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challenge
technology changes grows
exponentially... harder
with time
...but
organizations change
logarithmically
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management
must choose carefully
which changes are adopted
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Perkin, Neil,Abraham, Peter, 1960,Building the agile business through digital transformation.



Employers’ criteria for selecting graduates

Area of degree
specialisation

Asia Pacific
Cover letter _
Experience s A
Hooe WgNaLdananes ks Z =
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Extracurricular N
activities
Grades
Professional
experience
L a v A
Specific skills NN ENIU
University where
they graduated
I - | | I I 1
0 10 20 30 40 50 60
Percentage of respondents citing this criterion
— (some employers selected more than one)
usunlan

Source: Global Employability University Survey 2015



21st-Century Skills

Foundational Literacies Competencies Character Qualities
How students apply core skills How students approach How students approach
to everyday tasks complex challenges their changing environment

1. Literacy 7. g,gft';i‘g'"}[‘;gﬁ?,% 11. Curiosity

2. Numeracy 8. Creativity 12. Initiative

> ﬁ%’%’?:tf < ‘ 9. Communication 13. Pe{sistence/

gri
4. ICT literac : :
y @ 10. Collaboration 0! 14. Adaptability
5. Financial
literacy \ 15. Leadership
able to do

6. Cultural and ~ what
civic literacy N

16. Social and cultural
awareness

know what

N Lifelong Learning



10 CRITICAL SKILLS
YOU’LL NEED TO SUCCEED

AT WORK IN 2020

I COMPUTATIONAL I
Cons I THINKING
COMPETENCY

COGNITIVE

LOAD B COLLABORATION
MANAGEMENT

q Failed State:

The Unseen

RN of | Struggleof
[N Pakistan's Chaos

Auusnc Adults

Summer Arts Preview:
From Harry Potter

“8l To Thomas Pynchon




Attributes of Future Workforce

Abilities

Cognitive Abilities

» Cognitive Flexibility

» Creativity

» Logical Reasoning

» Problem Sensitivity

» Mathematical Reasoning
» Visualization

Physical Abilities

» Physical Strength

» Manual Dexterity and
Precision

Basic Skills

Content Skills

» Active Learning

» Oral Expression

» Reading
Comprehension

» Written Expression

» ICT Literacy

Process Skills

» Active Listening

» Critical Thinking

» Monitoring Self and
Others

Social Skills
» Coordinating with
Others

» Emotional Intelligenc

» Negotiation
» Persuasion

» Service Orientation
» Training and Teachin

Others

Systems Skills

» Judgement and
Decision-making

» Systems Analysis

Complex Problem
Solving Skills
» Complex Problem

\ % olving

Cross-functional Skills

Resource Management

Skills

» Management of
Financial Resources

» Management of
Material Resourc

» People Manage

» Time Managem

Technical Skills

» Equipment Maintenance
and Repair

» Equipment Operation
and Control

» Programming

» Quality Control

» Technology and User
Experience Design

» Troubleshooting

Source: World Economic Forum, based on O*NET Content Model.

US Department of Labor
Occupational Information Network (O*NET)



Share of skills family in industry total, %

Skills family
Content Skills

Process Skills

Resource Management
Skills

Complex Problem Solving
Skills

Social Skills

Systems Skills

Technical Skills

BAS

4

23

40

15

(e0)) EN FS
4 3 5
4 7 6

26 31 27
5 7 6
55 33 47
4 6 7
2 13 2

HE

11

11

18

47

ICT MEI
3 14
3 9
25 8
4 3
30 50
6 1
29 15

MOB

27

47

12

PS OVERALL

8

11

18

48

6

23

44

11

Source: LinkedIn.
44 %

Social Skills

» Coordinating with
Others

» Emotional Intelligence

» Negotiation

» Persuasion

» Service Orientation

» Training and Teaching
Others

23 %

Resource Management

Skills

» Management of
Financial Resources

» Management of
Material Resources

» People Management

» Time Management

Two most importance attributes



MCKINSEY GLOBAL INSTITUTE

JOBS LOST, JOBS GAINED:
WORKFORCE TRANSITIONS
IN A TIME OF AUTOMATION

DECEMBER 2017

Impact of automation varies by a country’s income level, demographics, and industry structure

Size = FTEs potentially Color = Averageage @ <25 ® 30-35
displaced, 2030 25 (projected), 2030
(million) ® 25-30 ® 35440

Percentage of current work activities displaced by automation, 2016-30,
midpoint adoption scenario
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Log of GDP per capita, 2030

SOURCE: World Bank; Oxford Economics; McKinsey Global Institute analysis
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Dishwasher

Public
Relations

Probability of
Computerisation

-

0 100

Social Intelligence

Being aware of others’ reactions and
understanding why they react as they do.
Bringing others together and trying to
reconcile differences.

Persuading others to change their minds or
behavior.

Providing personal assistance, medical
attention, emo- tional support, or other
personal care to others such as coworkers,
customers, or patients.

Probability of
Computerisation

Human or Robot?

The Future of Employment

Carl Benedikt Frey & Michael Osborne

1

-

Court Clerk

Fashion
Designer

Biologist
0 100
Creativity

The ability to come up with
unusual or clever ideas
about a given topic or
situation, or to develop
creative ways to solve a
problem.

- g 1 Telemarketer
Y
= Boilermaker
23
R
S g
—
- 3 0 Surgeo
0 100

Perception and manipulation

The ability to make precisely
coordinated movements of the
fingers of one or both hands to
grasp, manipulate, or assemble
very small objects.

The ability to quickly move your
hand, your hand together with your
arm, or your two hands to grasp,
manipulate, or assemble objects.
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determine whether the
program
is needed by students
and society, rather than

whether there are academics

eager to teach in it.

In consistent with the
State Plan

Two kinds of needs

may be identified:

e Societal needs

 (Occupational
needas

Market Demand Data.



Value Proposition
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) Strategy and Action

Core Competency

Resource 1

Resowrce 2

Resource 3
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Curriculum
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Societal needs

Occupational needs

Other needs
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~ Curriculum
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Student Outcomes — Student
outcomes describe what students
are expected to know and be able to
do by the time of graduation.

Learning outcomes are statements of
what a student is expected to know,
understand and/or be able to
demonstrate after completion of a
process of learning

KNOWLEDGE &

UNDERSTANDING

ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT
INSPIRATION
CREATIVITY

BEHAVIOUR &
PROGRESSION



Competencies are what a person brings to a job conceptualized as qualities by which people demonstrate superior job performance

09NUUU 2ams «Usvilyavangas
COMPETENCY = KNOWLEDGE + SKILLS + DISPOSITIONS

Skills refer to capabilities and strategies that develop over time,

S KI L L S K}:}:Vierllg):ztfn%rizﬁce and through interactions with others and
e Capabilities and strategies for
higher-order thinking

Interactions with others and
world around

KNOWLEDGE
e Mastery of content knowledge
e Transfer of learning

Knowledge designates a proficiency in core
concepts and content of IT and application of
learning to new situations.

Dipostors compus s ennomal il vhezlsled
B DISPOSITIONS oo st ve sty oo i
: e Personal qualities (socio-emotional
skills, behaviors, attitudes) associated
with success in college and career
inauazngls

Learning outcomes are written statements of what a learner is expected to know and be able to demonstrate at the end of a
learning unit (or cohesive set of units, course module, entire course, or full program).
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Benjamin S. Bloom

Remember Understand -
Compare
- Explain . Complete o - Justify = Plan
e—— \—
— Name -~ Compare — Use - Examine Assess — Invent
|
N—— S — —_— | —
Jr—— { o —
— Find - Discuss - Examine Explain -~ Prioritize -+ Compose
E—_) Frm— —
— List - Predict -~ lllustrate - Identify —{ Recommend .~ Design
|
 — e———  ——
g —3 e —————————— —
—  Relate 4 Outline }4; Classify | Categorize -+ Rate .~ Construct
N— N — N — Ne—
-~ Write < Restate Solve — Investigate | Decide -~ Imagine
Choose
— S —) e—— Ne—
\ \
iﬁ]gliﬁ']ﬁ Cedefop (2017). Defining, writing and applying ; ﬁ']az‘lilﬁ

AN learning outcomes: a European handbook.
o Luxembourg: Publications Office.
http://dx.doi.org/10.2801/566770

£



Benjamin S. Bloom

Sozlsing azlsle

Creating

Evaluating Articulation

Analysing Precision
isi

Applying

Understanding Manipulation

Imitation

Remembering

Revised cognitive

: : Psychomotor domain
dimension

Cedefop (2017). Defining, writing and applying
learning outcomes: a European handbook.
Luxembourg: Publications Office.
http://dx.doi.org/10.2801/566770

Naturalisation
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\
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Internalises
values

Organisation

Valuing

Responds to
phenomena

Receiving
phenomena

Affective domain
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Tools & Communicate
Technologies & Collaborate

KNOWLEDGE &
UNDERSTANDING
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ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR & J
INSPIRATION PROGRESSION
CREATIVITY
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ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR & |
INSPIRATION PROGRESSION
CREATIVITY

A. Knowledge and understanding

On completion of this programme the successful student
will have knowledge and understanding of:

1. A range of underlying theories relevant to computer
science.

2. The process of systems development.

3. The interaction between technology and society, and
the role of computer professionals within this.

4. A range of specialised topics within Computer
Science.

Teaching/Learning Methods
Students gain knowledge and
understanding through:

e |ectures and tutorials.

e Guided research.

e Supervised lab work.

e Case studies.
Assessment Methods
Students’ knowledge and
understanding is assessed by:
Practical demonstrations.
Reports and essays.
Presentations.

Individual and group work.
On-line quizzes.

Unseen examinations.




ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR &
INSPIRATION PROGRESSION
CREATIVITY

C. Practical skills
On completion of the programme the successful student
will be able to:

1. Apply sound principles to the construction and
maintenance of computer-related artefacts.
2. Verify and validate computer-based systems.
3. Apply appropriate theories to the design and
evaluation of systems.
4. Adapt and apply their knowledge and skills to
mastering new technical areas.

Teaching/Learning Methods
Students gain knowledge and
understanding through:

e Lectures and tutorials.

e Guided research.

e Supervised lab work.

e Case studies.

Assessment Methods
Students’ knowledge and
understanding is assessed by:

Practical demonstrations.
Reports and essays.
Presentations.

Individual and group work.
On-line quizzes.

Unseen examinations.




ATTITUDES
& VALUES

GENERIC
LEARNING

OUTCOMES

ENJOYMENT BEHAVIOUR & |
INSPIRATION PROGRESSION
CREATIVITY /

B. Cognitive (thinking) skills Teaching/Learning Methods
Students gain knowledge and
On completion of this programme the successful student | understanding through:

will be able to: e Lectures and tutorials.
e Guided research.
1. Apply analytical skills to the solution of computer- e Supervised lab work.
based problems. e Case studies.
2. Critically evaluate computer-based solutions using a Assessment Methods
range of techniques. Students’ knowledge and

3. Construct abstract representations through the use of | ynderstanding is assessed by:
appropriate analysis and modelling techniques.
4. Apply design principles to practical problems.

Practical demonstrations.
Reports and essays.
Presentations.

Individual and group work.
On-line quizzes.

Unseen examinations.




ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR &
INSPIRATION PROGRESSION
CREATIVITY

D. Graduate Skills Teaching/Learning Methods
On completion of this programme the successful student | Students gain knowledge and
will be able to: understanding through:
Lectures and tutorials.
Guided research.

Supervised lab work.
2. Communicate effectively in a variety of modes, Specialist Workshops.

including mathematics where appropriate. Case studies.
3. Learn independently in a variety of situations, making | Assessment Methods

use of available resources. Students’ knowledge and
understanding is assessed by:
Practical demonstrations.
Reports and essays.
Presentations.

Individual and group work.
On-line quizzes.

Unseen examinations.

1. Work effectively as a member of a software
development team.
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Student Outcomes — Student
outcomes describe what students
are expected to know and be able to
do by the time of graduation.

Learning outcomes are statements of
what a student is expected to know,
understand and/or be able to
demonstrate after completion of a
process of learning

ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR &
INSPIRATION PROGRESSION
CREATIVITY

\_

az”liﬁ@?}qﬁmii’ Body of Knowledge

Content

/ Knowledge Area
Knowledge Unit
Knowledge Unit
Knowledge Unit
Knowledge Area
Knowledge Unit o~ y
NITLIYUY
Knowledge Unit RN \ﬂﬁ
Process

g




CS2013
Knowledge Area Tierl Tier2
AL-Algorithms and Complexity 19 9
| AR-Architecture and Organization 0 16
CN-Computationai Science 10
DS-Discrete Structures 37 4
| GV-Graphics and Visual Computing 2 1
HC—Human-Compﬁter Interaction 4 4
IAS-Security and Information Assurance 2 6
IM-Information Management B 1 9 |
IS-Intelligent Systems 0 10
NC-Networking aﬁd Communication | 3 7 |
OS-Operating Systems 4 11
| PBD-Platform-baSed Development 0 0
| PD-Parallel and Distributed Computing 5 10
| PL-Programming Languages | | | 8 | 20 |

| SDF-Software Development Fundamentals I 42 0

| SE-Software Engineering | 6 21
| SF-Systems Fundé.mentals | ‘1‘8 9 |
SP-Social and Professional Issues 15
Total Core Hours 163 142

Body of Knowledge

Knowledge Area

AL. Algorithms and Complexity (19 Core-Tier1 hours, 9 Core-Tier2 hours)

Analysis

Core-Tier1 Core-Tier2 Includes
hours hours Electives
AL/Basic Analysis 2 2 N
AL/Algorithmic Strategies 5 1 N
AL/Fundamental Data Structures and 9 3 N
Algorithms
AL/Basic Automata, Computability and 3 3 N
Complexity
AL/Advanced Computational Complexity Y
AL/Advanced Automata Theory and Y o
Computability Knowledge Unit
AL/Advanced Data Structures, Algorithms, and Y

4 Y
21199AN N3 Body I guunsAreataz viviae

UDIANN3 Unit




ATTITUDES
& VALUES

GENERIC
LEARNING
OUTCOMES

ENJOYMENT BEHAVIOUR &
INSPIRATION PROGRESSION
CREATIVITY

Knowledge Area

Knowledge Unit

learning Outcome

Knowledge Unit

learning Outcome

Knowledge Unit

learning Outcome

ITS-CCO Cloud Computing

ITS-CCO-01 Perspectives and impact
a.  Recognize what it means when IT is defined as “in the cloud.”
b.  Decide when cloud computing first became a service delivery model.
c.  Contrast the different categories of cloud computing services (e.g., SaaS, laaS, PaaS, Business Process-BPaaS).
d.  Discuss the reasons why cloud computing is an essential part of information technology.

ITS-CCO-02 Concepts and fundamentals

Demonstrate the conceptual terms of cloud computing.

Categorize the different service types within cloud service delivery.

Compare the responsibilities of service providers vs. cloud service consumers/customers.

Be aware of several privacy legislation examples as they relate to cloud computing.

Contrast private-sector and public-sector requirements.

Analyze the organizational drivers for using cloud services including risk/benefit assessment (e.g., cloud first).

I S S

ITS-CCO-03  Security and data considerations

Consider how contract negotiation relates to cloud computing (e.g., the right to audit).

Demonstrate why organizational accountability for data and system security still exists in a cloud service, delivery model.
Imagine several scenarios in which a breach of security may occur.

oo

data classification).
e.  Use security tools and design techniques to ensure security is built into cloud services.

ITS-CCO-04 Using cloud computing applications

Compare the differences between an internal application and a cloud application.
Contrast the advantages and disadvantages of cloud applications.

Match descriptions of cloud service types with cloud service names.

Propose several samples of risk/benefit assessments when selecting applications.
Decide which application characteristics will not, or should not, run in the cloud.

cpo o

ITS-CCO-05  Architecture
g Be aware of architecture principles of cloud computing service delivery.
Contrast cloud architectures to outsourcing (i.e., hosted) and shared services models.
Critique common change control guidelines and standards as they relate to cloud services.
Propose several ways of measuring cloud service performance and the importance of service level agreements.
Recognize the challenges of ‘big data’ analytics in the cloud.
Contrast single cloud vs. multiple cloud deployment models.

he o op

ITS-CCO-06 Development in the cloud

Compare developing systems in cloud environments compared to those in traditional environments.
Document on-demand, self-service design requirements.

Contrast the use of synchronous vs. asynchronous transactions.

Analyze criteria for choosing coupled or de-coupled system integration.

Build and deploy several basic cloud applications.

Design an interface for a cloud application to be used on a smartphone.

moe RO

ITS-CCO-07  Cloud infrastructure and data

Compare the infrastructure differences between public cloud computing, private cloud computing, and hybrid models.
Argue for how virtualization is a driving principle behind cloud computing.

Illustrate how rapid elasticity is a characteristic of cloud computing infrastructure.

Contrast the desirable and undesirable characteristics of cloud data management.

Reflect on how emerging technologies could change the design of cloud services (e.g., [oT).

cpo o

Recommend what safe guards and security models should be in place to reduce organizational risk (e.g., consent/notice requirements,



Bachelor of Science in Computer Science Curriculum Map

SO1 | SO2 | SO3 | SO4 | SO5 | SO6 | SO7 | SO8 | SO9 | SO10 | SO11
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In the field of education there are three main types of accountability system:

(a) compliance with regulations,
(b) adherence to professional norms, and
(c) results driven.

NAB.2 NAB.3 NAB.7
° 4
09NIUY VAN 17 .. sulzanangas

Quality Assurance

Performance Improvement

Curriculum development encompasses
how a curriculum is planned,
implemented, and evaluated.
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Rubric for Assessing the Quality of Program-level Student Learning Outcomes & Assessment Plans
[Adapted from the August 10, 2007 draft “Rubric for Assessing the Quality of Academic Program Learning Outcomes" by WASC]

CRITERION 1-INITIAL 2-EMERGING 3-DEVELOPED 4-HIGHLY DEVELOPED

COMPREHENSIVE | The list of outcomes is The list includes reasonable The list is a well-organized set of | The list is reasonable, appropriate, and

LIST OF STUDENT | problematic: e.g., very outcomes but does not specify reasonably outcomes that focus on | comprehensive, with clear distinctions

LEARNING incomplete, overly detailed, expectations for the program as | the key knowledge, skills, and between undergraduate and graduate

OUTCOMES inappropriate, disorganized. It a whole. Relevant institution- values students learn in the expectations, if applicable. Relevant
may include only discipline- wide learning outcomes and/or | program. It includes relevant institution-wide learning outcomes are
specific learning, ignoring national disciplinary standards institution-wide outcomes (e.g., included. National disciplinary standards
relevant institution-wide may be ignored. Distinctions communication or critical thinking | have been considered. Faculty have agreed
learning. The list may confuse between expectations for skills). Outcomes are appropriate on explicit criteria for assessing (e.g.,
learning processes (e.g., doing undergraduate and graduate for the level (undergraduate vs. rubric, exam answers) students' level of
an internship) with learning programs may be unclear. graduate); national disciplinary mastery for each outcome.
outcomes (e.g., application of standards have been considered.
theory to real-world problems).

ASSESSABLE Outcome statements do not Most of the outcomes indicate Each outcome describes how Outcomes describe how students can

OUTCOMES identify what students can do to | how students can demonstrate students can demonstrate learning. | demonstrate their learning. Faculty have
demonstrate learning. Statements | their learning E.g., "Graduates can write reports | agreed on explicit criteria statements, such
such as "Students understand in APA style" or "Graduates can as rubrics, and have identified examples of
scientific method" do not specify make original contributions to student performance at varying levels for
how understanding can be biological knowledge." each outcome.
demonstrated and assessed.

ALIGNMENT There is no clear relationship Students appear to be given The curriculum is designed to Pedagogy, grading, the curriculum,
between the outcomes and the reasonable opportunities to provide opportunities for students | relevant student support services, and co-
curriculum that students develop the expected to learn and to develop increasing | curriculum are explicitly and intentionally
experience. knowledge/skills/attitudes of sophistication with respect to each | aligned with each outcome. Curriculum

the outcomes in the required outcome. This design may be map indicates increasing levels of
curriculum. summarized in a curriculum map proficiency.

ASSESSMENT There is no formal plan for The program relies on short- The program has a reasonable, The program has a fully-articulated,

PLANNING assessing each outcome. term planning, such as selecting | multi-year assessment plan that sustainable, multi-year assessment plan

which outcome(s) to assess in identifies when each outcome will | that describes when and how each outcome
the current year. be assessed. The plan may will be assessed and how improvements
explicitly include analysis and based on findings will be implemented.
implementation of improvements. | The plan is routinely examined and
revised, as needed.
THE STUDENT Students knows little to nothing | Students have some knowledge | Students have a good grasp of Students are well acquainted with program
EXPERIENCE about the overall outcomes of of program outcomes. program outcomes. They may use | outcomes and may participate in creation

the program. Communication of
outcomes to students, e.g., in
syllabi or catalog, is spotty or
nonexistent.

Communication is occasional
and informal, left to individual
faculty or advisors.

them to guide their own learning.
Outcomes are included in most
syllabi and are readily available in
the catalog, on the program web
page, and elsewhere.

and use of rubrics. They are skilled at self-
assessing in relation to the outcomes and
levels of performance. Program policy
calls for inclusion of outcomes in all
course syllabi, and they are readily
available in other program documents.
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ISO 8402-1986 (9000 para 3.1.5) standard defines
quality as "the totality of features and
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its ability to satisfy stated or implied needs."

d' a o v K
3.3 NannanuUNANEI




5.3 msisziiugiSeu

4.3 wananue19138

main street

4.1 MIVSMIsUaz

Jd
o mgUszasnmuProgram
54 Nam‘smmm'mwanQmm’mn‘sa‘u a

NIATFIUAMINTEALYANAN LV

Viaie1m13d o
Specification 479.2 tlazNNDd.1

3.1 M35u
=

UnANEN
5.2 MINISTULYaOHU Hay
NIZTUVIUMIIAMSISBUMTAOU

5.1 M153V095183%

1.1 1naaiiNAsFIUANANY taznsou
MNATFIHYM A

slli’)ﬂ"l‘ﬁi!ﬂﬂﬂTJ‘lﬂ‘lfW ﬁii‘)

'Niﬂi"ﬂ!ﬂﬂ?‘llﬂﬂ

UNDER
CONSTRUCTION

e

6.1 AEUVAYUMS
= F 4
Bau3

Y A (a
ammnaaennasuuilas




- The
—T Why

® .




Student LEARNING

IS8 QM gin

Student ENGAGEMENT

Student Satisfaction

WORK (Teaching and Support) PROC
EFFECTIVENESS The

Why

44
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WORKFORCE CAPABILITY and CAPACITY

WORKFORCE Climate

‘ WORKFORCE ENGAGEMENT ‘

WORKFORCE Development
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Why
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WORKFORCE CAPABILITY and CAPACITY

WORKFORCE Climate

‘ WORKFORCE ENGAGEMENT ‘

WORKFORCE Development

Student LEARNING

achievement of organizational strategy and ACTION PLANS

Leadership communication and engagement ’

GOVERNANCE accountability

Student ENGAGEMENT

Law, Regulation, and Accreditation

Student Satisfaction
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WORK (Teaching and Support) PROC .
Ethics

EFFECTIVENESS

societal responsibilities and
support of communities
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systematic processes... | ‘
(Criteria categories 1-6) Core Valyes and Conce?™®

yielding
performance results
(Criteria category 7).
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