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1 Project aim, rationale, need and sector readiness

Following consultation within the ATN Data Analytics Group (DAG), the ATN Grants Scheme for
Excellence in Learning and Teaching 2018 commissioned a 12-month (extended to 18-month) project
focusing on Text Analytics. The project would seek to build the longer term technical and
organisational capacity for ATN institutions to apply natural language processing techniques in order
to collaboratively address strategic organisational priorities. The project was named Higher
Education Text Analytics (HETA) with a website at http://heta.io.

1.1 Project Value Proposition

This was an opportunity for the ATN to accelerate the building of its text analytics capability by
sharing expertise and technology across the institutions. As a short, applications focused project, the
primary goal was to establish technical and operational processes to best leverage discrete areas of
expertise for longer term mutual benefit. The primary sustainable output would be the creation of a
collaborative group of experts and wider community of practice who could continue to work
together, expanding beyond Text Analytics to other strategic foci beyond the project life span.

The project pooled resources across the ATN to address shared challenges and opportunities, to
avoid parallel and duplicate efforts. The project aimed to maximise the benefits for the ATN through:

e A modular approach with a small, shared set of applications allowing flexibility for projects
that are prototypic in ambition and well-defined in execution.

® |Insight into analytics for all ATN members strengthened from the sharing of experience,
findings and lessons across our individual contexts and implementations.

® A cooperative approach across partner institutions: contribution of expertise, resources and
time from all on an equitable basis and as suitable, with funding distributed appropriately for
the size and scope of the project.

® The project’s recommendations would leverage the talents and resources of the ATN for a
sector-wide collaborative approach to analytics to improve learning and teaching.

1.2 Project Focus and Rationale: Text Analytics

This project addressed the challenge of developing Text Analytics capacity in the ATN. The project
aimed to build significant institutional capacity in the ability to provide automated analysis of three
different kinds of text corpora. To do so requires a distinctive mix of expertise from Computing,
Artificial Intelligence/Data Science, Learning Sciences, Academic Language & Literacy, Disciplinary
Academics, and Writing Pedagogy.

This project addressed pressing needs on several fronts: pedagogical, research and capacity building,
and understanding the commercial space:

The need to understand the marketplace. There is a rapidly growing commercial market in text
analytics tools, and universities need to raise their literacy in order to ask probing questions about
the scope and validity of such products. Vendors will often not disclose their algorithms, making
informed decisions harder. This project will give the ATN first-hand experience of an open source tool
developed at UTS, plus other tools that partners may have experience with. The project will
therefore build a community to share expertise and experience about products and research/open
source tools.


http://heta.io/
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A shared, open source technical infrastructure will accelerate not only the rollout of end-user facing
tools, but the underpinning development work, and the ability to test the replicability of findings.
(See the Technical Appendix 3 for details of the Text Analytics Pipeline)

The need to build organisational capacity. Analyses of the state of the art in Australian higher
education (Colvin et al. 2016; Siemens et al. 2013), and the partners’ lived experience, emphasise
that it takes time to build the expertise, and technical infrastructure, to gain value from learning
analytics in any domain. Text Analytics is no exception: while university NLP research is
commonplace (and an active field of inquiry in several of the ATNs), NLP tools are not yet
commonplace in learning infrastructures, or the work practices of survey teams, or curriculum
analysis teams. Analytics tools alone are not transformative, but in the longer term must be
integrated into the relevant business processes and staff work practices. For WP1, tools should be
integrated into the curriculum so that students and staff can see how the tools fit (e.g. aligned with
the learning design, and the assessment regime). Students and staff must know how to access and
interpret the data and feedback.

The need for common infrastructure to accelerate research and rollout. Collaboration around a
common technical infrastructure will advance writing analytics in at least three ways:

1. testing the current tools in multiple contexts to verify their generalisability

2. extending and refining them for new subjects and contexts

3. generating larger, shared datasets for researchers, such as de-identified text corpora,
human-annotated texts, and the output metadata from analytical tools. Some partners are
also aims to introduce machine learning approaches, which improve with larger datasets.

The need to provide better writing feedback. Applied research and development at UTS, and
internationally, provides preliminary evidence of positive student and academic responses to writing
analytics, indicating the feasibility of scalable services (e.g. Buckingham Shum, et al. 2017; Gibson, et
al. 2017; Knight, et al. In Press; International Writing Analytics Workshops 2016-18). Increasing
university capacity to deliver formative, timely, personalised writing feedback to students, at scale,
would be a significant achievement, and is simply not cost-effective using conventional methods.
Thus, a unique opportunity exists for learning analytics, but only if it can be designed with
pedagogical integrity to satisfy justified concerns around the limits of artificial intelligence, and
academics’ criteria for feedback.

1.3 Higher Education Sector Readiness

ATN readiness to share expertise and build capacity. A few leading US universities have begun to
develop analytics infrastructures in recognition of the need for large scale text analysis (for both
learning and research). University of Michigan, Carnegie Mellon and Arizona State University are
leading examples, with whom we are in active dialogue. Strategically, therefore, the ATN needed to
build its capacity to ensure that it has the academic and organisational depth of experience to shape
the conversation with vendors and potential international partner universities. This project started
with a working analytics infrastructure from UTS, which built on the international body of research
into the effectiveness of writing analytics, plus know-how in participatory design processes and
pedagogical practices for the use of these tools. Supported by UTS, partners would pilot the tools,
and extend the technical and organisational infrastructure.

Readiness for analytics providing insight into writing quality. The higher education sector has now
become familiar with the concept of making more effective use of student data, including several
state of the art projects funded by the OLT (Colvin et al. 2016; Siemens et al. 2013; West et al. 2016)
which this project’s investigators have led/contributed to. However, the analytics that the majority of
universities have access to on student writing is impoverished: beyond grades and plagiarism scores,
learning platforms will typically show merely that a student has uploaded an assignment, posted to a
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forum, or commented on a document. There is typically no indication regarding the quality, and
certainly no formative feedback to the student on how to improve their writing. This project will
equip the ATN to deploy more advanced analytics that should provide insights into the quality of
writing, not just the quantity.

1.4 Capacity Building

The project sought to increase institutional capacity and commitments across the ATN network in
areas such as:

1. Technical Infrastructure. A common technical platform will enable sharing, extending
knowledge and techniques, integrating and delivering of code and algorithms as well as
statistical solutions, end-user applications across the ATN.

2. Organisational Infrastructure. The power and potential of text analytics will begin to be
embedded within ATN teaching and learning contexts, administrative processes and
information systems, and a network will be created for sharing insights between ATNSs.

3. Evidence of Impact. Initial measures of the impact of ATN-wide sharing of analytics
knowledge and expertise on learning, teaching, and institutional capability will be established
via evaluation of applications in strategic areas of common concern.

1.5 Work Packages: 3 Applications of Text Analytics

Three Work Packages (WPs) were created, applying text analytics to data that informs learning
and/or teaching, in which two or more partners were interested to promote cross-ATN sharing and
learning. In consultation with the respective ATN DVC'’s, the following WPs were chosen.

ANALYSIS AUTOMATED
OF FEEDBACK STUDENT
MECHANISMS WRITING

FEEDBACK
TEXT
CURRICULUM
DESIGN &
ANALYSIS

1.5.1 WP1: Automated Formative Feedback on Writing (UTS lead)

Writing, as both a process and a product, is fundamental to learning (Britton, 1970; Emig, 1971).
Students use writing as a vehicle for learning disciplinary content by making notes from lectures and
readings, reflecting on professional placements, summarising their thoughts, processing ideas, and
formulating drafts. A key competency for students to build in their higher education, whether their
career is academic or professional, is to write in a way that makes their thinking visible, through clear
analytical and reflective texts.

However, this is a challenging skill to develop, and moreover, providing the quality feedback
necessary for this development is demanding and time-consuming for educators. Despite the
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evidence that rapid formative feedback is critical, providing timely feedback to intervene in and
improve student writing prior to submission is prohibitively expensive at any kind of scale (consider
for instance, large First Year classes). Appendix 1 provides a more detailed summary of related
research.

UTS has over the last 3 years developed a prototype technical infrastructure for providing automated
feedback to students on academic writing, grounded in the scholarship of writing education. The UTS
Academic Writing Analytics (AWA) tool! is a web application for students to receive instant formative
feedback on their writing, which calls NLP services in the UTS Text Analytics Platform (TAP: Appendix
3). Empirical evaluations show promise, but there remains much scope for improvement, which will
be aided by the ATN collaboration which will provide more diverse test cases, models and user
groups (Buckingham Shum et al, 2017; Gibson et al, 2017; Knight et al, In Press).

It was envisaged that TAP could also underpin all the WPs, with new user-facing applications being
developed for WPs 2 and 3, and AWA being further refined.

1.5.2 WP2: Student Survey Feedback (QUT lead)

Qualitative survey results based in open ended text responses require a unique set of analytical tools.
To date, this is largely a labour-intensive human process, which can of course vyield insights, but is
slow and costly to perform repeatedly at scale. Survey products are now offering (proprietary) text
analysis algorithms, but with little validation evidence or scope for universities to modify, or share
know-how.? In parallel, there is currently huge commercial interest in the use of text analysis to make
sense of online customer feedback on products, opinions about companies or political parties, and so
forth (e.g. Pang and Lee, 2008; Liu and Zhang, 2012).

In principle, such approaches should be able to yield insights in the specific context of higher
education student feedback, but the ATN needs to develop its expertise in understanding specifically
how to configure such tools to their needs.

The project will create pilot examples of the use of text analysis to create insights from open text
responses and determine the potential for using similar approaches in other survey work of the
university (e.g. surveys of staff, community, and businesses). This work package will produce insights
into analysis (e.g. sentiment, topic), at different scales (e.g. courses, programs, schools and faculties).

1.5.3 WP3: Analysing Curriculum Materials (Curtin lead)

There is increasing interest and demand among higher education providers to understand the key
concepts and pedagogical approaches adopted within a course. Work in curriculum mapping reveals
a wealth of information related to program based assessment, scaffolding, support and
communications, skills development and work integrated learning (Dawson and Hubball, 2014).
However, to access such information is difficult given the complexity of curriculum offerings and
sheer volume of curriculum materials (Sumsion & Goodfellow, 2004). This WP addresses these
concerns by applying text analysis techniques to better automate and streamline how curriculum
based information is extracted and reported.

UTS Academic Writing Analytics: https://utscic.edu.au/tools/awa

Product examples include: Explorance https://explorance.com/blue-text-analytics
Survey Analytics https://www.surveyanalytics.com/text-analysis.html

Ascribe https://goascribe.com/text-analytics/why-text-analytics
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2  Project activities

Jan-Mar 2018:  Project initiation and 2 day kick-off workshop (UTS)

Story: Kickoff Workshop, 6-7 Feb 2018

Apr-Sep 2018:  Partners engaged their respective stakeholders, installed relevant text analytics
software, and experimented. Partners shared their progress informally at face-to-
face meetings (e.g. Australian Learning Analytics Summer Institute and Ascilite), and

online via WP-specific videoconferences and the project blog
Dec 2018:
Jan-May 2019:

Project wrap-up workshop (UTS)

An extension was approved to use unspent funds to provide information resources
and software documentation

3 Deliverables

3.1 Project website
The HETA project website is published at http://heta.io

Welcome B
The Higher Education Text H ETA':O
Analytics project (HETA) has H 1 gher CATEGORIES
been funded by the Australian . « Events (3)
Technology Network E d u Cat1 on » Publications (3)
Softwa
(ATN) Grants Scheme for Text : Tilk: 2:)? o
Excellence in Learning and . + WP1 Writing Analytics (11)
Teaching (2018). An a lyt] CS + WP2 Survey Comment Analytics (3)
project « WP3 Curriculum Analytics (1)

The project aims to build the
longer term technical and

organisational capacity for ATN institutions to apply natural language processing techniques in

order to collaboratively address strategic organisational priorities.

l— L ‘7

AUSTRALIAN
TECHNOLOGY
NETWORK

Curtin
University

R TR,
UniSA

UTS
¢:§-I¢

3.2 Open source software and documentation

LATEST NEWS

.

Tuning text analytics for student
business reports

Tuning text analytics for research
students’ writing

From features to feedback: writing
analytics training @ALASI2018

UniSA pilots AcaWriter automated
writing feedback

RMIT finds two directions for the Text
Analytics Pipeline (TAP) tool

.

.

.

.

The software developed in the project has been documented, tested, and much of it already released
open source: http://heta.io/technologies

e Announcement: Open source release of writing analytics infrastructure
e Progress with the Text Analytics Pipeline (TAP)

e Jupyter Python notebooks, available as part of workshop training resources



http://heta.io/kickoff-workshop-feb-2018/
http://heta.io/
http://heta.io/technologies
http://heta.io/open-source-release-of-writing-analytics-infrastructure/
http://heta.io/progress-text-analytics-pipeline/
https://github.com/heta-io/tap-jupyter-notebooks-python
http://wa.utscic.edu.au/events/lak18-half-%20day-workshop-turning-the-tap-on-writing-analytics
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3.3 Staff development events and resources

3.3.1 Broad readership news stories

News stories were written for general audiences to help them understand how different universities
were experimenting with text analytics, e.g.:

e Tuning text analytics for student business reports

e Tuning text analytics for research students’ writing

UniSA pilots AcaWriter automated writing feedback

RMIT finds two directions for the Text Analytics Pipeline (TAP) tool
The ‘verbology’ of learning (Curtin U)

Building a bespoke language model for student feedback (UTS)

A new tool for navigating feedback from student surveys (UTS)

e Contextualizable learning analytics for writing support

3.3.2 Writing analytics orientation for staff and students

The AcaWriter web application and its underlying text analytics
platform TAP are the most mature infrastructures from the project,
already deployed in teaching practice with positive outcomes.
Educator resources are published on the HETA website,
documenting how AcaWriter have been integrated into a range of
student activities: http://heta.io/resources

The project also developed a set of more detailed introductory
videos and more comprehensive website, tested with students, e.g.
https://uts.edu.au/acawriter. These resources (including the
editable master files) can be adapted by any partner.
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Using the AcaWriter platform

miiiininy! How does AcaWriter work?

AcaWriter works by looking for the

‘ hallmarks of good academic writing.

Using the AcaWriter
platform

AcaWriter then gives you feedback
to help you improve your drafts.

T

Transcript HH
AcaWriter works with 2 types of writing genres: s SR (.

Educator Welcome to AcaWriter at UTS

ANALYTICAL WRITING REFLECTIVE WRITING %

@ Q Educator Welcome to

Analytical writing is used across Reflective writing is your Acawrite r at U TS

all disciplines at University and response to experiences,
can include anything from an opinions, events, or new
essay, to a research paper, ora information as well as your

business report response to your thoughts and
feelings.
What AcaWriter doesn’t do: ) 004/235 Transcript @ & Yoube I3

Thirdly, the project developed technical training through a series of webinars which take text
analytics and computational linguists into the details of the rhetorical parsing technology in TAP,
used by AcaWriter:

e \Writing analytics: online training in rhetorical parsing

t mean for me: Why (% |1 significant? COMIARATIVE
VE QUESTIONING, DEFINITION (of 1 en)

‘T+ANALYSLS SUBJECTISTANCE

T

STANCEVANALYS LS TEMPORALITY

. 2 11} &6 myn (02 teeg
[cantext ==+, tas tyeT=1 <01}

sahtn: Mhat dosn it mean for me? Why in Lt significant’ COMPARATIVE

CEEEEEET

The project also ran face-to-face tutorials that introduced participants to bridging the gap between
educational outcomes in writing, and low level textual features:

e TAP/AWA tutorial @LAK18 (Sydney, Mar. 2018)
e From features to feedback: writing analytics training @ALASI (Melbourne, Nov.2018)

Finally, the project documented the process of co-designing text analytics with academics, to help
reveal what takes place ‘backstage’ in order to deliver tools that educators and students trust:

e Co-designing automated feedback on reflective writing with the teacher
e How can writing analytics researchers rapidly co-design feedback with educators?



http://heta.io/online-training-in-rhetorical-parsing/
http://heta.io/tap-awa-tutorial-sydney-5-march/
http://heta.io/from-features-to-feedback-writing-analytics-training-alasi2018/
http://heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher/
http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators/
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Participatory prototyping builds trust in the NLP

Learning Analytics researchers work with

— Jupyter Affect test notebook Last Checkpoint: 11 hours ago. (autosaved) academics (3 hour workshop)

Fia €t View Insert Cel Komael Widgets ek
sl+lxlalnl++]|hreTalclfcs s Goal: calibrate the parser detecting affectin
reflective writing, working through sample texts
In [103]: checkAffect(paras|l],4.5)
i:x‘;:::’ u'.chad):uv.::swis total words in the text - 0.644361833952912 percent Rapld prototyping Wlth a Python notebook, lhen
developed > 4.8 integrated into end-user tool for further testing

wale >> 4.5
taken >> 4.5
medication
failed > 5.5
learnt >> 4.8
inproved »>
disrespectful  >>
loarning >>
insue >> 4.55
irprove >
rush >> 6.55
intriguing >>
excellent >
inpressed >
adriration >
skille >> 4.94
discovered » 5
learning > 4
disrespectful >> 4.
5
5

v
N AL a Aaa

cave  >> 4.57
positive >
motivated >

http.//heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators

3.4 Final report

Beyond these material deliverables, the remainder of this report discusses the wider outcomes from
the collaboration, reflecting on the successes and failures.

4 Results

The questions that this project set out to investigate were as follows, introduced with the
expectations we started the project with.

4.1 Did the text analytics tools provide new insights, or accelerate analysis?

This is the fundamental question across all work packages. Analytics tools may ‘simply’ make it
possible to conduct labour-intensive analyses orders of magnitude faster, but they may also yield
qualitatively different kinds of insights. To what extent can each work package report such progress
after one year?

4.2 How well has the open source text analytics platform served its purpose as a catalyst
for collaboration?

There are a number of specific criteria that can be used to evaluate its effectiveness for ATN
collaboration and adoption:

e Were the anticipated benefits of choosing a common platform realised, and from whose
perspective (students; teachers; researchers; professional staff; IT divisions)?

e Did partners extend the infrastructure and in what ways?

e Did the ready availability of text analytics services lead to unexpected uses?

4.3 How did a university’s organisational infrastructure need to adapt to make the most
of text analytics?

Does the adoption of text analytics in a given work package impact the associated administrative
processes and information systems?

10
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4.4 How does the use of a writing analytics tool assist/impede students?

The project provides limited resources to conduct in depth research into writing, but the UTS research
team will assist ATN partners in planning their writing analytics pilots. These could investigate
questions ranging from the relationship of analytics to grades as an indicator of writing quality, and
other indicators such as student attitudes to writing (self-report via interview; writing attitudes survey
instrument), and changes in the effectiveness of their writing habits (e.g. number of revisions made,
assessed by system logs and self-report). We are also interested in student attitudes to automated
feedback including any concerns (self-report via interview; survey; online feedback tools). In the
course of working with writing analytics, the UTS team has received ethics approval for working with
student texts and students themselves, and will be happy to share their experience with partners.

4.5 What are the key ‘known unknowns’ that the ATN should continue to investigate in
future projects?

It is not necessarily the case that all work packages will report successes. It may be the case that
some are deemed not worthy of continued exploration, while others are demonstrating exciting new
advances that merit additional resources to exploit. The project will identify the most promising
avenues for further work.

11
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6 Appendices

6.1 Appendix 1: Investigators and Governance

This project was submitted by all of the ATN universities in recognition of the strategic importance of
the role of natural language processing in the proposed pilot projects. Table 2 summarises the team

structure.
PI: Simon Buckingham Shum (UTS)
Technical Lead: Andrew Gibson (QUT)
Project Manager: Gabrielle Gardiner (UTS)
Curtin QuT RMIT UniSA uTsS
Co-I: David Co-l: Sam Nielson Co-I: Pablo Co-I: Shane Co-l: Simon
Gibson Andrew Gibson Munguia Dawson Knight
David MclLay Jing Gao
Other staff as Other staff as Other staff as Other staff as Other staff as
required for each | required for each | required for each | required for each | required for each
wp wp wp wp wp

Pl: Prof. Simon Buckingham Shum holds a Chair in Learning Informatics at the University of
Technology Sydney, where he is Director of the Connected Intelligence Centre. He leads the
university’s learning analytics, a topic on which he is a regular keynote speaker. He was a co-founder
and a Vice-President of the Society for Learning Analytics Research (SoLAR). He coordinated the
international network of Learning Analytics Summer Institutes (2013-16), Program Co-Chair for the
2012 & 2018 International Conferences on Learning Analytics & Knowledge (LAK). He has been a Pl
and Co-l1 on numerous projects (510.8M total), including three OLT Projects on Learning Analytics.

Co-l (Project Technical Lead): Andrew Gibson is a Research Fellow in Writing Analytics at the UTS
Connected Intelligence Centre, and from 2018 a Lecturer at QUT Information Systems School. His
research focuses on reflective writing analytics for psychosocial meaning, and he has written
software that utilise a range of natural language processing and machine learning techniques for this
purpose. With an additional interest in transdisciplinarity, he works across both educational and
computational domains. He has been developing Java applications for educational organisations for
over 20 years, and has been working with Scala, AWS and learning analytics for the past 4 years.

Co-l (UniSA lead): Prof. Shane Dawson is the Director of the Teaching Innovation Unit and Professor
of Learning Analytics at the University of South Australia. The TIU functions to lead and transform
learning and teaching practices at UniSA through collaborative capacity building processes and
researching the application of digital technologies in higher education.

Co-l (Curtin Lead): Prof. David Gibson is Director of Learning Futures at Curtin University, a team
focusing on strategic innovations that advance the mission of the university. The team shapes the
future of learning and teaching at the university through human and technological capacity building
and promotes faculty-based research as well as continuous improvement using learning analytics.
The team’s programs influence and impact students, staff and the broader community by leading and
managing early stage innovation projects that range across formal and informal learning innovations,
pathways & partnerships, the UniReady enabling program, and learning analytics. The team’s data
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scientist helps lead the university’s growth in capacity in analytics-based insights through a
community of practice, which has participation from five senior executive areas of the university.
David is currently in the final stages of establishing the UNESCO Chair for Data Science in Higher
Education Learning and Teaching.

Co-1 (UTS Lead): Simon Knight is a Lecturer in Writing Analytics at the UTS Connected Intelligence
Centre. His research focuses on the relationship of analytics to epistemology, pedagogy and
assessment, discourse analytics, and epistemic cognition, particularly around information seeking. He
is active in the Learning Analytics and Learning Sciences communities, co-chairing the ICLS14
Workshop on Learning Analytics for Learning and Becoming in Practice, LAK15 Workshop on
Temporal Analyses of Learning Data, and LAK16 Workshop on Critical Perspectives in Writing
Analytics.

Co-l (RMIT Lead): Dr. Pablo Munguia is an Associate Professor and Director of Learning
Environments and Analytics within the Education Portfolio at RMIT. The Learning Analytics unit at
RMIT is in charge of student surveys, collaborating with academics through communities of practice
and providing student-driven mechanisms through models and tools. Work from this unit is
presented at LASI and LAK conferences. Learning analytics is coupled with the Learning Environments
uni by providing insights into course design, correct pedagogical use of the LMS and digital tools
therefore closing the loop from insights to action in the learning and teaching space. Pablo also
maintains an active research profile and is editor in chief of the Journal for Experimental Marine
Biology and Ecology, one of the world’s top 3 marine biology journals.
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6.2 Appendix 2: Text Analytics Pipeline

FUNCTIONALITY: The project will utilise as a starting point, existing technical infrastructure developed at
UTS called the Text Analytics Pipeline (TAP). TAP is a web application, written in Scala using the Play
framework and GraphQL. It provides text analytics services to multiple clients via a GraphQL API [see
diagram module 1], and facilitates the connection to multiple external text analytics services [module 5].
It provides text cleaning, de-identification, indexing, metadata management, and the ability to work
with multiple corpora as well as single documents [modules 2, 6, 7]. It can analyse documents in near
real time or be used to batch process documents [module 4]. TAP can utilise external storage such as S3
for file storage or PostgreSQL for database storage.
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SUSTAINABILITY: With the exception of 3rd party analytics services, all software used by the project is
Open Source and is currently available for download via GitHub. The current TAP software runs on the
JVM and can be provided as a docker image, providing a wide range of deployment options (most
enterprise platforms). The modular architecture of the software allows for key services to be run as
microservices allowing easy interfacing with other technologies and other software written in other
languages.

SCALABILITY: A reactive functional design approach allows for vertical scalability, and deployment on
Amazon Web Services (AWS), allows for scalability of compute capacity. A streaming architecture allows
for horizontal scaling and running of TAP on a cluster, and for direct communication with highly scalable
big data analytics platforms such as Apache Spark.

EXPERTISE: The technical lead is Andrew Gibson (see bio section). His expertise will be supported by
developers at each site. University specific support will be provided through key IT personnel at each
site.

OPEN SOURCE: All development technologies are or will be open source and freely available. TAP is
licensed under Apache 2.0.
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