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 Educational institutions and the students they serve may appear to have different,
 altogether disconnected goals. Students want to graduate and enter into stable, high-
 paying professions, while universities want to stay afloat financially. But these two
 seemingly unrelated goals in reality are closely interconnected and interdependent.
 Both students and universities face numerous challenges that are intimately related and
 can influence each other. One such example is the lack of a robust system of analytics to
 track and analyze the academic performance and other non-academic factors of students.
 The lack of such a system would preclude teachers from identifying students at risk and
 developing methods for systematically addressing the most crucial areas in need of
 improvement and support. As a result, without receiving the needed help to improve their
 performance, students may become uninterested with and disengaged from their program
 and university, and decide to drop out of the academic institution altogether. An increased
 student dropout rate translates directly into loss of revenue for the school and perhaps
 even a bad reputation.
 To resolve critical issues such as ways to increase student retention, universities need to
 hire qualified personnel and acquire the necessary technology that is crucial to creating
 and maintaining the appropriate analytics information technology (IT) infrastructure and
 processes. But with the challenging financial standing of many universities today, this goal
 may seem untenable. This is a good opportunity, however, for putting in place a coherent
 and effective analytics strategy built around academic best practices, standards, and tools.
 These would allow for not only analyzing the problem, but also predicting, prescribing, and
 encouraging decisions that would both benefit the educational institution and enhance
 the academic experience of its students.
 The consequences of this massive and continuing exodus from higher education are not trivial, either for the individuals who leave or for their
 institutions. ” – Vincent Tinto
 “
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 Having the right analytics infrastructure can enable educational institutions to address
 students’ academic needs while improving their experience and perception of the
 university, thereby increasing student retention and likelihood of program completion.
 Analytics in Higher Education: Building the Case for Student Retention
 A look at Vincent Tinto’s Predictive Theory of DropoutUniversities require better data collection and analysis tools to be able to make informed
 decisions on improving their operations and enhancing student satisfaction. In addition
 to the right technology, an effective long-term vision and efficient processes are needed
 to attract students and keep them engaged in their educational program. And vision
 oftentimes comes from abstract models built to describe and address student retention
 challenges, such as Vincent Tinto’s “Model of Institutional Departure.” In 1975, award-
 winning Distinguished University Professor of sociology at Syracuse University Vincent
 Tinto spiked a long-lasting and influential debate regarding student dropout with his
 paper “Dropout from Higher Education: A Theoretical Synthesis of Recent Research.” 1
 Vincent Tinto’s “Model of Institutional Departure” is the most well-known predictive theory
 of dropout describing how students engage with higher education. One important aspect
 that Tinto sees as influencing student retention is the social context that students are
 exposed to as part of university or college life. He writes, “insufficient interactions with
 others in the college and insufficient congruency with the prevailing value patterns of the
 college collectivity […] will increase the probability that individuals will decide to leave
 college and pursue alternative activities.”
 Furthermore, Tinto underlines in his model “sets of individual characteristics and
 dispositions relevant to educational persistence” that complement information about
 individual background traits such as social status, prior education, race, ethnicity, etc.
 Indeed, he underlines that the individual’s personal career choice, educational plans and
 expectations, as well as his/her level of commitment to these plans and expectations
 constitute decisive attributes that push students toward academic success, as opposed to
 failure.
 So, higher education institutions must ensure that students integrate into both academic and
 social systems—formal and informal—within the university or college setting. In so doing,
 1Tinto, V. 1975. Dropout from higher education: A theoretical synthesis of recent research. Review of Educational Research 45(1):89–125.
 http://www.jstor.org/stable/1170024?seq=1#page_scan_tab_contents
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 postsecondary institutions must create a favorable environment for students in order to
 maintain and enhance students’ commitment to their educational and career goals, and
 consequently avoid having them drop out of school. Schools can accomplish these goals by
 taking advantage of flexible software products that can sync with and reinforce their values
 and vision regarding the student experience.
 The Current SituationDespite the fact that universities handle a lot of data, one of their main challenges consists
 of gathering, filtering, searching, and analyzing it efficiently. These institutions need to be
 able to manage complex information—biographical, financial, administrative, etc.—about
 thousands of students and hundreds of teachers, courses, and workshops, and find ways
 to analyze and interpret the connections, correlations, patterns, and gaps between them.
 One important use case for efficient data analysis and interpretation is low student
 retention. Educational institutions can put in place an efficient data management and
 analytics infrastructure that allows them to readily analyze and interpret all this data, and
 identify factors that place students at higher risk of dropping out. Once they identify these
 high-risk individuals, they can:
 • set up corrective preventive measures;
 • establish a learning process to improve detecting, predicting, and acting upon these
 risks; and
 • identify costs and benefits to ensure they have the most cost-effective measures in
 place.
 The ChallengesMost universities already rely on various software solutions to manage all this data. Some
 of these solutions are developed in-house, while others are produced by third parties.
 Regardless of their source, all these systems produce data and information that need to be
 processed and analyzed, presenting some significant challenges:
 • Data fragmentation (data silos). In many cases, the end result of having all these
 systems in place is that data is stored across disparate systems, such as separate
 databases, spreadsheets, and folders. This leads to data fragmentation and the
 presence of disparate data silos throughout the university. This fragmentation is a
 huge challenge to overcome when trying to build detailed 360-degree views/profiles
 of both students and professors that help unveil areas of difficulty in learning and
 teaching, respectively, as well as overall student satisfaction with university life.
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 • Dataalignment. Inherent with data fragmentation is of course the notion of lack of
 alignment of data originating from disparate systems. Institutions require the proper
 collection and preparation of data that is of high quality for accurate data relationship
 building and processing. In other words, they need to have homogeneous information
 in place to be able to analyze it accurately.
 • Delay in the data management (data-to-action) process. One challenge to
 overcome the lag in the time from data collection to the time action is taken. The
 analytics process must enable optimal response time—perhaps real time in some
 cases—to ensure that prompt attention is paid to risks and that data is made readily
 available for further analysis.
 Only once the data is unified and aligned and data flow is sped up can schools start to
 analyze it accurately and consistently, and make informed decisions that would not only
 address current problems but also prevent new ones from arising. Having a solid foundation
 for the right analytics platform can ensure universities have the requisite technology in
 place to derive benefit from actionable data and garner valuable insights. Specifically, they
 require the necessary software systems to gather, manage, and analyze all their data.
 The Benefits of Setting an Analytics FoundationHaving the proper data management foundation and the right technology for performing
 analytics can bring bold benefits to higher education institutions. These organizations
 can leverage these insights and establish strategies that support attracting and retaining
 students.
 Below are four phases to consider for higher education institutions looking to establish an
 analytics process:
 1. Discoveryandexploration:Whatishappening?
 During this stage, university professionals concerned with low student retention
 may view what is happening with students in real time. For example, a chief
 academic officer may receive an alert that Student X, who holds a very good record
 in engineering prep courses, appears to be struggling with very basic engineering
 courses.
 2. Reportingandanalysis:Whydidithappen?
 Analytics applications can be used to unveil the various factors that led to Student X
 having difficulty with basic engineering courses. These systems may indicate that the
 engineering courses the student is struggling with are taught by the same teaching
 assistant (TA) and that, in addition, the student is also failing an intensive Chinese
 language course required for a double major.
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 3. Predictiveanalyticsandmodeling:Whatcouldhappen?
 Based on the observations from the previous two stages, these analytics applications
 can be used to predict that Student X may make the decision to drop out if no
 intervention plan is put in place to support him or her.
 4. Decisionmaking:WhatactionshouldItake?
 Following university academic advising policies and programs, Student X may be
 invited into conversations with his/her academic advisor to identify the areas where
 he/she requires support.
 Educational institutions can go one step further and subsume these phases within an
 overall learning strategy. The aim of this approach is to continuously achieve improvements
 in institutional results based on experience: What did I learn, and what’s best? The chief
 academic officer can look beyond individual student issues and identify larger university-
 wide areas for improvement.
 Moreover, the handling of data using a comprehensive data perspective can encourage
 these institutions to expand the use of their analytics platforms to many other operational
 and business areas. These areas may extend to tuition and enrollment planning, curriculum
 development, and budget and financing, among others.
 For an organization that cares about its student community as much as its revenue growth,
 giving relevance to acquisition, design, and deployment of a complete analytics platform
 can make a critical difference in increasing student retention while ensuring healthy
 revenue growth.
 Improving Student Retention with IBM Analytics for Higher Education
 Owing to its vast experience in data science, IBM has created a comprehensive offering
 of analytics solutions for education. Using technology and following student retention
 theoretical frameworks like those of Tinto, the vendor has created a foundation of
 comprehensive analytics offerings for education called the IBM Analytics Education
 architecture (summarized in figure 1 on the next page).
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 Figure 1. The IBM Analytics Education architecture. IBM analytics collects data from fragmented data repositories such as learning management systems (LMSs), e-learning, social media, and facility monitoring systems (e.g., campus parking) and processes it in real time. For processing, the system uses discovery and predictive formulae to manage decisions that impact outcomes-based learning, executive oversight, budget and finance optimization, curriculum planning, student experience, and intervention management.
 The foundation and architecture provided by IBM for educational institutions constitute
 a full cycle of data management solutions. These solutions can be used for taking both
 proactive and reactive decisions. This cycle continuously receives new data, and supports
 large volumes of historical information analysis that provides higher-quality data for better
 decision making.
 This analytics cycle provides critical information and high value to universities and their
 students. It does so by preventing issues from developing and addressing issues at the
 early stages of development, leading to increased student satisfaction and retention. These
 outcomes may eventually translate into a better reputation and financial success for the
 university.
 By delivering this analytical framework to educational institutions, IBM addresses the needs
 of the different stakeholders. These are the chief academic officer, superintendent, chief
 financial officer, and president/chancellor.
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 © 2015 IBM Corporation1
 The full value chain for IBM Analytics
 Information LayerHow is data managed and
 used?
 Descriptive LayerWhat is happening or what
 has happened?
 Predictive LayerWhat could happen?
 Prescriptive LayerHow can we achieve the
 best outcomes?
 Cognitive LayerTell me the best course of
 action
 IBM Data Management
 IBM Information Governance
 IBM Big Data
 IBM Academic Performance and Insights
 IBM Education Solutions
 IBM Predictive Student
 Intelligence
 IBM Business Intelligence
 IBM Predictive Analytics
 IBM Watson Analytics
 IBM Financial Reporting
 Watson Analytics
 IBM Financial Management
 IBM Watson for Education
 IBM Content Management
 Extended Capabilities
 IBM Risk Management
 IBM Social Media Analytics
 IBM Advanced Case Manager
 Figure 2. The IBM Analytics value chain. The system is made up of informative, descriptive, predictive, prescriptive, and cognitive layers. These layers enable educational institutions to identify students at risk, understand the risk factors, and consequently intervene in a timely fashion.
 The IBM Analytics framework takes a layered approach (informative, predictive, prescriptive,
 and cognitive) that aims to deliver value to universities and colleges at different levels. A
 summary of the full value chain for IBM Analytics for education is provided in figure 2.
 The IBM Analytics for higher education solutions use each layer to help address specific
 student retention challenges that universities face today. Each layer will be described in
 detail in this document. And the principal benefits of each layer will be illustrated by the
 story of The University of Western Sydney, which was able to understand the secrets of
 student attrition with IBM Analytics. Here is a brief on the institution:
 The University of Western Sydney (UWS) is a comprehensive public university with six campuses in the Greater Western Sydney region. With approximately 3,000 staff and 42,000 students, it has a comprehensive course profile including natural and physical sciences, humanities, medicine, law, and other vocational and professional qualifications. UWS wants to ensure that as many of its students as possible reach graduation—helping them achieving their academic goals, and protecting its own finances. Student attrition is one of the biggest threats to this objective.
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 The Information LayerThe information layer is the basis for any analytical work. It provides the information
 needed to track performance, predict or identify issues, and determine actions that
 improve student satisfaction, as is the case of UWS:
 UWS had difficulty identifying students that were considering dropping out of school as well as students that were contemplating switching universities after first year of studies. The need of the hour was to assign a risk profile to each student, which could be used to identify those who were likely to drop out of the system altogether, and those who were likely to move on to another university at the end of their first year. The team was able to define three broad categories: students who leave because they aren’t academically prepared for university, students who leave because of personal issues such as family or financial problems, and students who leave because they want to enroll at a different university.
 At this level, the main challenge is to find clean and relevant data—gathering data from
 separate sources managed by different departments, saved in different formats, and
 following different rules. Consequently, it is very challenging to get a single view that
 represents the university life holistically. At this layer, IBM’s software and methodology
 provides information governance; data, content, and big data management; and stream
 computing to address these issues.
 The Descriptive LayerOnce the information layer is properly managed, it is critical to set up the descriptive layer.
 This layer defines easy and reliable ways for consuming the information gathered in the
 first layer. As different stakeholders are interested in different key performance indicators
 (KPIs) and the methodology used to analyze data can change the way it is interpreted,
 universities end up having contradictory KPIs and incomplete reports. This inconsistency
 ends up complicating decision making instead of simplifying it, as is the case of UWS:
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 To address these challenges, IBM helps universities define a consistent approach to
 analytical thinking. IBM Analytics solutions enable educational institutions to map the
 data originating from various sources as well as the relationships between different types
 of information. These solutions also help universities create and manage templates and
 other options for easily generating and sharing reports. With these solutions, IBM brings
 to higher education institutions the capabilities of Watson Analytics as well as business
 intelligence, financial performance management, and compliance and risk management.
 The Predictive LayerWhile the importance of the first two layers is easy to grasp for most people, the predictive
 layer is still not clearly understood by consumers of data in universities. The main challenge
 is the perceived complexity of this type of analytics and the fact that universities do not
 consider its results to be able to play an important role in designing and executing their
 strategies and tactics. This considerably limits the development of new initiatives and
 jeopardizes the execution of existing ones.
 A change in the mindset of university executives may shift focus from traditional reactive
 activities to proactive actions. When looking at low student retention, for instance, it is
 much more useful to predict its causes than to try to fix it—as it may be too late. In the case
 of UWS, IBM Analytics tools can accomplish the following:
 Neil Durrant, Director of Performance and Quality at the University of Western Sydney, explains: “Student retention is an issue across the higher education sector. At UWS, we have more experience than most because we have such a strong focus on supporting students from nontraditional academic backgrounds, where attrition rates can be higher for various cohorts. You can’t wait for students to come to you with their problems, you have to be proactive and look for the warning signs—and a lot of universities are investing in predictive analytics to try and do just that. But at UWS, we realized that simply assessing the risk of a student leaving the university isn’t enough: in order to help them, you also need to understand their motivation for leaving.”
 IBM Analytical Decision Management is used to allocate a risk score to each student and classify them into one of the identified risk categories. These risk profiles are used to display relevant and timely content to students on the student portal.
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 Predicting students at risk of dropping out is only the first step in a strategy to determine
 potential causes, which need to be addressed by corrective action plans. Besides its
 capabilities for predictive analytics and decision management, IBM Watson Analytics deals
 with the aforementioned perceived complexity. All these capabilities can provide users
 with the right insights to manage risks.
 The Prescriptive LayerThe main challenge with the prescriptive layer relates to the distinction between
 predictive and prescriptive analytics often being ill defined and misunderstood. Assuming
 that university decisions makers will implement the predictive analytics layer, the
 prescriptive analytics layer may seem unnecessary.
 In a nutshell, prescriptive analytics combines the results of predictive analytics with business
 rules, and mathematical and computational models. The end result is the presentation of
 various decision options and an estimated probability for success for each. When using
 predictive analytics only, decision makers in universities still base their decisions on non-
 quantifiable factors, as they cannot estimate the ways in which their decision will impact
 the bottom line. With prescriptive analytics, they can, as is the case of UWS:
 In the near future, UWS plans to knit all the elements of the solution together into a seamless end-to-end process. Each time a new set of data becomes available—for example, when the results of a student assessment are released—the model will automatically re-score and recategorize each student. Aggregated reports and dashboards will then automatically be generated for each faculty, showing the risk profile of the faculty and prompting appropriate interventions. This will alert the faculty staff to take appropriate action, using retention strategies designed to help students in each category, instead of a one-size-fits-all approach.
 Prescriptive analytics does not remove the human factor, but it provides solutions that may
 not be readily visible to decisions makers as viable options. It can also help guide decisions
 when several options may seem equally appropriate or advantageous. For this layer, IBM
 provides a mix of social media analysis, advanced case management, predictive student
 intelligence, personalized learning analysis, and business intelligence.
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 The Cognitive LayerPerhaps the most abstract of all layers offered by IBM is the cognitive layer. This layer
 involves the use of a “cognitive” system—IBM Watson. This system can collect data from
 multiple sources and pre-process the information in order to expose patterns, connections,
 and insights. Even more importantly, trained by a human expert, IBM Watson can learn
 how to interpret this information. In this way, it can not only provide insights, but also
 propose multiple or best possible solutions, as well as automate some of them. In fact,
 IBM Watson can play a role in each step of an issue. For student retention, it can provide
 help throughout the entire analytics process: from the most effective way to engage the
 student, to the discovery of all the potential solutions, to decision making on the best
 course of action to address the student’s issues.
 These analytics capabilities can be understood for their practical applications, such a
 personalized student advising. While it is true that many educational institutions might
 still not be ready to take full advantage of them, a true potential exists for institutions to
 reach the next level of service using these systems.
 Conclusion
 As universities strive to ensure that most students enrolled in their programs graduate, they
 face a data management challenge. With data spread across multiple systems, educational
 institutions struggle to understand principal causes of student dropout.
 The foundation and the architecture provided by IBM Analytics for higher education
 provide a complete cycle of data management. The IBM Analytics offering allows higher
 education institutions to analyze data originating from various sources and systems, and
 supports both reactive and proactive decision making. The system builds on historical
 information viewed from multiple perspectives and provides an increasingly enriched
 way of viewing the available data. Furthermore, it breaks the vicious cycle of low student
 retention and poor university financial standing, and rather creates a virtuous cycle that
 aims to address issues as they arise or prevent them altogether. The end result is enhanced
 student satisfaction and increased student retention. This in turn directly translates into a
 better reputation and hence the financial success of the academic institution.
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