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ABSTRACT 

Software companies encourage and further the use of collaborative tools and skills at the work place in 
pursuit of the benefits of their use: they improve communication, productivity and efficiency, and compet­
itiveness. Besides, undergraduate and graduate software engineering computing curricula recommend 
subjects related to effective cooperative working and group learning. In order to align industry needs 
and curricula recommendations, universities should provide graduates with the collaborative knowledge 
and skills that will be required when they finish their degrees and join the labor market. In this scenario, 
we asked three questions: Are collaborative tools beneficial to software projects? Is it easier for graduates 
with knowledge and skills of collaborative tools to find a job? Do enterprises use collaborative tools as a 
marketing strategy for the recruitment process or are they really empowering their employees to use 
collaborative tools? We devised a survey which was administered to 86 recent computer science 
graduates. We applied statistical techniques to analyze the responses. We conclude that graduates skilled 
in the use of collaborative tools do find it easier to get jobs, and companies are not only looking 
for people with collaborative skills but also regularly use collaborative tools in their work processes. 
Copyright © 2015 John Wiley & Sons, Ltd. 

1. INTRODUCTION AND BACKGROUND 

Collaboration can be defined as a recursive process where two or more people or organizations work 
together toward a number of common goals - for example, a creative intellectual endeavor - by 
sharing knowledge, learning and building consensus [1]. Collaborative environments, known as 
computer supported collaborative work (CSCW), are defined by Tschang and Della [2] as ‘multi­
user software applications that enable people to co-ordinate and collaborate in a common task or 
goal without being in close proximity either spatially or temporally’. In a broad sense, CSCW 
provides technological support for humans involved in collaborative group communication and work 
processes [3]. In this context, collaboration refers to the joint work of a group of people on shared 
objects, where people share common goals and are jointly responsible for the outcome [4]. The new 

*Correspondence to: Fuensanta Medina-Dominguez, Computer Science and Engineering Department, Carlos III Univer­
sity of Madrid, Avenida de la Universidad 30, 28911 Leganés (Madrid), Spain. 
E-mail: fmedina@inf.uc3m.es 

mailto:fmedina@inf.uc3m.es


opportunities for collaboration provided by information technologies provide new forms of business 
organization [5], which is why work teams nowadays use quite a number of collaborative tools that 
support collaborative processes and capabilities. 

Computer supported collaborative work is considered to be particularly important in technological 
areas like Web 2.0 and social media. Web 2.0 is defined as ‘technologies that enable users to 
communicate, create content and share it with each others via communities, social networks and 
virtual worlds more easily than before’ [6]. And social media are defined as ‘a group of Internet-
based applications that build on the ideological and technological foundations of Web 2.0 and that 
allow the creation and exchange of user-generated content’ [7]. 

Web 2.0 and social media open up new opportunities for the business. For example, they enhance 
communication, interaction, learning, and collaboration [8]. Thanks to Web 2.0 users can easily find 
and collaborate with other employees that have similar expertise, are working on similar problems, 
or have the expertise that they need to complete a task [9]. All these improvements result in benefits 
for the business such as the adoption of innovative products and services, better access to 
knowledge, lower cost of doing business, and higher revenues [10]. 

Teamwork skills are one of the mainstays of the collaborative culture: ‘The lack of teamwork 
contributes to loss of money, loss of direction, slow growth or shrinking, and smaller market share’ 
[11]. Teamwork is particularly important in the software industry, where a high level of 
collaboration is critical throughout the entire development process. 

This is one of the reasons why software companies have for some years been promoting and 
enhancing the use of collaborative environments, which are assumed to provide important 
competitive advantages [12]. For example, a study conducted in 2006 by IBM (Armonk, NY, 
USA) discusses how chief executive officers stressed the overwhelming importance of 
collaborative innovation, particularly beyond company walls, while at the same time 
recognizing that their organizations are not collaborating nearly enough [13]. Also, Frost and 
Sullivan [14] demonstrated the impact of collaboration on business, in particular on financial, 
performance, customer satisfaction, labor productivity, product quality, product development, 
and innovation. 

Computer supported collaborative work can be addressed from several angles: arts and humanities, 
for example [15]; social science [16] [17]; and technology, for example [16] [18]. We have reviewed 
the literature related to CSCW looking for well-established knowledge in the field of software 
development over the last five years. To do this, we searched the Web of Science in the science 
technology domain, where we found 185 papers focusing on software development. These papers 
address different issues: 

• CSCW platforms or tools (17 papers), describing the foundations and experiences of developing 
CSCW tools. Some examples are [18-21]. 

• Metamodels and design (31 papers), proposing models and designs of CSCW environments and 
platforms. For example [22-25]. 

• Collective intelligence (3 papers), explaining the importance of using collective intelligence, 
where the interpretation of context information can be harnessed as input for context-aware appli­
cations, especially for group collaboration. Some examples are [26-28]. 

• Education, learning or teaching experiences (72 papers), exploring the function and connection of 
CSCW in education, and how the educational process and outcomes can benefit from the use of 
CSCW environments. Some examples are [29-33]. 

• Applications in enterprises (62 papers), describing the applications, benefits, problems, and spe­
cific features of CSCW tools and environments in enterprises. Some examples are [34-38]. 

In general, this CSCW literature highlights some relevant benefits of using collaborative 
environments: 

• Improve communication: CSCW tools provide communication channels. Depending on the tool 
used, the channels can be synchronous or asynchronous. Employees can use the communication 
channels to communicate efficiently, connecting with the right people to get quick answers to their 
questions and reducing point-to-point conversations [34] [37] [39-41]. 



• Increase productivity and efficiency: CSCW tools provide a common repository, which is critical 
for efficient project management. Also, CSCW sets up project workspaces, where team members 
can share project knowledge, participate in real-time brainstorming, make decisions, and improve 
the quality of meetings, products and services. All these reduce the time and costs of software de­
velopment. Cost cutting is not a direct benefit of CSCW; it is an indirect benefit of using CSCW 
[9] [29] [30] [35] [41-43]. 

• Improve competitiveness: CSCW improves companies’ competitiveness by providing new chan­
nels of communication with employees and stakeholders, encouraging innovation, and opening up 
new business opportunities [37] [44]. The benefits of customer use of social media benefits in­
clude, for example, an average 20% increase in the number of successful innovations [34]. 

On the other hand, knowledge of collaborative capabilities and tools improves job opportunities. 
Han et al. [45] discuss this issue, claiming that employees with CSCW skills are well-positioned 
because enterprises are betting on collaborative environments and skills. Therefore, people with 
knowledge of collaborative work are a valuable asset for companies because they are capable of 
creating innovative ideas through communication and interaction with other people. 

The aforementioned benefits drive companies to demand employees that are not only 
knowledgeable about the organization’s core business but also have collaborative skills [46] [47]. 
The shortage of professionals with collaborative skills drives companies to look for incentives to 
motivate employees to participate in enterprise social networking systems [48]. The origin of the 
lack of collaborative skills is graduate education. Nevgi et al. [49] claim that a serious problem is 
that, university students’ cooperative work capabilities are generally weak. So, it is not uncommon 
to find studies that conclude that industry and academia should work together to assure that the 
collaborative skills required by employees to perform their jobs are taught at university [46] [50]. 
Therefore, universities face the challenge of training students not only in the foundations of 
computer science or software engineering but also in the latest technologies and skills required by 
the labor market, as these will be essential requirements to which companies will attach importance 
when recruiting new graduates. 

The Undergraduate Software Engineering [51] and the Graduate Software Engineering [52] 
Computing Curricula are aligned with this tendency and recommend that students should take 
subjects related to effective cooperative working and group learning. This will be a useful 
knowledge, helping future software practitioners learn the mechanics and dynamics of effective 
teamwork and collaborative environments and tools as part of their undergraduate and graduate 
education. 

As we have already discussed, there is a relevant body of CSCW knowledge in the area of software 
development. However, we have not found reports that analyze the opinions of the graduates, with 
respect to the benefits of their CSCW acquired skills’ at workplace. With the aim of contributing to 
this field and as a first proof of concept, we have surveyed 86 recent computer science graduates 
from the Carlos III University in Madrid (UC3M) for three purposes: check whether the graduates 
perceived the benefits of collaborative tools identified in the literature; find out whether graduates 
thought that the knowledge learned about collaborative skills helped them to find or improved their 
jobs; and discover whether their employers attach importance to and promote the use of 
collaborative tools and skills. 

The remainder of this paper discusses how we have addressed this issue. Section 2 shows how 
CSCW is taught at UC3M. Section 3 details the survey. Section 4 reports and discusses the results. 
Finally, Section 5 describes the future lines of work and outlines the conclusions. 

2. COMPUTER SUPPORTED COLLABORATIVE WORK AT THE CARLOS III UNIVERSITY 

Computer supportive collaborative work is taught at UC3M as part of an elective course unit called 
Application of New Technologies in Enterprises (ATIE). This course is taught during the final year 
of the BSc in Computer Science degree program. Despite the fact that ATIE is an elective, it has a 
higher student count, at about 80, than other final-year elective subjects, which attract around 40–50 



students on average. Final-year students have already developed software projects during their degree 
course but have not used collaborative tools. The aim of ATIE is for students to learn about 
collaborative capabilities, environments, and tools. Students are traditionally taught environments 
and tools with reference to their functionalities. The strategy applied in ATIE is different; it is based 
on teaching the functionalities and capabilities of a collaborative tool using software engineering 
best practices. In this way, reverse engineering is used to transform the user manual of a commercial 
collaborative tool into a set of analysis and design products that students will have managed 
routinely during their degree program. In particular, students use object-oriented techniques such as 
UML, use cases and classes and sequence diagrams to explain the features of a collaborative tool. 
For more details [53]. 

Before addressing the development of collaborative projects, ATIE students learn about the features 
of collaborative skills and the functionalities of different collaborative tools: Community Server, 
Joomla!, Xoops, Moodle, Sakai, Blackboard and Microsoft Sharepoint, studying technologies like 
wikis, blogs, social network sites, open or private communities, and discussion forums. Students 
then work in five-member teams to develop their collaborative projects. Most use a Microsoft 
Sharepoint collaboration portal to do this. Following the aforementioned teaching strategy, they use 
software engineering models to define this portal. Students play different roles during the 
development of the practical assignments: project manager, analysts, and programmers. Students 
collaborate with the members of their own team and other teams through a web-based collaboration 
portal used to answer group questions and share tricks and ideas. 

3. METHOD 

In this section, we describe the aims and main characteristics of the survey. 

3.1. Survey development 

The aim of this survey is threefold. First, we want to check the benefits of CSCW discussed in the 
literature. Second, we want to find out if graduates who have learned collaborative capabilities and 
tools have a better chance of finding a job (either a first job or a new job for graduates who were 
already working in industry at the time of taking the subject). The third aim is to confirm whether 
industry really attaches importance to and promotes collaborative skills. 

To be more precise, this survey focuses on assessing these three objectives: 

• Objective 1: Graduates rate the benefits of using collaborative tools. The aim of this objective is to 
check whether recent graduates are aware of the advantages offered by CSCW and whether these 
advantages can be observed during the CSCW project development part of ATIE. 

• Objective 2: Graduates rate whether collaborative skills help them to find a job. Our aim is to 
check whether knowledge of collaborative skills and tools helped recent graduates to find or im­
prove their jobs. 

• Objective 3: Graduates rate whether companies really do use collaborative tools or this is just an 
enterprise advertising or marketing strategy. The aim is to check whether recent graduates who 
were hired by companies, thanks to their knowledge of collaborative skills and tools, used this 
type of technology in their routine work or it was just a marketing ploy used by leading technol­
ogy enterprises to attract potential staff. 

The process enacted to administer the survey was divided into three phases: preparation, 
completion, and collection. A description of these phases follows. 

a. Preparation phase. In this phase, we defined the objectives, and then formulated the statements to 
check each objective. The survey included 16 items or statements. Of these items, only seven 
served the purpose of analysis and the others were control items used to check for consistency. 
Table I summarizes the objectives covered by the items (column 1), the main and control items 
(columns 2 and 3), and the rationale underlying the relationship between the main and control 
items (column 4). 



Table I. Summary of objectives, survey items, rationale, and expected benefits. 

Statement Control Items Rationale 

Objective 1: Identify the benefits 
of using collaborative tools 

SI. After studying ATIE, I think 
that collaborative tools will 
improve communication among 
team members. 

S2. After studying ATIE, I think 
that collaborative tools will improve 
teamwork productivity. 

S5. I would recommend 
collaborative tools for teamwork. 

SI 1. The use of collaborative tools 
reduces project development time 
and workload. 

56. Collaborative environments enable 
synchronous and/or asynchronous 
interaction among users. 
57. Collaborative environments connect 
people, teams, and knowledge across 
business processes. 
58. Collaborative environments help to 
integrate information from different 
systems or departments. 

SI2. Collaborative environments have 
helped me organize, plan and 
document projects. 
S4. After studying ATIE, I understand 
what a collaborative environment is. 

SI2. Collaborative environments 
have helped me organize, plan 
and document projects. 

515. I would use collaborative 
environments at my company. 

516. After learning the concepts 
of a collaborative environment, 
I feel capable of transmitting the 
need for collaborative environments 
and encouraging my colleagues to 
work collaboratively. 
SI2. Collaborative environments 
have helped me organize, plan 
and document projects. 

These items control the CSCW features 
learned by recent graduates. Responses 
to these items should be consistent with 
the responses to Statement SI. If not, 
we should analyze the items to see where 
the discrepancy lies. 

This statement is related to planning 
issues. If CSCW is useful for planning, 
then it should lead directly to an improvement 
in productivity. If the responses to S2 and S12 
are inconsistent, they should be analyzed to 
identify the cause of the discrepancy and remove 
the sample responses that are distorting the data. 
These two statements are related to the promotion 
of the use of CSCW in organizations. The 
responses to these statements must be consistent 
with the responses to S5. If there are any cases 
where respondents agree with S15 and S16 and 
disagree with S5, they should be removed from 
the sample because the responses are inconsistent. 

Responses to statement S12 are related to planning 
and project management. They should be 
consistent with responses to Sl l , which is related to 
savings in project development time and workload. 

(Continues) 



Table I. (Continued) 

Statement Control Items Rationale 

Objective 2: Identify the 
relationship between 
collaborative skills and 
chances of finding a job 

Objective 3: Identify enterprise 
attitude to collaborative tools 
after employing graduates on 
the strength of their 
collaborative skills 

S10. Knowledge of collaborative 
environments has helped me find a 
job more easily. 

S9. Enterprises rate teamwork 
knowledge and collaborative tools 
positively. 

S14. The business environment 
is moving toward the use of 
collaborative tools. 

No control item needed because 
the statement is straightforward. 

S3. After studying ATIE, 
I have used collaborative 
tools at enterprises. 

S3. After studying ATIE, 
I have used collaborative tools 
at enterprises. 
S13. Collaborative tools are 
tailorable to different types of 
projects and business environments. 

Statement S3 is related to the use 
of CSCW in enterprises. If respondents 
have used CSCW, it is because enterprises 
promote the use of such tools. The responses 
to S3 and S9 must be consistent. If there 
are any cases where respondents agree with 
S3 and disagree with S9, they should be 
removed from the sample because the 
responses are inconsistent. 

S3 and S13 are related to the respondents' 
opinion of whether CSCW (S3) platforms 
can be tailored to different project types and 
environments. Agreement with this statement 
should be consistent with agreement with 
S14, which states that companies are moving 
towards the use of these environments because 
CSCW is able to adapt the business to market 
needs. If S13 and S3 were inconsistent 
with S14, this could denote that companies 
are not taking full advantage of CSCW, and 
enterprises are not using these tools as leverage 
to boost business. 



The survey responses were given on a five-point Likert scale: 

• No answer (N/A): 0 
• Strongly disagree: 1 
• Slightly disagree: 2 
• Neutral: 3 
• Slightly agree: 4 
• Strongly agree: 5 

The survey also returns qualitative information because there is a comments section under 
each item, which graduates can use to discuss their responses. Completion of the comments 
section is optional. We used the Google drive functionality to build the survey (The survey 
is available at: https://docs.google.com/forms/d/1-Whi-HfHyc95iOdqdxXek3dfLQ6bCBohz 
P9BzoVeqHA/viewform). The survey was anonymous, and participants had on-line access. 

b. Completion phase. We created a mailing list containing all graduates who took the ATIE course 
unit during the 2011-2012 academic year. One year after they completed the subject, that is, in 
June 2013, we sent an e-mail asking former graduates to take a web-based survey within two 
months. The e-mail was sent to 103 graduates, but only 86 completed the survey. 

c. Collection phase. We collected data in Microsoft Excel format. See Appendix A for the collected data. 

3.2. Demographics 

Survey respondents were 86 UC3M graduates representing a high response rate of 83.50%. These 
graduates had taken the ATIE course unit described earlier during the 2011-2012 academic year. 

Application of new technologies in enterprises students often take a part-time job as software 
environment programmers while they are studying, but, as already mentioned, they have no previous 
experience with collaborative environments. 

In order to gain more evidence of the relationship between employability and CSCW skills, 
graduates were asked to complete the survey one year after they finished their degree. We wanted to 
give graduates time to find a job and/or graduates who already had a job the chance to experience 
the potential use of collaborative tools. 

3.3. Data analysis 

The analysis of the collected data was a two-phase process. First, we studied the percentages of 
graduate responses to the different statements for each objective in order to discuss the assessment 
of our three objectives. 

Second, we studied the correlation among the objectives. To do this, we first performed a principal 
component analysis (PCA), as Objectives 1 and 3 are related to different statements. By using PCA, we 
were able to integrate all the available information about each objective into two new Consolidated 
Objectives, 1 and 3, built to capture the largest possible variance from the original data contained in 
the respective statements. PCA is a well-known mathematical procedure used to reduce correlated 
variables into a smaller number of new synthetic variables (principal components) through linear 
combinations of the original variables with minimum loss of information [54]. Then, we used 
Spearman’s correlation coefficient to get the correlation values between Consolidated Objective 1, 
Objective 2 and Consolidated Objective 3. Spearman’s correlation is a statistical measure of the 
strength of a monotonic relationship between paired data. Unlike Pearson’s correlation coefficient, 
the analyzed variables do not necessarily have to be normally distributed [55]. SPSS was used to 
conduct the analyses. 

4. RESULTS AND DISCUSSION 

In this section, we report the results, and discuss the survey responses according to the three objectives. 
We then remark on how the three objectives relate to each other. 

https://docs.google.com/forms/d/1-Whi-HfHyc95iOdqdxXek3dfLQ6bCBohzP9BzoVeqHA/viewform
https://docs.google.com/forms/d/1-Whi-HfHyc95iOdqdxXek3dfLQ6bCBohzP9BzoVeqHA/viewform


4.1. Benefits of using collaborative tools 

Statements related to Objective 1 check whether graduates appreciated the benefits of using 
collaborative tools in software development projects after studying ATIE. Looking at Figure 1, we 
find that the results confirm that recent graduates perceived the benefits of collaborative 
environments and capabilities. 

Graduates confirmed that they realized that interaction and communication among team members is 
much better with than without collaborative environments. Also, graduates remarked that collaborative 
web tools provide synchronous and asynchronous communication channels among team members 
through forums, blogs, advertisement and announcement panels, and so on, which are helpful for 
software project development. They also positively rated the fact that, thanks to these 
communication channels, it was easier and faster to share software project knowledge, queries, files, 
and resources than in software projects where collaborative environments were not used. 

As shown in Figure 1, graduates recognized and positively rated the benefits of using collaborative 
tools in software development, but very few former graduates used the Strongly agree rating. The 
reasons are clear from the survey comments section. Only 10 out of the 86 graduates filled out this 
section. The comments can be summarized as follows: 

• "Unless all the members use the environment, the benefits are very small". 
• "Collaborative tools are designed for use in large companies or medium-sized development 

groups. It could be counter-productive to use complex collaborative tools in small groups". 
• "The best thing about these tools is the improvement in communication channels". 
• "The collaborative tool should be well-designed and developed and it should be well-connected 

with the group’s needs". 

All these mean that the use of a CSCW per se in an organization does not guarantee the foreseen 
benefits; its use should be carefully planned, contextualized, and introduced, to be sure that it is 
applied consistently and is tailored to the organization’s idiosyncrasy and characteristics. 

4.2. Finding a better job 

The second objective of the survey was aimed at checking whether knowledge of collaborative skills 
and tools helped recent graduates to find or improve their jobs. 

Figure 2 shows that over 50% of respondents stated that their knowledge of CSCW helped them find 
a job. On the other hand, just under 20% disagree and another 20% do not know whether their 
knowledge of collaborative tools helped them to find a job. Generally speaking, however, a greater 
percentage of respondents confirm that there is a relationship between knowledge of CSCW and a 
better job. In the survey comments section, some graduates filled out the name of the company 

Figure 1. Benefits of using collaborative tools. 



Figure 2. Relationship between collaborative skills and finding a job. 

where they found the job. We find that the profile of the enterprises is heterogeneous; small, medium 
and large enterprises, private and public sectors. 

4.3. Enterprise attitude toward collaborative tools 

This section explores whether companies that have employed graduates on the strength of their 
collaborative skills really do attach importance to the benefits of these skills or whether it is just a 
ploy to recruit people with collaborative skills, which they then do not use in their routine work. 

Looking at Figure 3, nearly 60% of respondents confirmed that enterprises do attach importance to 
the use of collaborative capabilities and tools in routine work. They also think that enterprises promote 
the use of collaborative tools because they gain improvements from using their functionalities. There 
were no responses in the comments section for these statements. 

4.4. Relationships between the three objectives 

We have studied the correlations among all three objectives. According to Section 3.3, as there is more 
than one statement examining Objectives 1 and 3 (Objective 1: S1, S2, S5, S11; Objective 3: S9, S14), 
we used PCA to arrive at a single value with minimum loss of information representing Objectives 1 
and 3, respectively. We then applied Spearman’s correlation coefficient to obtain individual 
correlations between pairs of parameters. 

Table II shows the descriptive statistics of the three objectives. The names of the variables for 
Objectives 1 and 3 are referred to as Consolidated Objective 1 and Consolidated Objective 3. We 
find that the data for these two variables are continuous. The data for Objective 2 are taken from the 
Likert-scale value, as this objective was validated by only one statement. 

Table III shows the results of Spearman’s correlation, along with the respective p-values between 
parentheses. All correlation values are positive and significantly different from 0, with a p-value <0.05. 

Figure 3. Importance attached by enterprises to collaborative tools. 



Table II. Descriptive statistics of all three objectives. 

Variable 

Consolidated Objective 1 
Objective 2 
Consolidated Objective 3 

Table III. 

Variables 

Consolidated Objective 1 
Objective 2 
Consolidated Objective 3 

Sample 

86 
86 
86 

Spearman 

Mean 

0.000 
2.686 
0.000 

Standard Deviation 

1.734 
1.640 
1.213 

Min 

-5.824 
0.000 

—3.611 

correlation coefficients for all three objectives. 

Consolidated Objective 1 

1 
0.227 (0.035) 
0.556 (0.000) 

Objective 2 

0.227 (0.035) 
1 

0.519 (0.000) 

Max 

2.850 
5.000 
1.925 

Consolidated Objective 3 

0.556 
0.519 

1 

(0.000) 
(0.000) 

The data show that the perceived benefits of CSCW are consistent with CSCW’s relationship to the 
chances of finding a better job and the practical use of CSCW knowledge in industry. In particular, 
there is a positive relationship between CSCW knowledge and the ease of finding a job. Also, we 
can say that enterprises promote the use of the CSCW tools in routine work, and this is related to 
the fact that CSCW knowledge helps practitioners to find a new or better job, that is, enterprises 
really do want to hire professionals with CSCW knowledge. 

Negative correlations would have suggested, for example, that, even though respondents recognized 
the benefits of CSCW, this did not help them find a new or better job or that, even though CSCW 
knowledge was valuable for finding a job, it was not applied in real industry practice. This would 
mean that CSCW skills are required just as a marketing strategy. 

5. DISCUSSION AND CONCLUSION 

We developed a survey in order to rate the benefits that literature discusses about collaborative 
environments. The survey was completed by recent BSc in Computer Science graduates one year 
after they finished their degree course at UC3M. 

The aims of the survey were to check if graduates appreciated the benefits of collaborative 
environments and capabilities for software project development. Also, we wanted to check if 
knowledge of collaborative skills and tools helps graduates to find a job. Finally, we checked whether 
collaborative tools are really used at companies or this is just an enterprise publicity or marketing strategy. 

The survey was taken by BSc in Computer Science graduates from UC3M. This program is 
EUR-ACE (EURopean ACcredited Engineer) certified. ‘The EUR-ACE® system provides a set of 
standards to identify high quality engineering degree programs in Europe and internationally, 
through the EUR-ACE® labeling system’ [56][57]. This is a relevant information for discussing the 
generalizability of the results of this study. Generalization implies that the results would be similar if 
the study were replicated in different contexts, for example at different universities. Programs 
accredited with the EUR-ACE label are required to meet a set of common prerequisites. So, the 
results of this study should at least be generalizable to EUR-ACE accredited programs. 

The first objective was clearly valued positively by survey respondents. They identified 
improvements in communication as well as productivity when using CSCW. Although the second 
aim is based on the subjective perception of graduates, we thought it was interesting to find out 
whether companies positively rate collaborative environments knowledge and capabilities at 
interviews with recent graduates who have no experience of but have learned CSCW at university. 
Although 20% of graduates answered that they did not know whether their CSCW knowledge had 
helped them find a job, more than 50% thought it had, in the light of the questions that they were 
asked by the interviewer, and because they used a collaborative environment when they joined the 
companies. This outcome has major implications for universities insofar as student knowledge of 



CSCW is an important factor for their labor market integration, and consequently enterprises profit 
from their employees’ CSCW knowledge in software development projects. 

Reflecting on comments by respondents, we conclude that graduates should learn this kind of 
specialized expertise, which is clearly demanded by industry during their undergraduate studies. It is 
a fact that the compulsory subjects within the curricula are fixed. Therefore, new methodological 
and technological trends should be dynamically incorporated into the curriculum in the slots set 
aside for elective subjects in the senior years of degree courses. In this way, graduates will be 
trained in not only the general but also the specialized skills demanded by the labor market, which 
they will be joining after completing their studies. 

This survey was anonymous, in order to ensure privacy and not to compromise alumni respondents. 
Anonymity has, however, placed some constraints on the study that could be improved by using 
information related to respondent gender, whether respondents are full-time or part-time students, 
and respondent CSCW grades. We intend to use the findings and lessons learned from this first 
study to develop more formal empirical studies, gathering information from graduates that have and 
have not taken CSCW subjects as part of their higher education. We expect to confirm our 
preliminary results. 

The results are encouraging and support the integration of CSCW learning in computer science and 
software engineering curricula. For the last 20 years, one of the challenges of computer science and 
software engineering education has been to provide students with the knowledge and skills required 
in professional practice. CSCW has been identified in the literature as a relevant artifact for fulfilling 
business expectations, so its integration into higher education programs is a key issue. How to 
incorporate this knowledge into the syllabus of the different programs is another interesting subject 
of study, which could drive future research analyzing representative higher education programs in 
the field in order to identify best practices and lessons learned regarding this integration. 

APPENDIX A 

Data gathered for statements. Each row represents each of the graduates who responded to the ques­
tionnaire and the columns describe each of the questionnaire items. 

Table AI Data gathered for statements. 

Id 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

S1 

4 
3 
4 
4 
4 
4 
4 
4 
3 
4 
4 
5 
3 
4 
4 
1 
4 
1 
4 
4 

S2 

4 
3 
3 
4 
4 
4 
4 
5 
4 
4 
4 
4 
4 
4 
4 
1 
4 
1 
4 
4 

S5 

5 
3 
4 
4 
3 
5 
5 
4 
3 
4 
5 
5 
5 
4 
4 
2 
4 
1 
4 
4 

S10 

4 
3 
3 
4 
4 
3 
4 
4 
4 
0 
3 
4 
4 
4 
4 
2 
0 
1 
0 
3 

S11 

0 
0 
0 
4 
4 
1 
0 
3 
3 
0 
0 
0 
4 
0 
0 
2 
0 
0 
0 
4 

S12 

5 
3 
3 
5 
4 
3 
4 
4 
2 
4 
5 
5 
3 
4 
3 
2 
4 
3 
4 
3 

S15 

4 
3 
3 
4 
4 
3 
3 
4 
3 
4 
3 
4 
4 
4 
5 
2 
4 
1 
3 
4 

(Continues) 



Table AI (Continued) 

Id 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

SI 

4 
4 
4 
4 
5 
3 
3 
4 
4 
5 
4 
4 
4 
1 
3 
2 
3 
3 
4 
4 
5 
4 
1 
4 
5 
4 
4 
5 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
3 
4 
4 
4 
4 
3 
4 
5 
3 
3 
4 
3 
4 
4 
5 
4 
4 
4 
4 

S2 

3 
4 
4 
5 
4 
4 
4 
4 
5 
5 
3 
4 
4 
2 
3 
2 
3 
3 
4 
5 
4 
5 
2 
3 
4 
4 
4 
4 
4 
3 
3 
3 
5 
5 
4 
5 
5 
4 
5 
4 
4 
3 
4 
4 
4 
4 
4 
5 
4 
4 
4 
3 
4 
4 
5 
5 
4 
4 
4 

S5 

4 
3 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
5 
1 
3 
2 
3 
3 
4 
4 
3 
4 
1 
4 
5 
4 
4 
4 
4 
2 
3 
4 
4 
4 
4 
4 
4 
4 
5 
4 
3 
4 
4 
4 
4 
3 
4 
5 
4 
4 
3 
3 
4 
3 
5 
5 
3 
4 
4 

S10 

4 
5 
4 
5 
3 
4 
3 
4 
4 
3 
3 
4 
4 
1 
3 
2 
3 
3 
4 
4 
3 
3 
2 
3 
4 
4 
4 
5 
4 
3 
3 
3 
4 
4 
4 
3 
5 
4 
5 
4 
4 
4 
4 
4 
5 
3 
4 
4 
4 
2 
4 
3 
4 
2 
3 
5 
1 
5 
3 

Sll 

4 
0 
4 
3 
3 
4 
3 
4 
4 
4 
4 
4 
5 
1 
3 
2 
3 
3 
4 
4 
4 
4 
2 
4 
5 
4 
4 
4 
4 
2 
3 
4 
5 
4 
2 
3 
4 
4 
5 
4 
3 
4 
4 
4 
2 
4 
4 
4 
3 
2 
4 
3 
4 
1 
0 
4 
1 
0 
0 

S12 

4 
4 
4 
4 
4 
3 
3 
3 
4 
4 
3 
4 
4 
1 
3 
2 
3 
3 
4 
3 
3 
4 
2 
3 
4 
4 
4 
5 
4 
3 
3 
3 
4 
4 
4 
3 
5 
4 
5 
4 
4 
4 
4 
4 
4 
3 
4 
3 
4 
3 
4 
3 
4 
2 
5 
4 
1 
5 
3 

S15 

4 
4 
4 
5 
4 
4 
3 
4 
4 
4 
4 
4 
5 
1 
3 
2 
3 
3 
4 
4 
4 
4 
2 
4 
5 
4 
4 
4 
4 
2 
3 
4 
4 
4 
4 
3 
4 
4 
5 
4 
3 
4 
4 
4 
3 
4 
4 
4 
4 
3 
4 
3 
4 
2 
4 
4 
0 
5 
0 

(Continues) 



Table AI (Continued) 

Id 

80 
81 
82 
83 
84 
85 
86 

S1 

3 
4 
4 
5 
4 
4 
3 

S2 

4 
4 
5 
5 
4 
4 
4 

S5 

3 
4 
4 
5 
4 
5 
4 

S10 

3 
3 
5 
4 
2 
4 
4 

S11 

1 
2 
3 
0 
3 
4 
1 

S12 

2 
3 
4 
5 
3 
5 
4 

S15 

2 
0 
5 
0 
4 
5 
0 
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