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Abstract- Of all the technologies witnessed in the human civilizations, the (a) information/computing, (b) communications, 
and (c) mobile technologies – henceforth referred to as ICMT or ICM technologies, in this paper – have had the most impacts 
and the highest penetrations among people in the shortest times. We have also been witnessing the emergence of 
information–based economies, wherein all of the major domains (verticals) such as engineering, sciences, manufacturing, 
health care, commerce, finance and banking, power, transportation, retail, etc., are increasingly driven by ICMT. In this paper, 
we highlight the importance of making curricular enhancements to incorporate ICMT. The curricular enhancements should 
start early in the high school curriculum and continue through early college, until specializations such as social sciences, 
physical sciences, engineering, medicine, management, etc., are selected. This would enable the students to be conversant 
with these technologies, which they can apply effectively to solve problems in their chosen domain of specialization. These 
result in the effective for harnessing of the ICM technologies for the betterment of society. 
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I. INTRODUCTION 
 
In recent times, we have witnessed enormous 
technological advances and growths in the (a) 
information/ computing, (b) communications, and (c) 
mobile technologies (ICM technologies), and their 
tremendous impacts on various facets of our lives. 
They have reached significant levels of maturity and 
are increasingly being used as the enablers (drivers) of 
almost all verticals such as manufacturing, 
transportation, retail, energy, banking and finance, 
healthcare, etc. This is shown in Figure 1.  
 
Also, emerging areas such as advanced 
manufacturing, biotechnology, nanotechnology, cloud 
computing, big data analytics, renewable energy, etc., 
will be increasingly dependent on ICMT as the 
enablers. 
 

 
Figure 1. Several major segments driven by ICM technologies 

 
In addition to the advances in each of the information 

/ computing, communications (voice and data), and 
mobile technologies, there has also been a 
convergence of sorts of these technologies, resulting in 
interesting and useful outcomes, which would not 
have been possible with just one of the technologies 
alone. The outcomes have been several fundamental 
changes in numerous aspects of how businesses are 
conducted and lifestyles are managed. 
 
In this increasingly competitive, ICMT-driven and 
globalized economy, it is extremely important to 
design and incorporate the right curriculum into the 
early high school and early college education in order 
to enable the students to be conversant with these 
technologies, which they can later apply effectively to 
solve problems in their chosen domains of 
specializations. Mere fluency with technology and use 
of computers are not adequate skills in the future. 
These are necessary, but they need to be augmented 
with skills for effectively solving information–rich, 
information–driven, real–world problems.  
 
This requires skills to handle complexity and massive 
amounts of data/information, derive knowledge and 
insights from vast amounts of data and use them to 
make decisions. These result in the efficient and 
effective harnessing of these technologies in the 
development of solutions to real–world problems, in 
turn leading to the betterment of society. 
 
II. MOTIVATION AND NEED 
 
In this section, we present the results of a few studies, 
and our analysis leading to the justification and need 
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for the incorporation of ICMT competencies early in 
the high school and college curricula. 
A study from Massachusetts Institute of Technology 
noted that, beginning in the 1970s, the proportion of 
routine cognitive and manual tasks in the U.S. 
economy declined and the proportion of non-routine 
analytic and interactive tasks increased. In the current 
times and in the future, increasing uses of ICM 
technologies across businesses and industries, the 
areas of routine, repetitive, predictable, and mundane 
tasks will be increasingly automated, reducing the 
workforce in those areas. This will create a demand for 
workers who perform non–routine, non–repetitive 
tasks such as design, analytics, and problem solving. 
The future workers should adequate skill sets in the 
ICMT areas to effectively carryout the numerous tasks 
in the various domains (verticals). 
 
According to “the coming of age of the “Information/ 
Knowledge Age” (in the United States) occurred in 
1991, when the total money of $107 billion spent on 
“Industrial Age” goods: things like engines and 
machines for agriculture, mining, construction, 
manufacturing, transportation, energy production, 
and so on – was exceeded for the first time in history 
by the amount of $112 billion spent on information 
and communications technologies: computers, servers, 
printers, software, phones, networking devices and 
systems, and the like. Since then, countries around the 
globe have increasingly been spending more on 
making, manipulating, managing, and moving bits 
and bytes of information than on handling the 
material world’s atoms and molecules”. Thus, with 
the dawn of the information/knowledge age, it is 
important for students to get the right skill sets to 
enable them to be effective and productive future 
workers of this age. 
In two of the requirements in a changing employment 
landscape which are listed are, increasing economic 
importance of digital commerce and digital content, 
and IT in the workplace. These require familiarity 
with technologies combined with analytical and 
problem-solving skills. 
 
ICMT together with globalization has been resulting 
in shifts in occupations and has generated studies in 
“21st century skills” which the students need to 
succeed in work. Among other things such as global 
awareness, financial, economic, business and 
entrepreneurial literacy, skills such as critical 
thinking and problem solving skills, communications 
skills, creativity and innovation skills, collaboration 
skills, contextual learning skills and information and 
media literacy skills, information and 
communications technology literacy are considered 
important. The study, confirms the positive 
connection between the development of the 
competencies known as 21st century skills – critical 

thinking, real world problem solving, collaboration 
and communication skills – and future job success.  
In, it is reported that by 2006, nearly half of all U.S. 
workers will be employed in industries that produce or 
intensively use information technology, products, and 
services, according to U.S. Department of Commerce 
projections. 
 
A few samples of the changes brought about by 
technological advances can be seen in the report. The 
services sector employed 45.1% of the world’s 
workers in 2013 and the share of services workers rose 
by 10.1% over two decades. The agricultural 
employment accounted for around one quarter, and 
saw a decline of 11.7% over the previous two decades. 
Industrial employment accounted for around 23% of 
all global employment, with an increase of only 1.6 
percentage points over the past two decades. In 2013, 
employment in industry grew by 9.7 million, 
compared with an average of more than 21 million 
new industrial jobs annually between 2010 and 2012.  
In 2012, computer and mathematical occupations 
employed 3,816,000 workers, while there were 
2,846,000 workers employed in architecture and 
engineering occupations and 1,316,000 in life, 
physical, and social science occupations. Together 
they accounted for 25.4% of the professional labor 
force and 5.6% of the total workforce. 
 
Also consider the following recent example. Since the 
introduction of Apple’s App store and Google’s 
Android Market (now Google Play) around the middle 
and late part of 2008, the number of applications 
(commonly called Apps) for each of the iOS and 
Android platforms have surpassed one Million and the 
total number of downloads has exceeded 102 Billion, 
and they continue to grow. Needless to say, that these 
Apps have had phenomenal impacts on our lives in a 
short time. There have created a new wave of demand 
for people with skills to design and develop the Apps. 
The reports analyze and note that the biggest 
challenges facing STEM (Science, Technology, 
Engineering, Math) provision seem to be in how 
individuals progress into the labor market. STEM 
competencies are directly related to ICM technologies.  
According to a recent report from the Government 
Accountability Office, the U.S. government spends 
more than US $3 billion each year on 209 
STEM-related initiatives overseen by 13 federal 
agencies. That’s an average of about $100 for every 
U.S. student beyond primary school. In addition, 
major corporations are collectively spending millions 
to support STEM educational programs. Also, every 
U.S. state has its own STEM initiatives. 
 
Despite these, there have been two alarming trends – 
not many students enrolling in STEM related studies, 
and that the universities are not delivering STEM 
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graduates with the qualities demanded by employers. 
This requires actions to draw more students into 
STEM disciplines, and to strengthen the quality of 
STEM degrees and to boost industry and 
entrepreneurialism skills for graduates. In summary, 
STEP and ICMT competencies provide skills in 
solving complex, multidisciplinary problems, critical 
thinking and problem solving, application and 
innovative use of knowledge. These, in addition to 
collaboration and communication, facilitate the 
sustenance and growth of technologies, their effective 
utilizations and applications to solve the real–world 
problems, and the enhancement of quality of life.  
 
III. RELATED WORK 
 
In this section we provide summaries of two reports – 
one in which a model which facilitates how 
information can be used effectively by organizations is 
described, and the other which the drivers which are 
likely to reshape the workplace of the future is 
presented. These are relevant to how ICMT can be 
incorporated into curricula. 
 
In, a model developed by SAS called the Information 
Evolution Model to help organizations think about 
how they use information is presented. The model has 
five levels, each more developmentally mature than 
the last. Level one is referred to as Operate: Here, 
individuals who have specialized skills are the keepers 
and processors of information. Level two is 
Consolidate: Departments or teams begin 
consolidating and sharing information to mine the 
past and report on the present. Level three is Integrate: 
This represents a bold step forward where an 
organization begins pulling information together 
across the entire organization. Level four is Optimize: 
The organization finally begins using predictive 
analytics and higher-level skills to discover the best 
ways to operate. The final level is Innovate, and it is 
toward this stage of the model that we strive. The 
innovation level combines the science of analytics 
with the art of creativity – where the fuel of 
information meets the creative spark, which provokes 
transformation. 
 
The report identifies six ‘drivers of change’ which are 
likely to reshape the future workplace. These are, (a) 
longevity (increase in lifespans); (b) rise of smart 
machines and systems; (c) computational world; (d) 
new media ecology; (e) superstructure organizations; 
(f) globally connected world. It then goes on to identify 
ten skills for the future workforce. These are, (a) 
sense–making: skills to help create insights which are 
used in decision making; (b) social intelligence: the 
ability to connect to others in a meaningful way, sense 
reactions, and have desired interactions; (c) novel and 
adaptive thinking: proficiency at thinking and 

developing solutions beyond the ordinary; (d) 
cross–cultural competency: ability to operate in 
diverse cultural settings; (e) computational thinking: 
abilities for abstraction, generalization, and 
systematic development of solutions to complex 
problems; (f) new–media literacy: be fluent in 
navigating, comprehending, and extracting meaning 
out of various ‘new’ media; (g) transdisciplinary: 
ability to understand terminologies and concepts 
across disciplines; (h) design mindset: ability to 
develop tasks and work processes for desired 
outcomes; (i) cognitive load management: ability to 
effectively filter vast amounts of data and distill the 
essence; (j) virtual collaborations: ability to work 
collaboratively and productively with members spread 
out geographically.  
 
IV. PROPOSED METHODOLOGY 
 
We propose the following broad skill sets as the 
learning outcomes to be incorporated into the 
curriculum of ICMT.  
 
A. Understanding of basic principles and techniques of 
ICMT 
B. Making a strong connection between the principles 
and applications 
C. Analytical and problem–solving capabilities 
D. Identifying the medium and large–scale real–world 
problems and formulating them into clear, 
well–defined  problem statements 
E. Problem analysis and layout of set of constraints 
F. Solution development using appropriate 
combinations of technologies and solution techniques, 
taking into account the constraints 
G. Evaluation of solutions 
H. Interdisciplinary approaches 
The main elements that are required in the 
implementation of the ICMT curriculum are shown in 
Figure 2. We now describe those elements. 
1. Curriculum design. This is extremely important 
since this directly affects the several other elements. It 
should have relevance. The ICMT components must 
make appropriate connections with other related 
components in other curricula. 
2. Frequent updates. Since the ICM technologies 
change rapidly, frequent updates to curricula are 
needed to avoid being obsolescent. 
3. Teacher training. Teachers are key links in 
conveying the content and keep the students motivated 
while maintaining rigor. A well–designed teacher 
training will build competencies in the teachers which 
is essential in the knowledge transfer process. 
4. Labs and infrastructure. For the ICMT, appropriate 
labs and hand-on material is extremely important. 
This will provide the students with competence and 
confidence. Incorporated into the curriculum, 
well–designed labs will also make the students 
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‘industry–ready’. 
5. Maintenance of relevance. This is related to 
frequent updates of the curriculum, and they go 
hand–in–hand. The subtle difference is that the 
updates incorporate technological changes, and the 
maintenance of relevance looks at the real–world 
connections. 
6. Novel teaching.  New pedagogies will be required to 
teach the ICMT and their applications. These are fast 
changing with several new concepts and paradigms to 
grasp. 
 

 
Figure 2. The various components needed to implement an 

effective ICMT curriculum 
 
As with many technologies, ICMT also will have a 
variety of layers in the workforce with different types 
of skills and competencies. We present a four–layer 
model, as shown in  Figure 3. 
 

 
Figure 3. The broad layers (dimensions) in the skills pertaining 

to ICMT 
 
There are four broad dimensions in the skills 
pertaining to technologies organized as a pyramid. 
Innovation, at the top of the pyramid, requires high 
intellectual potential and develops cutting-edge 
technologies. Below it is the development, which is 
concerned with building the ‘laboratory grown’ proof 
of concepts into working models. The applications 
dimension is concerned with making real-world 
connections of the core ICMT. The operations and 
maintenance deals with the routine maintenance, 

trouble shooting, and services required to ensure 
smooth operations of any ICMT enabled system. The 
relative sizes of the layers are indicative (although not 
to scale) of the percentages of the workforce expected 
to be working in these areas. 
 
CONCLUSION 
 
With the ushering of the information/knowledge age, 
driven by the ongoing advances in 
information/computing, communications, and mobile 
technologies (ICMT), it is crucial for students to grasp 
the right skill sets to understand these technologies, as 
well as to apply them effectively to solve real–world 
problems when they enter the workforce in the near 
future. In this context, this paper highlighted 
importance of incorporating ICMT in the early 
high-school and college curricula, and the 
methodologies of doing so. It also outlined the various 
layers pertaining to ICMT that need to be considered. 
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