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 
Abstract—Collaborative technologies or software known as 

groupware are key enabling tools for communication, collaboration 
and co-ordination among individuals, work groups and businesses. 
Available reviews of the groupware literature are very few, 
and mostly neither systematic nor recent.  

This paper is an effort to fill this gap, and to provide researchers, 
with a more up-to-date and wide systematic literature review. For this 
purpose, 1087 scholarly articles, published from 1990 to 2013, on the 
topic of groupware, were collected by the literature search. The study 
here adopted the systematic approach of lexical analysis for the 
analysis of those articles. 
 

Keywords—Lexical Analysis, Literature review, Groupware, 
collaborative Software. 

I. INTRODUCTION 

N general, information and communication technologies 
(ICTs) have an undeniable effect on the organizational 

processes and dynamics, particularly, with regard to 
collaboration, cf. for example, [1]. In this respect, 
collaborative technologies or software known as groupware 
are key enabling tools for communication, collaboration and 
co-ordination among individuals, work groups and businesses 
[2]. Groupware refers to applications that, integrate work on a 
single project by several concurrent users at separated 
workstations. These applications accentuate the multiple user 
environments, coordinating and orchestrating things, so that, 
users can “see” each other, avoiding the conflicts with each 
other [3]. Such technologies are designed to allow users to 
communicate more effectively, improve productivity at 
meetings, provide access to knowledge repositories, and/or 
manage projects [4]. The collaborative functionality of 
groupware is frequently the application that drives companies 
to extend their networks beyond a single site and outside the 
enterprise [5]. 

The 1990s saw the emergence of groupware [6]-[8], and the 
proliferation of various groupware and collaboration software 
tools [9]. Since then, and particularly, with the advent of the 
web, many types of these applications are currently available 
and being used in organizations around the world. In addition, 
over this period, groupware has been the focus of many 
research efforts, and there has been a growing body of 
literature on this subject, especially, in this context, in the 
management & organizational literature. However, available 
reviews of the groupware literature are very few, and mostly 
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neither systematic nor recent (these reviews are outlined later). 
This paper is an effort to fill this gap, and to provide 
researchers, with a more up-to-date and wide systematic 
literature review through employing the principle of lexical 
analysis. The lexical analysis presented herein, is the first 
phase for further analysis of the literature using the content 
analysis approach, by which, articles are to be codified and 
analyzed according to theoretical categories. 

II. GENERAL BACKGROUND 

The term groupware is a hybrid of the words group and 
software [10]. Besides the ones mentioned in the introduction, 
there are many other available definitions of groupware, e.g. 
cf. [11]. These technologies, are also referred to as 
“collaborative software” e.g. [11]-[13] or “collaboration 
technology” [14].  

In the literature, there are several taxonomies and 
classifications of groupware applications. These are based 
upon different criteria, such as, for example, same/different 
time/space, kinds of interaction supported, the groups’ size, 
the predictability or unpredictability of different times/places, 
strategic intent of the technology, or the kind of collaboration 
or data supported [15]. Also, cf. [14], [16], [17]. 

Additionally, a number of models attempted to define the 
functions to be provided by a groupware application to its 
users. One important model is the Co4 model of [18]. 
According to its authors, this model, distinguishes four basic 
functions of groupware: 
 Support for conferences by means of conference 

management functions.  
 Support for cooperation by mean of shared workspaces. 
 Support for conversation by means of conversation 

channels.  
 Support for coordination by means of coordination 

policies and coordination mechanisms.  
Lastly, in this brief and general background, groupware 

may include many different types of applications [10]. 
However, it is not always easy to decide whether a specific 
tool qualify as groupware or not, and, there is sometimes some 
disagreement in this area [15]. Also, cf. [14]. In addition, in 
this context, it is important to draw a distinction between 
groupware and the newer technologies known as social 
software or Web 2.0. The groupware approach places people 
into groups defined organizationally or functionally, whereas, 
social software is based on supporting the desire of individuals 
to be pulled into groups to achieve their personal goals [19]. 
For more on the distinction between social software and 
groupware, see also, [20]-[22].  
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III. A REVIEW OF GROUPWARE LITERATURE REVIEWS 

As aforementioned, to the best of our knowledge, available 
reviews of the groupware literature are very few, and mostly 
neither systematic nor recent. These reviews, outlined here 
briefly, include the following: 

Reference [23] reviews 230 articles published by mid-1998 
and examined processes and outcomes in computer-supported 
group decision-making. It is a concise overview of what has 
been studied and how: the systems, independent, intervening, 
adaptation, and dependent variables, manipulated or measured, 
and experimental procedures employed.  

Reference [24] reviews the theories and methodologies in 
the then literature on groupware, and, they propose a research 
agenda for future work in this area. Reference [25] reviews 45 
papers from the ACM CSCW conference (1990-1998), for the 
methods and techniques used for the evaluation of groupware 
systems. 

Another review is [26] which emphasizes on the group 
decision-making related to the team-based structure of the 
wood procurement organization, and its relationships with 
customers.  

Reference [16] presents a review of research in the area of 
creating collaborative application taxonomies. The authors 
analyze previous literature, and examine commercial products 
and research prototypes in the domain of collaborative 
computing.  

Lastly, with regard to previous groupware literature 
reviews, the authors of [10], in their words, do not attempt a 
traditional review of the groupware literature, and focus 
instead, on the group dynamics underlying the development of 
effective groupware. The study discusses the status and 
limitations of groupware research; then it addresses challenges 
in supporting collaborative activities in distributed teams. The 
authors develop and elaborate a group dynamics model of 
groupware development. Finally, they discuss the area of 
distributed or distance learning, in which collaborative-support 
tools are extensively incorporated.  

IV. CONTRIBUTION OF THE PAPER 

A review of the groupware literature is a somewhat 
daunting task, given the nature of this very broad and diverse 
literature [10]. As indicated earlier and seen from the previous 
part, available reviews of the groupware literature are very 
few, and mostly neither systematic nor recent. This paper is 
the first phase of an effort to provide researchers, with a wide 
and more up-to-date literature review that covers scholarly 
articles published in the period since the emergence of 
groupware to the year 2013. It attempts to explore the 
evolution of literature, identify the main types of tools 
addressed and significant trends in dealing with groupware as 
well as the main publications in this area.  

The study here adopted a systematic approach for the 
literature review. It employed the principle of lexical analysis, 
which enables the treatment of a large corpus of information 
through applying statistical analysis to determine the 
frequencies of certain words and expressions in a text. As to 

the second phase, (outlined briefly in the future work section), 
it will involve the use of the approach of content analysis, by 
which articles are codified and analyzed according to 
predefined categories identified from relevant studies. 
According to Weber, as cited in [27]; the content analysis 
approach, can be defined as, a method of codifying the content 
or text of a piece of writing into categories based on chosen 
criteria. 

V. LITERATURE SEARCH & ANALYSIS METHOD 

A keyword search against two categories, the documents’ 
title and abstract, was performed for scholarly literature on 
groupware, published in the period from 1990 – 2013.  

The literature search aimed to be as comprehensive as 
possible. However, it was kept, as far as possible, focused on 
literature published in the areas of business and management. 
To this end, the search utilized Business source premier, 
Emerald and the subject area of Business, Management and 
Accounting in the database of ScienceDirect. The list of 
search keywords (Table I) was developed with making use of 
[16], [28], [29]. 

 
TABLE I 

LIST OF KEYWORDS FOR LITERATURE SEARCH 
Groupware Collaborative Software 

Audio Conference Collaborative Document Editor 

Collaborative Writing Systems Video Conference 

Decision Support Systems Electronic Meeting systems 

Document Management Systems Newsgroups 

Electronic Calendaring Workflow Management Systems 

Collaboratories Project Management Systems 

Knowledge Management Systems Usenet 

 
The variables identified in the literature, for the purpose of 

the lexical analysis were as follows, title, abstract, source and 
year. The use of lexical analysis enables the treatment of large 
bodies of information. The use of statistical procedures allows 
reducing the reading effort, taking advantage from the 
redundancy of the language. Another advantage is to use 
lexical entries to focus on some words or uses that would 
remain hidden by a classical reading. Statistics can thus help 
the reader curiosity and reinforce the discovery process. 
Lexical analysis changes the focus from the reading of the text 
to the reading of its lexical substitutes and thus speeds up the 
knowledge process [30], [31]. ‘Lexical analysis offers a 
middle-ground between quantitative and qualitative analysis, 
being rapidly applicable to texts of all types, and giving a far 
more flexible interface between the tasks of data acquisition, 
analysis and interpretation. This approach is typified by the 
calculation of "word lexicons": lists of words and their 
corresponding frequencies in the corpus’ [30].  

The lexical analysis adhered to the following guidelines 
throughout:  
 The two variables (Title, Abstract) are combined in a 

single variable (Tit&AbstCombined), in order to 
examine the title and abstract of each article 
simultaneously. 
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 The set of search keywords was developed into a 
dictionary (a dictionary is a list of terms which describes a 
certain theme), in which each keyword is grouped with its 
different variations and synonyms found in the corpus and 
is represented in the form (#keyword), where (keyword) is 
the name assigned to the group, (e.g. #groupware 
=Collaborative software, #Conferencing = Audio 
conference = Audio conferencing = Video conference = 
Video conferencing). That means that, a group 
(#keyword) is counted only once, if any of the variations 
and synonyms belonging to it, is repeated, and/or if found 
together, in the same article. This is done so that, 
frequencies are based on observations rather than on 
occurrences. In other words, frequencies herein 
represent the number of articles referring to a certain 
group or (#keyword). 

 The frequency of (#keyword) is ignored if it is zero.  

VI. RESULTS 

A. Evolution of Literature (Year of Publication)  

After removing all duplicates, the total number of articles 
collected was 1087 articles. Fig. 1 shows that, overall, the 
number of studies dealing with groupware fluctuated and 

varied among the years 1990-2013. However, one may 
distinguish two periods here—the first period, covers almost 
the first half of the 90s – precisely, the first six years -, and, 
the second period, which, goes from the year 1997 up to the 
end of our period of analysis.  

In the first period, which marked, as above indicated, the 
emergence of groupware, the number of articles published in 
each year, although not very many, yet, it indicates clearly 
that, these technologies elicited some early academic interest. 
Meanwhile, by and large, comparing to the first period, the 
number of articles in each of the years from the year 
1997 up to 2013 (excluding, inexplicably, the year 2007), 
shows an evident increase, which, in turn, suggests that; 
studying groupware in the second period has gained and 
attracted more attention in the literature. This, could be 
because, the Web became popular in the mid- 1990s [32], [33] 
and since then, many types of web-based groupware 
applications have become available and used in organizations 
around the world. Indeed, Web based groupware solutions that 
support the creation of communities of practice or ad hoc 
collaboration have become an essential part of computer 
supported collaborative work [34].  

 

 
Fig. 1 Number of articles per year  

 
B. Frequencies of Groupware Tools in the Literature 

The results show that, various groupware tools were 
addressed in the academic research in varying degrees. It 
should be noted, however, that 245 articles of the total 1087 
(22.5%) referred to # groupware in general, and did not 
include, any reference to any specific tool. 

The frequencies indicate that, much of the attention 
in the literature was given to #decision support systems. This, 
in fact, goes in line with [35], who noted that, such systems 
are the focus of most of the research addressing groupware.  

Decision support systems gained importance as a study area 
during starting days of distributed computing [36]. With the 
ever-increasing competitive and changing business 
environment, such systems have developed to accommodate 
the uncertainty [37], and, they are vital for effective decision 
making of a manager in an organization, which in turn are 

responsible for the survival and growth of the organization 
[38].  

The literature shows also a degree of interest in other 
groupware tools. Among them, #knowledge management 
systems were the most frequent. Citing a number of authors, 
[39] indicates that, “given the rising importance in considering 
knowledge as a key organizational asset, interest in knowledge 
management systems (KMSs) is increasing at a rapid pace”.  

The other groupware tools were less popular and less 
frequent in the literature. These included consecutively, 
#workflow management systems, #conferencing, #newsgroup, 
#project management systems and #document management 
systems. The least frequent tools were #collaboratories and 
#electronic calendaring (each cited in only 2 articles) and 
#collaborative document editors and #collaborative writing 
systems (each cited in only 1 article). All the results are shown 
in Fig. 2.  
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Additionally, to give a general feel of trends over time, in 
addressing groupware tools; a correspondence analysis was 
applied to (Tools X Year) cross-table and displayed here 
graphically, as a "factor map", so that, trends become intuitive 
and easy to identify (Fig. 3). 

 

Tools Freq 

# Groupware 
 

245 

# Decision Support Systems 
 

462 

# Knowledge Management Systems 
 

199 

# Workflow Management Systems 
 

60 

# Conferencing 
 

56 

# Newsgroups 
 

48 

# Project Management Systems 
 

15 

# Document Management Systems 
 

9 

# Collaboratories 
 

2 

# Electronic Calendaring 
 

2 

# Collaborative Document Editors 
 

1 

# Collaborative Writing Systems 
 

1 
 

 

Fig. 2 Frequency of groupware tools in the literature  
 

 

Fig. 3 Factor map of groupware tools / year 

C. Characteristic Words in the Literature 

A search excluding "stop words" (e.g. an, on, of, the…etc.), 
words containing a number and words of fewer than two 
letters, was performed on the variable (Tit&AbstCombined), 
for the most characteristic words in the articles in this review. 
The results illustrated in Fig. 4, give a general feel of trends in 
the literature. (Thresholds were set to show, terms with a 

minimum frequency of 5 for the whole corpus, and, only the 
10 most frequent words). Moreover, the “factor map” (Fig. 5) 
illustrates the correspondence analysis applied on the 
(Characteristic Words X Year) cross table, and, offers a 
graphic representation of the results, so that, trends in the 
groupware literature over the search period (1990-2013), can 
come to life and become intuitively interpreted. In 
some sense, and, to a certain extent, some of these results find 
resonance in [34] who, citing a number of authors, stated that, 
“research on groupware has focused on design aspects, task 
processes and the impact of technology use. In the last years, 
the focus has shifted to social emotional factors of group 
collaboration and how this affects groupware design”. 
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Fig. 4 Most characteristic words 
 

 

Fig. 5 Factor map of most characteristic words / year 
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D. Top Publications  

Lastly (and briefly), the results shown in Table II, concern 
the 5 top publications in terms of the number of articles 
published on the topic of groupware during the period 1990-
2013. 

 
TABLE II 

TOP PUBLICATIONS ON GROUPWARE 1990-2013 

Publication No of Articles

Decision Support Systems 62 

European Journal of Operational Research 44 

Groupware: Design, Implementation, and Use 32 

Group Decision and Negotiation 29 

Journal of Management Information Systems 28 

VII. CONCLUSION, LIMITATIONS & FUTURE WORK 

The systematic literature analysis presented herein in this 
paper, employed the principle of lexical analysis, to produce 
statistical distribution of words and expressions key for the 
investigation in this work and enable the identification of the 
general trends in the literature. The paper provides an 
overview of, the status of the scholarly literature dealing with 
groupware technologies, and, its evolution since the 
emergence of these technologies. It also attempted to identify, 
the type of groupware tools addressed, and the degree to 
which they were addressed. Furthermore, the identification of 
the most characteristic words gives a general idea of the lines 
of research on groupware. 

Overall, the results show that, there was some early 
academic interest in groupware technologies, with the 
beginning of their emergence. The results also suggest that, 
studying groupware has gained and attracted more attention in 
the literature after the Web became popular in the mid-1990s, 
and consequently, the prevalence of many types of web-based 
groupware applications in organizations around the world. On 
another front, the analysis showed varying degrees of interest, 
in the various groupware tools, and, it clearly indicated that, 
some types of these tools were under-addressed in the 
literature. This calls for more research in this area and offers 
several research opportunities to explore the different 
groupware tools' potentials and shortcomings in different 
situations, different people, and different needs. This is 
important for several reasons. Firstly, groupware applications 
can be used across a variety of different organizational levels 
and settings, cf. e.g. [40]. In addition, as [41], for instance put 
it, “the set of groupware tools used during a distributed 
development process is usually chosen by taking into account 
predetermined business politics, managers’ personal 
preferences, or people in charge of the project. However, 
perhaps the chosen groupware tools are not the most 
appropriate for all the group members and it is possible that 
some of them would not be completely comfortable with 
them”.  

Secondly, groupware systems are heterogeneous and each 
offers a unique set of benefits [42]. For instance, groupware 
tools have different representation modes (based on figures or 

diagrams, or based on spoken or written words) and different 
Interaction Modes (e.g. synchronous or asynchronous) [41]. 
And, thirdly, with the emergence of the "Web 2.0"; 
organizations and teams can now cook up a collaborative 
framework of tools from a plethora of tools available on the 
Cloud [43]. 

Admittedly, the approach of lexical analysis used for the 
literature review, presented in this paper, involves some 
limitations. These limitations come from the fact that, as 
indicated earlier, lexical analysis is limited to determining the 
frequencies of words and expressions in a certain text. Thus, 
in the future work, and in order to improve these limitations 
and to make the literature review deeper and richer; literature 
will be analyzed using the approach of content analysis, by 
which articles are codified and analyzed according to 
predefined categories identified from relevant studies.  

Content analysis could serve as a convenient research 
method for studying research publications [44]. It is the 
process that most of the units of a document, such as the title, 
abstract and so on, be analyzed and comprehended [45].  

Content analysis is a qualitative research method commonly 
used for systematically studying large amounts of 
communication content such as news, articles, books, videos, 
or blogs. The key characteristic is that, the analyzed content is 
categorized by researchers [44]. It is a process by which 
communication content is transformed, through the objective 
and systematic application of categorization rules, into data 
that can be summarized and compared [46].  
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