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[bookmark: _Toc41307796]Abstract
Developments in technology such as the Internet of Things and cloud computing have enabled the growth of collaborative tools and technologies , which have brought about changes in the ways that individuals and organisations conduct their job duties.
This report explores the concept of collaborative technologies, the different tools used to facilitate it, and the ways in which these tools can be used by organisations to enhance their operations. 
The benefits and limitations of collaborative technologies are identified and discussed, as well as the potential for future developments in this field. However, there are also a number of limitations which could influence the further evolution of this technology and some of these are also identified and explained.



1. [bookmark: _Toc41307797]Introduction
According to TechRadar [1], there are an estimated 4 million people working remotely in the United Kingdom who are using some form of collaborative technology to fulfil their work duties. 
2020 has so far proven to be a pivotal moment in the usage of this technology, as the ongoing coronavirus pandemic has forced a number of businesses in the United Kingdom to reshape the way that they operate and shift a large proportion of their employees to conduct their normal job activities online. It is suggested that there will be a cultural shift as a result of current events and the proportion of people working remotely, and subsequently working collaboratively using technology, will increase in the future as businesses seek to reduce costs and streamline their operations [2].
This report aims to explain the concept of collaborative technologies and the different methods used to facilitate it. Examples of collaborative technologies will be explained, and their relative benefits and limitations will be outlined. Finally, there will be a discussion about the future of this technology and what developments could be expected in the future, as well as any challenges and limitations that may need to be addressed.



2. [bookmark: _Toc41307798]Collaborative technologies
Collaborative technology is described by ConsoleTech [3] as tools and systems that are combined together in order to better facilitate group work, either in a defined place of work or remotely.  This is supported by Correia [4], who goes on to explain that collaborative technology allows for communication between multiple people and enables them to work together towards shared goals whilst promoting and enhancing mutual respect, building trust and allowing for the acceptance of different perspectives.
According to Kittle [5], the origins of collaborative technologies can be traced back to the early 2000’s when tools such as video conferencing were in their infancy and becoming more prevalent. Initially, the technology was not available to the wider market and was limited mainly to organisations that wanted to experiment with more immersive environments for their workforce. However, the early versions of collaborative tools were not always regarded as ‘enterprise-class’ and therefore not seen as reliable or powerful enough to be deployed on a large scale [5]. 
Gradually, as more tools were developed and released to the wider market, such as instant messaging, there was a surge in demand for more peer to peer interaction between individual users in a number of different settings. As the technology and tools became more sophisticated and powerful, they were adopted by a growing number of organisations to modify their existing ways of working.
According to De Vreede et al. [6], the continuing growth of the Internet and developments in technology such as connectivity and network bandwidth helped to provide a solid foundation and backbone to enable this growth.
It is also suggested that a key driver in the uptake of these new ways of working was the development of internet connected smart phones, tablet devices and other connected tools, allowing users to communicate with others more effectively and in ways that did not require them to be in a fixed location [6]. This interconnection of devices in this manner can also be referred to as the Internet of Things (IoT). 
However, Yin [7] points out that the Internet of Things is no longer just about connecting devices together but is now becoming ever more important in creating a more intelligent automated world. Yin [7] also puts forward the notion that the Internet of Things has now evolved and is slowly becoming the ‘Internet of Everything (IoE)’ which adds another dimension to the Internet of Things by identifying connections between people, data, processes, in addition to just ‘things’.
Developments in cloud computing in the last decade have also facilitated the uptake of collaborative technologies, with computing services such as databases, networking, servers, storage, and analytics  able to be provided over the Internet. This has allowed organisations to tap into only the services that they require, resulting in reduced costs and enabling greater efficiency [8].
Carnegie Mellon University [9] outline that the many different tools that exist to support collaboration can assist an organisation in the following ways:
· Facilitating synchronous and asynchronous text, voice, and video communication
· Helping to manage project management activities
· Supporting groups in their creation of new ideas by allowing them to work asynchronously or in real time
· Allowing consensus to be built by group discussions and communication
· Managing resources by helping to simplify and streamline their use

Examples of collaborative technologies are outlined by Olson & Olson [10], who put forward that they can be classified into three sub-categories:
· Communication tools – which can include things such as email, texting, voice and video conferencing, chat, forums, blogs, wikis, virtual worlds
· Collaboration tools – which can include shared calendars, awareness tools, meeting support, visual displays, workflow, and resource scheduling
· Information repositories – which can include the system architecture, the network, large scale computation and human computation
Elements from these three categories have been adsorbed into collaboration platforms which can be found in many organisations today such as Microsoft Teams and G-Suite from Google.

Bayrak [11] identifies that there are a number of specialised uses of collaborative technologies that are already found in many organisations in areas that include:
· Supply chain management – managing the flow of goods and services throughout the organisation
· Project management – overseeing and managing the work of a team of people to meet a specified objective and success criteria
· Distance learning – enabling studying remotely and interacting with others via email, forums, and video conferencing
· Human resources management – managing the people of an organisation 
· Corporate learning and training – developing employees to become better at their jobs and ensuring compliance with legal requirements
· Research and development – investments in technology to allow an organisation to acquire new knowledge to develop new goods or services
· Sales and marketing – enabling the organisation to promote and sell their goods and services
· Customer relationship management – using technology to help an organisation to build and develop customer relationships whilst ensuring that processes are streamlines to maximise sales and profits

Bayrak [11] goes on to state that collaborative technologies have now evolved so significantly that they are becoming core elements of the enterprise infrastructure for many organisations, as the physical boundaries of the traditional workspace have been removed. However, the decision whether to adopt these new methods of working must be assessed against the perceived risks, perceived benefits, and the general attitude within the organisation towards information systems.
The concept of multi-team membership is introduced by Bertolotti et al [12] as a factor in determining the effectiveness of collaborative technologies. Multi-team membership, or MTM, is the term used to describe an employee whose job role spans a number of different teams across an organisation. In this situation, there is a suggestion that the dynamics of multi-team membership could have an effect on the operation of the single teams in which an employee could be involved with. Being a member of multiple teams could have an effect on the level of performance of an employee as they may be expected to engage in many different online environments at the same time. As they divide their time between teams, their work could potentially become more fragmented and not be as thorough as it otherwise could be.


3. [bookmark: _Toc41307799]Benefits and limitations of collaborative technologies
Collaborative technologies have certainly made a huge impact and gained serious momentum and sustained growth. Bodell [13] has outlined a number of advantages and disadvantages of collaborative technologies  as a productivity tool in organisations:
[bookmark: _Toc41307800]3.1 Advantages
· Flexibility –  as employees are able to work at times that best suit them, savings can be made in work schedules as greater flexibility is achieved
· Cost efficiencies – overheads in many areas can potentially be reduced as there may be fewer infrastructure needs and a reduction in ongoing maintenance costs
· Greater participation - a wider range of contributors could be asked to participate in tasks which could allow for a greater number of ideas and opinions and delivering faster solutions
· Scaling – the scaling of systems used to work collaboratively can be implemented relatively quickly, and projects can grow as required because there is no need to depend on traditional software
· Security - features provided by cloud platform providers, such as encryption of data, can be utilised to ensure the protection of sensitive information

[bookmark: _Toc41307801]3.2 Disadvantages
· Accessibility - agreements must be reached with the workforce for achieving a suitable work-life balance, as the concept of being ‘always-on’ suggests that employees are always accessible and available for work
· Lack of clarity – the quality of personal contact could suffer, and the subsequent quality of communications could be affected. The potential of miscommunication of ideas could also increase as it may be harder to explain them without having real time interaction
· Feature overload - the prospect of having so many features available may prove to be too much of a distraction and detract from the features that are actually required. Only the features and tools that are essential should be included to prevent distractions
· Management of technology - additional roles may need to be created and the resulting costs could add a financial burden to an organisation as there may need to be a dedicated administrator to ensure the collaboration tools were working correctly
· Security - the management of security features is outsourced to cloud platform providers. The security of data and information would depend on their security policies and may not be sufficient to guarantee adequate protection
· Determining success - it may be difficult to assess the impact of these new ways of working over a short period of time and this must be factored in when determining how successful they have been
· Efficiency factors – when employees are presented with excessive options it could result in the working environment becoming less efficient and organised. Swift answers to questions may be harder to attain in this situation [14].   



4. [bookmark: _Toc41307802]Future developments
Newman [15] suggests that organisations that fully embrace the various collaborative technologies that are available to them can improve their productivity by between 20 and 30 percent. This will be very attractive as many consumers now expect an advanced user experience and fast response times. Newman [15] goes on to suggest that there are some key trends in collaborative technologies that organisations should make themselves aware of:
· API’s and integration – APIs are sets of pre written commands, functions and protocols that are used to enable interaction between software systems within an organisation and external systems [16]. As organisations begin to use many different applications collaboratively it would be wise for them to take advantage of APIs that are already available for them to work seamlessly. The availability of APIs could be a deciding factor in choosing which applications to use in the future so there will be a focus on making sure they are available to system administrators.
· Virtual and Augmented Reality – virtual reality will allow employees of organisations to engage with each other in new and dynamic ways. One such example would be a virtual boardroom meeting where robots could be used to mimic human beings. The eye movements and body language of the employee could be replicated by the robot allowing employees to feel more connected to their meetings. Augmented reality, on the other hand, would enable users to be even more immersed in their surroundings. For example, employees may be able to be in the office without actually needing to attend a physical workplace. Using AR technology could allow them to visualise their office workspace from their own homes by layering digital information and objects over the real world.
· Smart Virtual Personal Assistants (SVPAs) – the use of SVPA’s can assist in the raising of productivity and collaboration between employees. SVPA’s can be used to assist in meeting scheduling, reminding about tasks, and note taking. They could also be implemented to automatically scan emails for important information and producing an action plan, or creating a daily meeting schedule from an online calendar [15].
· Data analytics  – the shift to using online collaborative technologies will generate ever more data and analytics which will need to be stored and analysed. The capturing and recording of large datasets were originally a problem, however these processes have now been largely automated. The problem now exists within analysing the data and finding patterns and conclusions. The use of big data analytical tools will enable managers to monitor how employees are engaging with their collaborative tools. By tracking their workflows, managers will be able to establish which businesses processes are effective and eliminate those that make them less efficient [17].



5. [bookmark: _Toc41307803]Limitations influencing the future of collaborative technologies
Having such a wide variety of collaborative tools available presents a new set of challenges for managers in organisations.
Firstly, whilst the introduction of technology to encourage employees to work together can bring about positive benefits, Monitor Deloitte [18] identify that it can be hard to know where to begin implementing changes. This is where managers must ensure that they have a clear understanding of how the business operates . It is vitally important that the needs of all users that are involved remains central to any new strategy that is considered. This way there is less of a focus on specific tools that might be available and more of a focus on what is needed to get the job done [18].
Managers will also need to make decisions on where to focus their financial resources, as it is likely that any introduction of new technology will require some sort of financial investment. Smith [19] explains that the introduction of communication and collaboration tools will be worthless to an organisation unless they support and enhance the existing ways of working. The overriding goal for any investment in this type of technology will be whether it helps employees to get their work done more effectively. Smith [19] adds that there is a direct correlation between the employee and customer experience and that the development of any digital strategy in the workplace must factor in the experience of all stakeholders for it to be truly successful.
Forbes [20] puts forward the concept of organisations being too quick to introduce collaborative technologies and tools, and not truly understanding their requirements or purpose. This can result in greater sharing of valuable data, information, and intellectual property with outside providers. This rush to introduce technology, without fully understanding all of the associated implications, can create dependencies and vulnerabilities which can threaten the integrity of an organisation. Forbes [20] goes on to identify that some organisations will take a far more cautious approach and limit the sharing of data and information in order to maintain control.  
Even with security measures implemented within a workplace, there is a suggestion that these are no longer sufficient as more connected devices means that data is more often ‘in-motion’, meaning that it travels outside organisation firewalls and boundaries. This needs to be taken into consideration when deciding which tools and techniques are to be installed [21].



6. [bookmark: _Toc41307804]Conclusion
It is clear that there have been huge developments in collaborative technologies and tools over the last decade. Advancements in the concept of cloud computing and the Internet of Things (IoT) have aided this development and provided a backbone for their evolution.
There are many benefits that can come from adopting these collaborative technologies in different business areas such as in supply chain management, human resources management and the research and development areas. However, managers and those responsible for making strategic decisions in an organisation will need to ensure they are very clear in what they are aiming to achieve by investing in these technologies. Simply investing in them and having the technology available to the workforce will not be sufficient if the workforce is not clear on how they should be used or how they can conduct their job duties more efficiently.
In addition, the adoption of new technology will also bring about other issues that will need to be considered, such as security and accessibility.
There are some interesting developments on the horizon with collaborative technologies which could add new scope to their use and entice more business leaders to adopt them. Developments such as those in virtual/augmented reality, API’s, Smart Virtual Personal Assistants and data analytics are bringing about exciting changes to the traditional ways of a workforce collaborating and working together.
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