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The amount of data being generated and handled by organisations is forecasted to increase. A recent study undertaken by the World Economic Forum gives a summary of the amount of information expected to be generated by 2025 to be 463 exabytes of daily, equating to 212,765,957 DVDs per day [1] [2].  It is this amount of data being generated and available that is both an opportunity and a curse at the same time.
Organisations are having to adopt new methods of communication with their customers. It was the case previously that communication between the organisation and its users was through letters, phone calls and emails, but at present that level of communication speed delay is unacceptable. The expectation of communication contact has moved from days to minutes. 
The place of the internet in everything that is being done today is pervasive.  It is now the case that most, if not all communication between an organisation and its users will be through the internet. Technological developments of online messaging platforms such as Twitter, Facebook and others have redefined the communication landscape that business is conducted. It is the case now that the use of chatbots, messaging services, and other potentially perceived quick communication avenues are being integrated into existing communication infrastructure as a quick fix to the communication gap. It is this quick fix that is growing into a potential future information black hole.
Collecting data is no longer sufficient in today’s operating environment. Organisations are having to invest in finding means of discerning meaning in the collected data otherwise the collected data is an untapped resource. In this age of Big data and copious variations of the many new technologies being touted as the next big thing, it is safe to say that artificial intelligence and machine learning are part of the new age technologies being employed to solve this data conundrum. Organisations are looking for methods, techniques, and technologies for analysing this growing amount of data being collected through normal daily interactions.
The questions that organisations face are: Has the customer query been responded effectively? Were the customers’ needs placated? Is the organisation aware of what issues are being raised by customers at close to real-time? Time in answering these questions is crucial. Time, as the saying goes, is money. 
For it to be possible to answer those questions, it becomes necessary for the organisation to use techniques such as text analytics or text mining which involves lexicographical analysis, clustering analysis, pattern recognition, and sentiment analysis. In the DVLA case study, for the text analytics to be performed it will involve the conversion of all communication, text , and voice-based to be rebased as text.     
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It is currently not uncommon to witness many products being described as using machine learning and artificial intelligence and offering the solutions to the current technological problems, be it medical, business, military, educational, every facet of human activity is currently being sold a solution that makes use of this technology. It is therefore prudent to first start by defining what artificial intelligence and machine learning are and what they are not. A quick history will paint the best picture of the subject.
So what is artificial intelligence?
Many definitions of artificial intelligence have been proposed each giving a perspective that reflects the opinion of the author. Artificial intelligence is not a recent concept. The term artificial intelligence was first used in the 1950s by John McCarthy during the Dartmouth conference. Years later in 2007, Professor McCarthy answered the question of what artificial intelligence(AI) is as 
“ … the science and engineering of making intelligent machines, especially intelligent computer programs. It is related to the similar task of using computers to understand human intelligence, but AI does not have to confine itself to methods that are biologically observable.” [3]
Human intelligence is inherent to the description of who and what man is, whereas artificial intelligence is about the understanding of the thought process, performance and outcome. Any intelligent system is measured against a measure of outcome that relates to its “performance”. Did the system get the task right given all the inputs? This is what is defined as rationality.
Russel and Norvig [4] summarise the approaches of artificial intelligence into four categories i.e. thinking humanly, acting humanly, thinking rationally and acting rationally. 
But the idea of intelligent machines started much earlier in the depths of World War Two. Alan Turing discussed conditions that would make a machine intelligent [5]. In the now famous test of the Imitation game, Turing test, it is proposed that for a machine to be considered intelligent it needs to pass a test by answering questions posed to it by a human. For such a machine to pass it needed skills that include natural language processing, knowledge presentation, automated reasoning, and machine learning. The test was further adapted to include aspects of vision and movement. The latter being known as the total Turing test. 
While AI is the science of trying to copy a human being capabilities, machine learning is the science of training a machine through learning. This follows of training a machine through models, and an iteration of tasks to finesse the responses from the model to ensure that the responses received are as expected, in a nutshell, correct.
AI contains many fields that can be summarised as the following:
a)  Machine learning – this automates through the use of model the process of analytical processing. It makes use of methods such as statistics, physics, and operations research.
b) Neural network is where the model takes its design elements from the workings of neurons. It is a computing model where inter-connected components are used to mimic the workings a human brain. It involves the use of undefined data being processed multiple times to find connections and find meaning and value in the data
c) Deep learning
d) Computer vision
e) Natural language processing(NLP)
It is evident to the changes in technological times that call centres due to the many changes in the field are now best referred to as contact centres. This reflects the current nature of business where contact with users is developing away from telephone call only to now include communication through text and messaging avenues. This has meant that organisation have to change the view of how they think about contact from their users and to take a holistic approach.
However, despite the changes, nothing has changed about the operation of contact centres to reflect the new reality. Karakus and Aydin [6] noted that the challenges to a contact centre are due to the large volume of data produced, Big Data. Their paper looks at the challenges of analysing recorded calls and measuring call agent performance against KPIs. They, however, present a solution on only recorded media. 
 Pallotta et.al. [7] proposed a solution using interaction mining where pragmatic analysis of call centre recorded conversations are investigated using new metrics and key performance indicators (KPIs) that go beyond the usual measures. Pallotta et.all proposed that the use of interaction mining will allow for the detection of situations that cannot be inferred from a “bag of words” analysis. However, the paper looks at the voice transcribed texts.
Text analytics involves the use of text mining. Feldman and Sanger in their book explained that text mining is the identification and exploration of interesting patterns. Text analytics will, therefore, involve the use of pre-processing routines, pattern-discovery algorithms, and presentation layer [8]. 
It is, therefore, the aim of this project to go beyond just analytics typically on text transcribed from voice calls and to also include the interactions from text-based interactions that are being ignored in providing analytics. The project will also aim to device a model that can interpret the sentiment from social media interactions from Twitter.
Go, Bhayani and Huang [9] used three machine learning methods, i.e. Naïve Bayes, support vector machines and maximum Entropy in text sentiment classification of Twitter messages using emoticons to represent labels. They conclude that the applicability of models for sentiment analysis provided for 80% accuracy while using supervised learning models. 
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To investigate the use and implementation of machine learning and artificial intelligence in a call centre. 
To review the existing voice analytics system and provide a holistic system integrating text and voice analytics covering all the call centre traffic avenues.
[bookmark: _Toc10156647]3.2 Objectives

The objectives of this project are to:
a) produce a machine learning model that could be deployed for text analytics use to identify issues such as sentiment analysis, customer frustrations and even establish sources of inefficiencies.
b) develop a machine learning model that could be used to inform contact centre traffic patterns.
c) develop a working contact centre analytics suite that can be further developed into a production suite that integrates text analytics and sentimental analysis.
d) provide evidence of the advantages of holistic analytics approach by comparing against current reports and inform any future consideration to add text analytics and sentiment analysis.

[bookmark: _Toc10156648]3.3 Conclusion of Aims & Objectives
The outcome of this project is to have a working contact centre suite making use of machine learning and artificial intelligence for call centre analytics. It is the aim of the project that the outcomes of this project will provide evidence of the advantages of using machine learning and artificial intelligence. It is an objective of the project that the outcomes here will inform future work into call centre improvements at the DVLA.
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[bookmark: _Toc10156650]4.1 Philosophy

During this project, the approach to be adopted is a combination of phenomenological and aspects containing strategies of some positivity. It is acknowledged that this will require skills and research material to be available.  An inductive approach will be the main driver for the project although part of the project will involve the development of a mimic system.
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The strategy to be employed will include an experiment of a machine learning model that will have been trained using supervision. During training, the model will be instructed on labelled conversations that will be transcribed. These conversations are expected to be samples of approved conversations, however, if this proves to be a challenge it is the aim of the researcher to construct meaningful conversations that would not be out of place. The conversations will be expected to cover all the services currently offered by the DVLA.
Documentation of the existing voice analytics will be read and researched to critic the current implementation of the system. The researcher is aware of commercial sensitivities around the subject and is aware of future development being proposed on this front however the envisaged scope will still miss out the text analytics.
A survey will be conducted with the analytics team on the current view of the effectiveness of the current system. An initial impromptu meeting has been held with an agreement for future meetings. The initial views are that despite the use of the voice analytics system, it appears that there continues to be a lack of informative analytics for the senior management team. 
It is the case that for any meaningful analytics, it currently involves a lot of manual manipulation to refine the categories of the data outcome. It is also the case that text analytics for chat, email, and other customer communication channels is being missed from the representation.  It is the expected view that from the current 20% of traffic, the future growth potential for this class of communication will increase exponentially.
Sentiment analysis is currently not being offered as part of the analytics is done. It is the aim of this project to be able to integrate a sentiment analysis through the use of a custom model and or a cloud natural language service.
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This project will employ the use of an experiment on a case study to show the use of text analytics and sentiment analysis being deployed to the contact centre traffic. For this to be an effective case study, this project will follow the key characteristics identified by Benbasat, Goldstein, and Mead [9]. Although there is no defined definition of case study and the expectation of a case study, the investigator in this project will adopt the key case study characteristics as defined by Benbasat et.al as:
i) Phenomenon is examined in a natural setting – the study will be ideal from real contact centre traffic
ii) Data are collected by multiple means - in this project, this would be from chatbot text, Twitter traffic, voice analytics, and internal communication
iii) One or few entities are examined- in this project that would the chatbots, emails, internal communications, and relevant keywords
iv) Complexity of the unit is studied intensively
v) The investigator should have a receptive attitude towards exploration. It is the view of this investigator that new skills will have to be acquired in terms of machine learning and artificial intelligence capabilities, model programming and contact centre knowledge.
vi) No experimental manipulations
vii) The investigator may not specify the set of the independent and dependent variable in advance
viii) The results will be derived from the investigative powers of the investigator – this investigator has got an initial agreement to be embedded with the analytics team for part of the project especially for the initial stages.
ix) Changes in site selection and data collection methods could take place as the investigator develops a new hypothesis- it is the perceived mission of this investigator to follow the data and only the data. 
x) This research is useful in the study of why and how in operational links – this investigator is committed to getting a comprehensive answer as to the effective and practical use of text analytics and sentiment analysis and its relevance in the current requirements of the organisation.
xi) The focus is on contemporary events- this investigator will focus on current day to day analytics and as close to t-events [9].
[bookmark: _Toc10156654]4.3.2 Machine Learning Model Development

It is imperative for the project to develop a machine learning model, catering to the individual working needs of the DVLA Contact Centre.  The data dictionary words will be initially seeded with current words from the voice analytics model.
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To develop the sentiment analysis capabilities, the project will consider the use of only Twitter traffic. Twitter will be monitored for the use of DVLA keywords either through the tagging of the DVLA official account or explicit use of DVLA in the hashtags such as #DVLA.
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The use of VOIP technologies will be used to mimic the live environment in a safe sandbox. The project is going to make use of Twilio [10] to provide the sandbox facilities of a mimic contact centre. 
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A survey of questions will be sent to the analytics staff and the senior management team to ask questions about the content, accuracy, depth, and insight of analytics. The main task would be to get the views of the providers and the consumers of the reports.
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A notable risk the project runs to is the lack of the data dictionary for use in the machine learning models. In order to ensure that the project will not be held back by the lack of words, keywords for the case study will be developed from the published available reports including DVLA Business Plan [11], DVLA Annual Reporting Accounts [12], DVLA Strategic Plan [13], DVLA IT Strategy Report [14], and DVLA forms [15].
Another risk the project faces is the trust of the sentiment analysis factor of the Twitter traffic. It is a researched fact that a part of the Twitter traffic is due to bots [16] [17] [18] [19] [20]. 
	Checklist of most common issues 
	Considered?

	Availability of resources 
	

	· Financial 
	

	· Equipment 
	

	· Space 
	

	· Access to personnel with the right skills (supervisory, technical, general research assistance) 
	

	· Time 
	

	Identification of training requirements 
	 - need specific Python and modeling skills

	Availability of supporting/secondary data 
	 - use of traffic data will need to be signed off to ensure anonymised cleaned data

	Research
	

	· Qualitative or quantitative approach (or both) 
	

	· Direct observation 
	

	· Questionnaire 
	

	· Fully-structured, open-ended or free (or a combination) 
	

	· Open or closed questions (or both) 
	

	· Face-to-face 
	

	· E-mail 
	

	· Selection of scales for measurement 
	 - informed by the feedback from current users of the analytics reports

	· Interviews 
	

	· Scheduling 
	

	· Free interviewing 
	

	· Exploratory interviewing 
	

	· Probing 
	

	· Extended interviewing 
	

	· Diary 
	 - dependent on the availability of SMT and analytics team

	Development work
	

	· Availability of space 
	

	· Scheduling project work time 
	 - every Friday

	· Equipment 
	

	· Technical support and expertise 
	 - will consult experts on ML, AI, and VOIP

	· Suitability of location(s) 
	 - based at DVLA

	· Site access (e.g. is permission required?) 
	

	· Use of existing standard methods or development of a new method? 
	

	Numerical methods
	

	· Availability of hardware 
	

	· Availability of software; licence for software 
	

	Sampling issues
	

	· Qualitative or quantitative approach (or both)? 
	

	· Target population 
	 - SMT and analytics teams

	· Sample population 
	 - total

	· Control population 
	

	· Number of variables involved 
	 - voice analytics data, chatbot text, email all anonymised

	· Choice of variable 
	

	· Dependent, independent, confounding, quantitative, qualitative, discrete, continuous 
	

	· Type of variable 
	

	· Nominal, ordinal, interval 
	

	· Sample size 
	

	· Desired accuracy 
	 - 3 sigma

	· Response rate 
	 - hope to achieve 100% due to the small size of respondents

	Data recording and storage
	

	· Access to data and compliance with data protection legislation 
	

	· Choice of media for recording and storage of data 
	 

	· Use of logbook(s) 
	

	· Backing up information 
	

	· Media/location 
	 - use of online facilities Office 365, Project Planner, Dropbox, and Google Drive

	· Frequency 
	 - daily backup

	Data interpretation and analysis
	

	· Qualitative or quantitative approach (or both)? 
	

	· Use of tables, figures, graphs, flowcharts, photographs 
	

	· Precision 
	 - high

	· Accuracy 
	 - high

	· Sensitivity 
	 - vital

	Consideration of reliability, replication, and validity
	

	Ensuring methods and approach are compatible
	



Table 1 Risk Consideration [21]
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For the data to be evaluated, the project will compare the current analytics being presented using only the voice analytics that has been developed through considerable manual effort and the reports to be presented from this project. It is desired that the aims and objectives will be answered by a comparison of the qualitative and quantitative results. 
[bookmark: _Toc10156660]4.6 Conclusion

This project will initially lean on the experience of the analytics team to cut down the learning slope of the existing analytics which at present is only on voice analytics. The plan has been developed to ensure that the objective of the project delivers value over the existing system.
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Resources required for this project will include:
	Software
	Description
	Uses
	Project use

	Python
	is an interpreted high-level programming language
	Used as a coding language in machine learning and data science application through using libraries
	Used to develop the example application

	R
	Is a software environment for statistical computing
	Used a coding language in data science
	Used to experiment in creating variations of the application

	Cassandra
	Is a free NoSQL database
	Used a data store for large amounts of data
	To store the text from transcribed calls, chatbot and emails

	Jupyter Notebooks
	Software web environment for Python and R
	Used to run projects in specific language environments on the web
	Will be used in developing and experimenting with multiple languages and will save space and time by avoiding multiple installations

	Tableau
	Is an interactive data visualisation software
	Used to visualise data
	Will be used to visualise the results of the text analytics and sentiment analysis

	Apache Drill
	Is a software framework for large data-intensive distributed application
	Used to query large NoSQL data stores
	Will be used to querying the datastore
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The project will utilise cloud services to take advantage of some of the current offerings in the field of data science, machine learning, and artificial intelligence.
	Cloud Services
	Offering 
	Project Use

	Azure HDInsight [22]
	Provide easy, cost-effective open source analytics with offering such as Kafka, Apache Storm, and Machine Learning services
	Kafka will be used for streaming real-time data feeds and will be used for the Twitter data streams and the real-time chatbots.

	Google Cloud Natural API [23]
	Provide text analytics models for unstructured text making use of Google Machine Learning
	The project intends to make use of unstructured text, especially with the real-time data.

	Twitter [24]
	Social media platform
	The project will make use of the tweets associated with the official Twitter handle @DVLAgovuk and any associated hashtags

	Twilio [10]
	Cloud communications platform
	This project will endeavour to make a prototype of a call centre with chatbot since it is not feasible to make use of the live environment. The prototype will include the system layout as-is with voice, and text accepted.
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Hardware to be used in this project is:
	Hardware
	Uses

	Toshiba Portege Intel i7

	The project will be developed on the organisation approved laptop. The laptop is hard-drive encryption enabled and can only be accessed through a password. 

The machine is of Windows 10 OS and all the software named above are installed on it. 
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The above resources will be used to create a system similar to the following figure. 
[image: ]
[bookmark: _Toc10152560]Figure 1 Text Analytics example
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For the project, the use of Office 365 Planner has been used to plan the project timeline. Due to the potential size of the software development requirements the development of the mock contact centre suite will commence as soon as possible.
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A review of the aims and objectives will be carried out as soon as the questionnaires, interviews, and surveys(QIS) are reviewed to ensure that the project will be aligned with reality.
As soon as the machine learning model are developed they will be deployed and updated as the overall development continues.
[bookmark: _Toc10156664]5.3 Conclusion of Resources & Planning

The time allocated to the project investigation and discovery will inform the rest of the project. It is expected that the learning phase will initially contribute to a slow start and affect the quality of development of the model but with the scheduled reviews it is expected the effect will be minimal.
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