ≤ X ≤ 17
T = –17.6 + 1.06X for 18 ≤ X ≤ 30
T = –55.04 + 1.69X for 31 ≤ X ≤ 42
T = –100.93 + 2.46X for 43 ≤ X ≤ 49
T = –187.07 + 3.65X for 50 ≤ X ≤ 59

Looking at the history of the project and the log files, we found out that the passing from
one period to the next one coincides with the processing of a feedback report, and the cor-
responding meetings with the groups related to this report. Since it is obvious that the pro-
cessing of a feedback report clearly signifies the end of a period, and the start of another in
which the processing and publication times are improved, the next step was to determine if
the behavior of all the users is the same in all the subperiods. If the regression lines were
parallel, this would indicate that the system could not be affected by external factors or spe-
cial conditions. The fact that there is difference between the lines shows that the system is
influenced by special conditions occurred in certain periods which influence the behavior
of the users. These can be grouped in two different subgroups according to their slope.

The 2nd and 4th subperiods were further analyzed and the results show that these have no
statistically significant difference in their slopes (P = .7593). The analysis indicates that there
was no significant change in the behavior of the system for the 2nd and 4th subperiods as
regards publication times. On the contrary, the 3rd, 5th, and 6th subperiods present significant
difference in their slopes (P = .0001). Looking back at the time where this change has
occurred, it was discovered that these three sub periods present a different behavioral pattern
of the users because of the different circumstances and special conditions during each one.
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Figure 4
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More specifically, the delay observed in the content work flow during the 3rd period is due
to the users focusing their effort for the preparation of other deliverables of the project before
a consortium meeting. As regards the 5th period, this refers to BCOs that were published by
a single user in only one day, during which the rest users were unable to contribute because
of a consortium meeting. Finally, regarding the 6th period, this refers to the time when the
project was about to end and for this reason the effort of all the participants was focused on
completing all the necessary deliverables and reports of the project and not only in the oper-
ation of the publication mechanism.

Therefore, concentrating on the set of the 2nd and 4th subperiod, the outcome shows that
the deployment of the feedback mechanism has improved the performance of the system. In
this view, it could be claimed that the feedback reports and the corresponding meetings and
discussions of results have indeed brought the desired result: the good practices of some
groups and the bad practices of others have been known, and subsequently, the performance
of all groups was improved. As Figure 6 clearly indicates, the improvement on the system’s
behavior from the use of the feedback mechanism is evident. However, it should be noted
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Figure 5
Regression Model for the First Evaluation Period

Table 2
Subperiods of the Second Period and Number of BCOs Published

Subperiod 1st 2nd 3rd 4th 5th 6th

BCOs published 3 ≤ X ≤ 9 10 ≤ X ≤ 17 18 ≤ X ≤ 30 31 ≤ X ≤ 42 43 ≤ X ≤ 49 50 ≤ X ≤ 59

BCO = Bio@gro Content Object.
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that all subperiods demonstrate a pattern that is similar to that of the first period: the num-
ber of days for publishing a BCO increases gradually until the next feedback, in which a sud-
den decrease is encountered. Another interesting finding is that though there is no
statistically significant difference between the 2nd and 4th subperiod, as the number of
BCOs increases (corresponding to later time periods), so do the days needed for publishing
a BCO. This indicates a relaxing of the effect that the feedback mechanism introduces and
could be explained by the fact that it is gradually starting to be considered as the normal rou-
tine by all actors involved in the mechanism.

Summary and Conclusions

Undoubtedly, there is a definite need for more and varied studies of how people work
together to understand the relationship between collective activity, systems implementation,
and the impacts of knowledge sharing on work flows. In this article, we have studied the
behavioral changes in multigroup collaboration for content publishing over the Internet
through the evaluation of publication data times for an actual system. The changes in con-
tent upload and publication times for multilingual content over a web platform imple-
mented in the context of the EU project Bio@gro were used as input to identify the
behavioral pattern of the users in two different periods. In the first one, which was charac-
terized by the independent work of all groups, user behavior was identified as an asocial
behavioral process, whereas in the second one, the application of a feedback mechanism
improved the data publication times. This was achieved through the triggering of a new
process cycle upon the incorporation of each feedback result. The given explanation is that
the incorporation of each feedback report disseminates the knowledge of best practices
applied by certain user groups, together with the expertise from bad practices, so that
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Figure 6
Regression Model With Indicator Variables for the Second Evaluation Period
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improvement of the work performed and corrections of mistakes can take place. The above
indicate that the collaboration of different groups can be improved when mechanisms for
stimulating social behavior, such as periodic feedback reports and/or discussions among
groups regarding practices are used. However, even the effect of these social behavior stim-
ulating mechanisms is reduced over time, because they are gradually considered part of the
work routine and their stimulation effect is minimized.

Based on the above conclusions, a list of actions toward the increasing of effectiveness
of collaborative groups through social behavior stimulating mechanisms can be deployed:

• Incorporate a feedback mechanism that can inject to the system reports incorporating
knowledge and expertise as regards best and bad practices.

• Monitor the behavior and overall performance of collaborative groups and whenever signs
of reduced productivity rates appear, provide feedback and discussions that will trigger a
new process cycle.

• Try to eliminate the routine effect that may appear in the publication process.
• Try to identify deviations from the standards behavior that may be the result of hasty

actions (e.g., massive publications that may lack in quality) or even the result of an innov-
ative approach.

The above actions may be achieved through different supporting automatic and man-
ual mechanisms such as the use of reminder e-mails containing progress and delay
reports, use of SMS messages (Virtanen, Sirkiä, & Jokiranta, 2007), and direct commu-
nication with the responsible editors. However, the danger of the supporting mechanisms
becoming part of the routine is also present, especially in the case when these mecha-
nisms are automated. For example, if the mechanism sends a reminder e-mail at the
beginning of each month then the user may get used to this and consider it as just another
part of his “monthly” routine. The parameter of unpredictability in the generation of
reminders should be seriously taken under consideration. Finally, the identification of
quantifiable performance indicators and the parallel deployment of a monitoring mecha-
nism are imperative. However, the design should correspond to the overall data work
flow for collection, evaluation, and publication.
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