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Employability Skills in Digital Age: A New 
Teaching-Learning Organisation Framework for 

Improved Student Experience and Benefit 

 
Abstract 

Successive Industrial Revolutions have shaped economy due to continuous growth in knowledge 
contributed in part by Higher Education, with Industry 4.0 giving rise to networked digital enterprises and 
economy. The digital economy, driven by convergence technologies, is characterized by both exponentially 
growing information and real-time, high-speed information processing and is causing the nature of jobs to 
change rapidly and existing jobs to disappear gradually. Teaching-Learning activities in Higher Education 
must be performed in such an environment where content is changing continuously. Students have to be 
prepared not only for the workplace of the present but also of the future, that is, the world of work that can 
be said to come with a ‘delay’ and is unknown and hence unobservable. It is increasingly difficult to meet 
the needs of digital economy with incumbent Higher Education teaching-learning processes that view 
content as relatively static and predetermined that can be delivered through guided instruction and practice 
and uses technology to replicate existing modes of teaching-learning. This paper describes the design and 
development life cycle of a new model of teaching learning organization, called the Additive Curriculum 
model that integrates realistic teaching-learning processes with realistic business processes through 
horizontal and vertical integration of instruction in courses spanning semesters using realistic value-creating 
project-based experiential learning.  The paper demonstrates through pedagogic initiatives executed that 
the Additive Curriculum model can lead to improved student learning experience and benefit leading to a 
gain in employability skills. 
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Introduction 
 

One of the goals of Higher Education (HE) is to prepare students to obtain employment in 
a country’s and global economy (Robbins, 1963; Kromydas, 2017). Economy is impacted by 
advances in science and technology and has been shaped by successive industrial revolutions, with 
the current economy driving as well as being driven by Industry 4.0 which is the result of rapid 
advances in convergence technologies, internet included, giving rise to networked digital 
enterprises and digital economy (Williams, 2021; Libert et al., 2016).  According to WEF “Future 
of Jobs 2023” report (The Future of Jobs Report 2023, 2024), the percentage ratio of business-
related tasks performed by machines to that performed by humans is now at 34.66% and expected 
to change to 42.58% by 2027.  This implies destruction or major modification of existing job roles, 
primarily those that can be automized, and creation of new job roles, some driving the process of 
automation itself.  A shift in requirements from technical skills to cognitive, behavioural, and 
metacognitive skills, and renewable energy and sustainability sectors driving new job creation are 
also reported. Similar forecasts and observations have been made in other industry reports (Hazan 
et al., 2024) (FICCI, EY, 2024).   

To continue to be professionally productive in such a rapidly changing economic 
environment, Datta and Mandke (2021) state that the workforce needs to transform into “learning 
engineers” or “learning professionals” with information processing, information use and new 
knowledge creation competencies to drive the emerging work processes, and continuously enhance 
self-performance for value creating work.  This puts reverse pressure on educational institutions 
and teachers to prepare students to prepare students not only for the workplace of the ‘present’, 
i.e., what is ‘now’, ‘vivid’ or ‘physical’ and is ‘observed’, but also the world of work of ‘futures’, 
i.e., what comes with a ‘delay’ and cannot be ‘observed.’ Thus, HE has to equip students for the 
structured learning information requirements of the present as well as ‘futures’ requirements where 
learning: 

a. Is always on the ‘future front’ coping with complexity and uncertainty that the Teaching-
Learning (T-L) system environment continuously encounters  

b. Is unstructured in that it necessarily constructs knowledge by origination of information in 
research and discovery mode and processes the originated information in new way 

c. Is involved in unstructured problem solving of the world of work, with its complexities and 
uncertainties, by engaging with the customer, unexpected customer included 
It can be observed in incumbent HE that a student’s learning experience is organised into 

lectures, tutorials, practicals (LTP) in terms of deductively derived curriculum content. Courses 
are taught independent of one another. This framework can be viewed as a ‘subtractive’ curriculum 
wherein content is delivered by ‘cutting’ or ‘subtracting’ progressively from the starting to the 
final semester. The subtractive curriculum processes, with its focus on pre-determined content, are 
insufficient to address the requirements of the digital economy that is characterized by complexity 
and uncertainty arising from interdependent, conflicting and evolving system environmental 
factors. Learning outcomes have to shift from its proven process of operating on traditionally 
specified static subject domain knowledge specifics. Simons, RJ. et al. (2000) state that to handle 
exponential growth of information, “new learning outcomes – learning, thinking, collaboration and 
regulation skills – that can be applied on ‘information’ and learning processes” are required.  
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We state that learning outcomes as stated above have to further transform to operate on 
‘learned information’ and learning processes to ‘generate new knowledge that is of value’ to all 
recipients, namely, students, teachers, parents, community, institution, industry/business, society, 
as the case may be. This requires a “connectomnal” teaching-learning organization where effective 
learning occurs due effective information flow and processing through the complex network of 
teachers, students, industry and community interplaying by performing multifarious roles (Datta 
& Mandke, 2021).  This forms the basis of the proposed “Additive Curriculum” in contrast to the 
subtractive curriculum. 

With this view, the paper first examines related work reported in literature to identify, adapt 
and build on requirements of industry and HE’s pedagogic constructs to address them.  It then 
describes the Additive Curriculum (AC) model and its framework with its theoretical 
underpinnings that have been analytically derived to enable acquisition of higher levels of learning 
and improve student learning experience. Next it details three key pedagogical experiments 
undertaken based on the AC framework and analyzes the data of surveys conducted to demonstrate 
improved student experience and benefit leading to employability skills.  

 
Related Work 

 
We begin by examining issues related to employability skills as reported by industry and 

academicians in the form of industry reports and research papers. Next, we look at various 
mechanisms being adopted in HE to forge university-industry linkages. Lastly, we investigate 
instructional methodologies being implemented in HE classrooms to improve student engagement 
and learning as alternatives and/or supplements to the lecture method. 

  
Industry Needs and HE Inadequacies  

 
OECD, puts forth its “Framework for Education 2030” in its position paper, (OECD, 2018), 

that is based on three categories of competencies – “Creating new value”, “Reconciling tensions 
and dilemmas” and “Taking responsibility” that it calls “Transformative Competencies” to address 
the requirements of a world that is changing socially, economically and environmentally at a rapid 
pace. While The Future of Jobs Report 2023 (2024), Hazan et al. (2024) and FICCI, EY (2024) 
focus on the demand side to present survey-based analysis and findings of workplace trends and 
skills requirements, Aspiring Minds (2019), focuses on the supply side and reports on the 
employability of undergraduate engineers in India, US and China based on the assessment of 
technical skills. The report finds that Indian engineering education focusses mainly on theory with 
a meagre 36% undertaking projects beyond coursework. 60% of faculty do not discuss how 
engineering concepts taught apply to industry. Further only 40% of students undergo internships.  

García-Álvarez et al. (2022), through a systematic review of cross-national research work 
report a set of employability skills stated as valuable by organizations and observe that although 
career management skill allows navigating a complex and unstable job market in an effective 
manner, employers did not value this competency. Tushar and Sooraksa (2023) report the finding 
of a similar set of skills with the addition of ‘willingness to learn’ attitudinal skill. Souppez (2024) 
includes ‘professional body accreditation of a course’ and ‘professional body membership’ as 
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additional parameters in the research study and report that students did not perceive professional 
body membership as important.  Cheng, et al. (2022), in their study, have included government as 
a stakeholder in addition to student, institution and industry and state that the government and HE 
institutions focus predominantly on the absolute dimension of employability in terms of 
accreditation and occupational skills, while the industry stresses on the relative dimension and 
expects “soft skills” and attitudes. Students equated employability with career building as well, 
apart from securing a job. The differing perception amongst the stakeholders leads to a gap in 
meeting industry needs.  Kövesi and Csizmadia (2016), through their analysis of interviews with 
different industries hiring engineering graduates, report that interviewees stated that “engineering 
mind-set” and “systems thinking” are found to be lacking in addition to skills reported in literature. 
Asefer and Abidin (2021) adopt the term “soft skills” and “hard skills" and state that while hard 
skills are a predictor of whether a student finds a job, soft skills can predict if the student keeps the 
job. Geisinger, Brandi N. and Raman, D. Raj (2013), on investigating reasons for students 
dropping out of engineering, state that students leave “due to lack of interest or uncertain career 
goals” as they enter college with “vague ideas of what an engineer does”.   

Atman, Cynthia J., et al (2010) researching on the early experiences of students on entering 
workplace report that new hires, in contrast to the experience of problem solving undertaken in 
teams during their study program, found: 

a. industry problems complex and ambiguous 
b. unable to see how the work being done by them fits into team and company’s larger goals 
c. work environment structure unfamiliar 
d. new terminology and communication modes unique to the company have to be acquired 
e. workplace teams large and diverse consisting of both engineers and non-engineers in 

various capacities  
f. teams have to interact with clients or customers directly with which they have no prior 

experience 
Thus, it can be seen that project environment in institutions does not mirror the work 

environment leading to lack of abilities and attitudes required by the industry as there is no realistic 
linkage between university and workplace problems and processes leading to dissonance in student 
experience. Additionally, both industry and university do not give due regard to individual 
student’s career aspirations thus leading to instruction not being brain-aligned. Students have to 
possess competencies beyond domain knowledge acquisition in order to contribute effectively at 
the workplace. Subjects are taught independently of each other in courses and there is a lack of 
underlying learning themes connecting the subjects studied.   

 
Connecting with Industry 

 
Mandke (1989) traces the efforts of HEs to create pedagogical devices for education-work 

linkage beginning with the first half of the nineteenth century and state that the education-work 
linkage models, with the exception of BITS and MIT Practice School, still viewed the linkage 
through clearly delineated roles of the university imparting domain knowledge and industry 
imparting workplace skills both behavioural and cognitive. The paper puts forth the concept of the 
“Work-Bench” as a learning situation outside the classroom and goes on to say that the work-
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bench activity has to be entrepreneurial in nature with the teacher playing the active role of 
connecting theory and practice as well as assessment and assessment includes behavioural and 
cognitive outcomes such as analytical ability, decision-making ability, leadership ability, 
interpersonal relations and related skills. Reinhard (2006) describes the German Berufsakademie 
Work-Integrated Learning (WIL) Program and how it differs from internships and has its basis as 
active cooperation between industry and university. 

Jackson and Dean (2022), studied the impact of the three forms of WIL, namely, “work-
based”, “non-workplace” and “global” on preparedness for employment and perceived 
improvement in skills in three domains namely, foundation, adaptive and collaborative.  They 
conclude that since no one form of WIL can be said to be better than the other, all forms should be 
used. Further WIL should take place throughout the study programme. Garwe (2020), in their 
study report that the timing of WIL does not impact the employability status.  Burns and Chopra 
(2017) on the basis of their meta-analysis of WIL studies state that most studies limited their 
research to the investigation of the effects of one industry engagement on student learning 
outcomes.  Kay et al. (2019), in their project study to identify emerging WIL models for the 
evolving digital economy report additional forms that they have classified into five models – 
“micro-placements, online projects or placements, hackathons, competitions and events, 
incubators/start-ups and consulting”.  

Given the rapidly changing nature of digital economy, providing the right internships and 
placements to all students may not be feasible.  In-curriculum industry engagement practices can 
provide the required experience and exposure and have the additional advantage of being 
incorporated throughout the curriculum (Male & King, 2019). Coll et al. (2011) state that WIL 
implies integration of knowledge and skills acquired in the HE and workplace, and can mean to 
take into the workplace what has been learned in the HE and vice versa. Their research study did 
not find any evidence of explicit actions being taken or pedagogies devised to this end apart from 
using reflection as a mechanism to document learning and self-improvement.  They suggest three 
means to bring integration: 

a. Formal stating of integration at the beginning of WIL itself 
b. Adopt Reflection-before-action in addition to reflection-on-action and reflection-in-action 

models in pedagogies 
c. Work with industry supervisors to evolve formal pedagogies for WIL 

A ‘WIL Partnerships for Employability Framework’ was developed after extensive 
stakeholder survey and interaction which identified domains for employability that can be realized 
through collaborative partnerships rather than drawing up and maintaining partnership agreements. 
Social connections and Role models and mentors were two of the unique domains stated as being 
important by stakeholders (Ferns et al., 2019). Guidelines, recommendations and principles have 
been provided to assist universities, governments, industries, students and graduates to frame their 
individual policies and procedures for effective education-work linkages that can add value to all 
stakeholders. (Choi-Lundberg, D., et al., 2024; Borbély-Pecze & Hutchinson, 2014; Stirling et al., 
2016; Gallagher, 2019; Male & King, 2014; Broadbent & McCann, 2016) 

 
Active learning as a pedagogic practice 
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Prince and Felder (2006) distinguishing between deductive and inductive approaches to 
teaching-learning state that the inductive approaches were found to yield better student 
performances but caution that the inductive instructional methods have to be carefully constructed. 
Freeman et al. (2014) in their meta analysis of studies conducted to compare active learning 
methods with traditional lecturing in STEM found that examination scores showed improvement 
and failure rates dropped irrespective of the active learning method employed in comparison with 
the lecture method. Improvement in concept inventories scores was higher than examination 
scores.  Weiman (2014) states that as concept inventories are designed to assess expertise achieved 
during a course and active learning methods promote thinking like an expert, concept inventories 
scores showed a higher improvement than course examination scores. 

Project-based learning is being researched and adopted in HE as it facilitates the inculcation 
of employability skills as well as technical skills. Ries et al. (2017) in their bibliometric and 
classification review report that studies have shown improved technical, soft and multidisciplinary 
skills. They also report having observed the usage of tools and techniques such as virtual meetings, 
e-learning, mathematical data analysis and modelling software and robots. Guo et al. (2020) 
observe that most studies do not make a distinction between problem-based learning and project-
based learning and in their review study have selected only project-based learning studies to 
identify the evaluated learning outcomes and measurement instruments adopted in the studies. Hart 
(2019) has refined the focus further and reviewed those studies that used interdisciplinary projects 
to improve discipline and employability skills and report that the perceived gain in 
Interdisciplinary effectiveness increased with the increase in breadth and depth of the 
interdisciplinary project whereas the discipline knowledge gain decreased.  

Clausen and Andersson (2018) and Jakubik (2017), through their respective case studies 
of masters students undertaking authentic problems of business and society to create value, show 
that students’ perceived satisfaction, theoretical knowledge and employment relevant skills show 
improvement. They stress on creating a learning community consisting of educators, students, 
industry practitioners and society stakeholders.  Making students create separate presentations and 
demonstrations for external stakeholders and internal university faculty enables them to acquire 
the necessary theoretical knowledge and skills as well as industry relevant skills. (Clausen & 
Andersson, 2018) Joseph (2013), in order to improve HE student learning experience, used 
differentiated instruction.  Students’ readiness, interests and learning profiles were assessed 
beforehand and instruction was differentiated by providing choices in terms of content, process 
and product.  The study reports that students reported “higher levels of intellectual growth” and 
increased interest in participating in the course.  Herodotou et al. (2019) have identified six 
innovative approaches to teaching and learning that can lead to the development of digital economy 
competencies such as critical thinking, problem solving, scientific mindset, working in groups 
amongst others.  These approaches, namely “formative analytics, teachback, place-based learning, 
learning with robots, learning with drones, and citizen inquiry”, show varying degrees of maturity 
in terms of adoption and evidences about effectiveness but are relevant for the future.  

In contrast to the ‘forward’ design approach which consists of identifying content, 
designing instruction and creating assessments, Wiggins and McTighe (1998) propose a 
‘backward’ design approach to instruction and consists of three stages – identifying the desired 
learning outcomes, determining the assessments that will demonstrate learning outcomes 
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achievement and plan learning strategies and instruction to achieve identified learning outcomes.  
Datta and Mandke (2021) have presented a “feed-backward instruction design (FBID)” approach 
that is used in the AC and states that desired learning outcomes should be derived from learning 
and employability futures’ leading to the learning ecosystem behaving like an open system.  FBID 
also places emphasis on continuous feedback to identify the gap between desired and actual 
outcomes and using this gap for new information origination leading to a step gain in learning. 

From the studies reporting pedagogic and instructional means adopted, it can be observed 
that they can be classified into two types - Standalone in the past and Statically Connected in the 
recent past and present. A third type, “Networked Dynamically”, which addresses information and 
information flow that is complex and unknown, ambiguous, uncertain and infinite choice for 
learner benefit and improved experience futures is proposed, the details of which can be seen in 
(Datta & Mandke, 2021). Further, it can be said that learning outcomes have to be viewed beyond 
acquisition of technical competencies, and active learning pedagogies undertaken need to have 
realistic linkages with industry work. Universities should construct meaningful engagements with 
students with respect to their motivation and aspirations right from the first year of the chosen 
academic program itself. Furthermore, these engagements should continue to function till the final 
year and beyond encouraging lifelong learning. This paper builds on the findings reported in 
literature and identifies characteristics of the teaching-learning that are capable of meeting the 
needs of the networked digital economy. The problem-solving engagements chosen should lead to 
value creation for industry, institution, student and society. Methods to integrate realistic business 
processes and problems with realistic teaching-learning processes and problems to solve chosen 
industry problem is needed. Convergence technology usage for networked teaching-learning and 
business work needs to be identified and used. 

 
Additive Curriculum Model - Theoretical Underpinnings 
 

Traditionally, learning is defined “as a relatively permanent change in behaviour or in 
behavioural potentiality that results from experience and cannot be attributed to temporary 
environmental states.” This definition while comprising the experiential aspect of learning does 
not include the nature of experience that is necessary for learning to take to take place. As 
examples, the experience can be in the form of reinforced practice, or contiguity between a 
stimulus and a response, or the ‘acquiring’ and/or ‘utilizing’ of information.  The authors state that 
from the cognitive perspective the experience that is necessary for learning to take place is that of 
acquiring and/or utilizing of information in a ‘research and discovery’ mode to originate 
information  Thus, a modified definition of learning can be stated as - learning is relatively 
permanent change in behaviour or behavioural potentiality that results from experience of 
acquiring and/or utilizing information in a research and discovery mode while originating 
information. 

Advances in cognitive research and brain science are informing more and more about how 
an individual, group and organization learns. The key insight that is emerging is that they learn by 
constantly positioning themselves at the edge of their incumbent information and knowledge space 
boundary that separates the known factors and criteria from the unknown – many factors and 
multiple criteria, i.e., at the ‘sharp edge’, and by constructing new information, i.e., originating 
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information, while experiencing learning risk, i.e., the risk of the learned information being of no 
value, arising out of contextual and situational dynamic decision making. (Mandke & Nayar, 2004) 

Another emerging insight is that the processes of learning are changing.  Advancing digital 
technologies has led to an exponential growth in information as well as high-speed information 
processing with the result that the current feed-forward instruction design which focuses on content 
acquisition and its assessment using didactic instructional methods makes it difficult for both 
teachers and students to focus only on acquiring information. Hence a process-oriented instruction 
model that is based on “learners’ processes of knowledge construction and utilization” in the 
subject domain under study leading to new learning outcomes, learning -to think, -to learn, -to 
collaborate and -to regulate is needed. (Vermunt & Verschaffel, 2000) 

This paper makes the observation that the digitally driven economy and HE learning needs 
to address performance futures, i.e., behaviour to performance potentiality, which is a consequence 
of interdependent, evolving, conflicting environmental factors impacting system variables. This is 
in contrast to futures performance which is a predictable linear extrapolation of the past. The 
emphasis is on experiencing learning risk, and recognizing, prioritizing and mobilizing for the 
same.  It proposes a process-oriented teaching learning framework as given in Figure 1. When 
applied to instruction in the classroom, classroom instruction has to now address futures’ 
unstructured learning requirements and can thus be viewed as ‘interplay’ between student and 
teacher – interplay between internal regulation by student and external regulation by teacher, 
between constructive conflict and destructive conflict in respect of instructional content, between 
contextualization and de-contextualization of content (Simons et al., 2000).  

At lesson content delivery level, teacher and student depart from traditional and proven 
roles as defined under guided mode of instruction wherein normally teacher routinely lectures and 
student passively listens and takes notes. While interplaying, each student is required to determine 
her (or his) learning value creating objective leveraging individual prior knowledge, interest, and 
intelligence(s), recognize and follow learning environmental anomalies, research and find content 
information; brainstorm and answer questions and share her (or his) thoughts and learnt opinions; 
practice in real time using technology including convergence technology so as to achieve real 
world value creating educational objectives. The teacher too is required to assist the student in the 
above process and evaluate students’ learning outcomes for independent work and self-directed 
learning. 
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Figure 1: Process-oriented Teaching-Learning Framework 

Role of Convergence Technology 
 
Teacher-student interplay positions instruction as a brain aligned value creating process-

centric value stream. Interplaying students and teachers form a connectome network to perform 
value creating work (Datta & Mandke, 2021). Effective information processing through this 
connectome delivers effective learning. It makes classroom T-L organization and process complex 
in information and hence requiring the need for technology assistance. The objective of 
Convergence Technology-enabled Learning Technology is to (i) automize structured learning 
processes so as to (ii) release student’s attention dynamics (Bruning et al., 2004) resources for 
effective learning at the sharp end of her (or his) unstructured information and knowledge 
environment space boundary and (iii) enable individual student to complete value creating 
metacognitive tasks and satisfies individual learning requirements (as against collective learning 
requirements as is the incumbent practice) leading to brain aligned instruction. Following this, 
according to this paper, Educational Technology (ET) in the form of a CT-enabled networked 
system, which automizes integration of a process-centric-integrity-learning-process- with a T-L 
process and/or with a business process. 

 
Additive Curriculum – Key Elements 

 
The key elements of the AC model is shown diagrammatically in Figure 2. Table 1 lists 

how the AC Model differs from the prevalent Teaching-Learning model at a broad level. It is based 
on a decentralized and distributed model of teaching-learning instruction wherein learning is made 
declarative, proceduralized and conditinalized (contextual).  It makes the curriculum responsive 
and mass-customisable: 

• Mould to suit student aspirations 
• Enable goal setting and monitoring 
• Real linkages with goal environment 
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• What is studied is used 
• What will be used is studied 

 

 
Figure 2: Key Elements of Additive Curriculum Model 

 

 
Figure 3: Five Levels of Environment Contexts  

 
Table 1: Traditional Teaching-Learning versus Additive Curriculum based model 

 Traditional Teaching-Learning Model Additive Curriculum based Model 
Student Expected/Collective Unexpected/mass-customizible  
Result Pre-determined Learning Opportunity Seeking 
Process Yes/Linear Yes/Non-linear, networked 
Resource Adequate Inadequate 

 
A systems view of integrating realistic business problems and realistic learning problems 

through value creating experiential learning is given in Datta, et al. (2024). While the ‘world of 
information’ is the standpoint of the incumbent teaching-learning model, the ‘world of information 
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flow and information processing’ is the viewpoint of the AC model. Five environment/requirement 
contexts that students are expected to operate in are identified and defined with the highest gains 
in learning achieved at Level 5 (Figure 3).  

The incumbent teaching-learning model assumes levels 1-2. Integrating realistic learning 
problems on Futures’ front with realistic customer/business problems yield realistic learning-work 
integration problems leading to information origination, unexpected information included. While 
traditional teaching-learning model supposes collective requirements based problem solving, be it 
student, teacher, ET, content or problem, the AC model relies on individualized student, teacher 
progression, ET progression, content progression, and value stream prioritized L3-L5 
requirements. 
 
Experiment Design 
 

Three different AC-based pedagogic experiments that have been completed are described 
in this section. These experiments used FBID to turn content, delivery and assessment into learning 
outcomes relevant to the industry.  They integrated business processes and learning processes and 
used ET as information delivery system to solve problems by creating value. They demonstrate 
horizontal integration of subjects across a semester and vertical integration across academic year 
pursuing. Three levels of progressive learning attainment have been defined - (i) Research & 
Discovery Mode of Learning [First year students] (ii) Supervisory-Complex-Problem-Solving-
mode of learning (Second year students) (iii) Professional-Complex-Problem-Solving-mode of 
learning (Third/Final year students) – with the teams consisting of all three levels, the members 
collaboratively solving the business problem. 

The “Information Literacy Skills Rubric” for “masterful” proposed by Nelson (2008) have 
been translated into learning function elements (LFEs) and learning function units (LFUs) that act 
on learned information using ET in the context and situation presented by the industry problem. 
While these learning function elements have not been categorized as done by van Hoult-Wolters 
et al. (2000), they have been chosen from the perspective of being able to work effectively on the 
problem/project identified leading to self-directed learning and independent work. 
 
Experiments Conducted 
 

Table 2 lists experiments conducted with student groups across academic years. 
 

Table 2: AC-based Experiments Conducted 
Experiment Academic Year Courses Number of 

students 
Projects Roles 

Nanoelectronics 
Learners Premier 
League (LPL) 

First year, first 
semester B.Tech 
students 

Chemistry, Physics, 
Electronics, 
Communication 

220 20 11 

Integrated 
Software 
Development 
Program (ISDP) 

Second year, 
second semester 
B.Tech students 

Operating Systems, 
DBMS, Computer 
Architecture and 
Organisation, Network 
Security, Cryptography 

179 15 5 
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Math-
Programming-
Machine Learning 
Project 

First and third 
year, second 
semester students 

Mathematics, 
Fundamentals of 
Programming, 
Machine Learning  

150 14 12 

 
Extended Teaching Learning Organization 
 

The teaching organization was extended beyond the course teachers and additionally 
comprised - 20 Buddy Mentors (3rd year students) from Learning Technology Project Course, 2 
Associate Mentors, 4 Learning Mentors from ET PhD and M.Tech scholars pool and 2 Industry 
Mentors who headed technical functions in the University. The individual Course Faculty/Teacher 
got modelled as a networked team, i.e., connectomnal. Similarly the individual learner got 
modelled as a networked team, i.e., again connectonmal. The engagements were planned and 
monitored by 4 student members of a specially created body COEET (Centre for Excellence in 
Educational Technology) for modified teaching-learning organisation. Figures 4 and 5 give a 
representation of the teaching-learning organization adopted. Together they depict the 
decentralized and distributed information processing by an ensemble of academic, professional, 
and user communities delivering brain-like-network-processed informational-work outcomes (i.e., 
brain-like-network-learned-information use outcomes); namely, Connecting to grow, Pruning, 
Maturing, Reinventing, and Meta-cognizing, through formations of connectome-structured 
networked small-group organizations of information nodes for dynamic decision making. 

 
Figure 4: Members of the Teaching-Learning Organisation 
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Figure 5: Representation of Connectomnal Teaching Learning Organization 

 
Data Collection 

 
A comprehensive survey instrument was designed to assess adherence to teaching-learning 

process as defined by the AC pedagogic model, improved student learning experience and benefit 
attained by participating in AC projects. The validated instrument was used to collect data from 
the participants in the AC model-based pedagogic initiatives. Some representative parameters 
captured are the following:  

1. Adherence to AC pedagogic process – resource usage, rubric usage, mentor interaction 
2. Student learning experience - engagement with project content, engagement with course 

content in classroom, engagement with peer students, seeing interconnections between 
courses, engagement with seniors, apply skills in one domain to another – transfer of 
learning, raising the bar of learning 

3. Student benefit – Self-directed learning skills, metacognitive knowledge and regulation 
practices, working with industry standard collaborative tools, transferable skills - working 
on unexpected industry problems, ability to apply skills in one domain to another 
Related validated instruments also captured parameters related to role performed, student 

employability skills perception, student self-efficacy perception, collaboration using CT amongst 
participants – students, teachers, mentors and seniors which are not discussed here as it beyond 
scope. 
 
Participants  

• All AC projects undergone by students on rolls at the university at the time of administering 
the survey instrument is given in Appendix C. 

• Students belong to Academic Years (AY) 2019-20, 2020-21, 2021-22, 2022-23 and are 
identified as belonging to Batch 19 to 22. An academic year consists of two semesters and 
a summer term.  The summer term is not under consideration. 
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• Batch 19 and Batch 20 were Covid-19 batches [online till March 2022] while Batch 21 was 
hybrid batch [online from Aug 2021 – Mar 2022]. Batch 22 was a normal non-Covid batch. 

• Batches on rolls at the time of filling the instrument were Batch 19, 20, 21, 22 
• Batches on campus were Batch 20, 21, 22; Batch 19 was doing Industry Practice onsite at 

various organisations. 
• The instrument was filled during the period April-May 2023 by Batches 20, 21, 22 
• Batch 20 – 12 responses, Batch 21 – 67 responses, Batch 22 – 57 responses 

 
Validation of instrument 
 

The validation process is shown as a graphical representation in Figure 6. The instrument 
was created as per researcher’s experience with AC projects implementation carried out since 2016 
in action research mode. The instrument was sent to five faculty members who have participated 
in at least one AC activity, an educational psychologist, Educational Technology research scholars, 
EdTech Initiatives project director, EdTech mentor professor, Center for Industry Collaboration 
regional director and an EdTech professional for their feedback. Their comments were 
incorporated and the updated questionnaire was tested with 42 AC students. Based on the 
responses received, some words were replaced with their synonyms appropriate to the target 
cohort’s background so as to make it understandable to them. After changes, the instrument was 
again sent to all stakeholders mentioned above. The final approved instrument were used for the 
collection of final data. 

 
Figure 6: Graphical Representation of Validation of Instrument 

 
Data Collection with validated instrument 
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The instrument was administered to all first-, second-, and third-year undergraduate 
students undergoing the 4-year B.Tech programme. The eligibility criterion adopted was that the 
students should have participated in at least one AC project. The instruments were administered at 
the end of completion of the AC project they have undertaken. 136 students participated in the 
data collection with validated instrument. 

Figure 7 shows the steps followed to collect the data. To reach out to the eligible students, 
the researcher connected with the faculty participating in the AC projects and mutually arrived at 
class period(s) convenient to students and faculty for filling the instrument. The faculty next 
circulated the link of the instrument form to all eligible students.  During the designated class 
period, the faculty introduced the researcher to the students. The researcher explained briefly the 
mechanics of filling up the instrument and handled issues with accessing the instrument. After 
which each student filled up the instrument individually.   
 

 
Figure 7: Steps Followed to Collect Data 

 
Data Analysis 

 
With respect to applying knowledge from one domain to the other (Table 3) - 91.2% 

applied their skills in presentation tools/social media, 80.1% applied their mathematical abilities, 
73.5% applied their knowledge from literature & language, 61% applied their music-graphics-
media knowledge and 56.6% applied their knowledge in creating software applications/apps.  
Photography (47.8%), Biological Sciences (47.1%), Theatre (39.7%), and Sports (25.0%) drew 
less than 50% stating that they applied their knowledge. Of the 9 domains probed, 91.3% had used 
their knowledge from at least one domain in the AC project.  11.8% reported they had used all 
nine domains (needs to be probed how), while 3.7% reported they had used none (needs to be 
probed why).  61.8% reported that they had applied at least 5 or more domains. (Table 4) 
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Table 3: Transfer of learning from another domain to the project 

Domain Areas Applied Yes Not 
Yet % Yes % Not 

Yet 

I applied my mathematical abilities. 109 27 80.1 19.9 

I used my abilities in creating software applications/apps  77 59 56.6 43.4 

I used my knowledge of biological sciences. 64 72 47.1 52.9 

I transferred concepts/analogies from my knowledge of 
literature and language. 100 36 73.5 26.5 

I expressed from knowledge about music, graphics, 
media, culture, etc. 83 53 61 39 

I drew on sports knowledge.  34 102 25 75 

I used/transferred information from my knowledge of 
theatre/plays/acting. 54 82 39.7 60.3 

I utilized my photography knowledge and skills.  65 71 47.8 52.2 

I used my skills in presentation tools/social media/website 
creation tools 124 12 91.2 8.8 

 
Table 4: Transfer of learning – Number of Domain Areas 

Number of Domain Areas Applied % 

ALL 11.8 

NONE 3.7 

GREATER THAN 5 61.8 

AT LEAST 1  96.3 
 
Seeing Linkages with Courses undertaken  
 

As shown in Table 5, 87.5% reported that they were able to identify topics from the courses 
they are undergoing that relate to the AC project being executed while 79.4% applied the 
knowledge to the project.  Further, 77.9% reported that they were able to view a given concept 
from the perspective of different courses. 
 

Table 5: Seeing linkages with courses undertaken/undertaking 
Question I was able to identify topics 

from the course curriculum I 
am undertaking that relate to 
my project 

I recognized the same 
concepts from perspective 
of multiple courses 

I applied my knowledge 
from the courses I have 
undertaken/am undertaking 
to my project 

Yes 119 106 108 

Not Yet 16 29 27 

% Yes 87.5 77.9 79.4 
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% Not Yet 11.8 21.3 19.9 

 
Raising the bar of learning 
 

The questions pertaining to how far the student went beyond the existing knowledge 
boundary in designing and implementing his/her task in the AC project thus raising the bar of 
acquired knowledge saw the students reporting the following (Table 6): 84.6% said they went 
beyond information provided in class, 79.4% said the project addressed more content areas than 
they had initially thought. 86% reported that they learnt more by executing the project compared 
to the normal way of learning for the same amount of time [spent on the project] indicative of an 
improvement in learning efficiency, 86.8% said they used the information to solve new and 
different type of problems indicative of an improvement in both raising the content bar as well as 
learning effectiveness.  

 
Table 6: Raising the bar of content learning 

Question Yes Not Yet % Yes % Not 
Yet 

The project required me to go beyond 
information given in the class to make inferences 
and connections in the explanations of concepts. 115 21 84.6 15.4 

The project required me to use information to 
solve new and different type of problem. 118 17 86.8 12.5 

The project addressed instruction in more content 
areas than initially planned 108 28 79.4 20.6 

I learnt more than in the ordinary way of learning 
in the time I have spent 117 19 86 14 

I was able to identify topics from the domain 
areas of the courses I am undertaking that relate 
to my project 

110 25 80.9 18.4 

I identified topics from my project that went 
beyond the courses I have undertaken till now 113 22 83.1 16.2 

 
Self-directed/Strategic learning and Independent Work 

 
From Tables 7 & 8, it can be seen that students practiced both dimensions of metacognition 

– metacognitive knowledge and metacognitive regulation.  Table 7 pertains to the pre-project 
phase, that is, just before beginning project implementation while Table 8 pertains to 
implementation phase. During the pre-project phase, questions related to cognition such as 
determining purpose of project and finding out if they have the necessary background received 
86% and 79.4% reporting in the affirmative respectively.  Questions related to metacognitive 
regulation included students reflecting on planning (I deliberated if I have the resource/materials I 
need – 76.5%), monitoring (I deliberated if I need to use a graphic organizer, a timeline, an outline, 
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or a “to do” list – 71.3% ) and evaluation (I deliberated if I need more information from the 
following: Teacher, Classmate, Resources – 82.4% ) phases.   

 
Table 7: Self-directed learning – Pre-project implementation phase 

Question Yes Not Yet % Yes % Not Yet 
The purpose or outcome of the assignment (and 
the project work) was determined 117 19 86 14 

I factored what will I learn or gain from this 
experiential learning 104 32 76.5 23.5 

I deliberated if I have proper background and/or/ 
skill to perform in this assignment 108 28 79.4 20.6 

I deliberated if I have the resource/materials I 
need 104 32 76.5 23.5 

I deliberated if I have adequate thinking space, 
space to concentrate and work comfortably, 
enjoyably 

105 31 77.2 22.8 

I deliberated if I should create a plan to carry out 
the assignment 109 27 80.1 19.9 

I deliberated if I need to use a graphic organizer, 
a timeline, an outline, or a “to do” list 97 39 71.3 28.7 

I deliberated if I need to clarify my thoughts or 
ask questions 114 22 83.8 16.2 

I deliberated if I need more information from the 
following: Teacher, Classmate, Resources 112 24 82.4 17.6 

 
During AC project implementation phase, students were provided with a work schedule 

that they had to adhere to. Metacognitive regulation was assessed to check if the students reflected 
and self-monitored themselves – Table 8. The question ‘How am I doing’ was reported as having 
been asked by most students (87.5%) indicative of metacognitive reflection. The question ‘Am I 
putting my best effort?’ received an affirmative response from 84.6% of the students.  Questions 
related to seeking external help received least affirmative responses, example ‘Do I need help?’ 
(66.2%); ‘Do I need encouragement to continue’ (66.9%). ‘Am I going in the wrong direction’ 
was asked of themselves by 63.2% of the students. Together they are indicative a positive regard 
students have with respect to the work done. Students also attempted to strategize to do the project 
work as can be seen from the response received to the question ‘Have I completed parts of the 
assignment that I know I can do, so I have more time to work on the segments that require more 
thinking?’ (82.4%) 
 

Table 8: Metacognition practice through continuous self-monitoring 

Question Yes Not Yet % Yes % Not Yet 
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How am I doing? 119 17 87.5 12.5 

Am I continuing to find the assignment challenging 
(Said differently, Am I getting bored)? 95 41 69.9 30.1 

Do I need encouragement to continue? 91 45 66.9 33.1 

Am I putting forth my best effort? 115 21 84.6 15.4 

Am I on the right track? 110 26 80.9 19.1 

Am I following the time line or pacing the work? 97 39 71.3 28.7 

Have I spent too much time and energy on this 
section? 105 31 77.2 22.8 

Am I bogged down? Am I going in the wrong 
direction? 86 50 63.2 36.8 

Do I need help? 90 46 66.2 33.8 

Do I need more information? 106 30 77.9 22.1 

Do I need additional materials or resources? 112 24 82.4 17.6 

Have I completed parts of the assignment that I 
know I can do, so I have more time to work on the 
segments that require more thinking? 

112 24 82.4 17.6 

 
Belief change with respect to learning 

 
As Table 9 shows, over 80% students reported having undergone a belief change about 

learning – what needs to be done or what the learner needs to be aware of for achieving academic 
results. The following responses were received - Learners leverage different intelligences to learn 
a topic (83.1%); learners should be aware of learning goals (84.6%), learning style (82.4%) and 
learning strategies (85.3%).  Students also discovered that they were working on concepts that they 
had not understood well earlier despite having studied them (93.4%) and the project expected them 
to rely on their knowledge and opinion and not of others (87.5%). 

 
Table 9: Belief change 

Question 
Yes Not 

Yet % Yes 
% 
Not 
Yet 
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I discovered that the project required me to work on concepts 
in the selected topic, which I had not understood well earlier 127 9 93.4 6.6 

I discovered that the project required me to develop the 
meaning of the assignment work activity undertaken based on 
my knowledge and opinion, not just of others 

119 16 87.5 11.8 

Now I recognize that learners leverage different intelligences to 
learn a topic. I was not aware of this reality before doing this 
project. 

113 23 83.1 16.9 

Now I recognize that in any lesson study, a learner in order to 
achieve good academic results should be aware of her (or his) 
Learning Goal(s) 

115 21 84.6 15.4 

Now I recognize that in any lesson study, a learner in order to 
achieve good academic results should be aware of her (or his) 
Learning Style 

112 24 82.4 17.6 

Now I recognize that in any lesson study, a learner in order to 
achieve good academic results should be aware of her (or his) 
Learning Strategy 

116 20 85.3 14.7 

 
Adherence to additive curriculum project processes 

 
The AC pedagogy has clearly laid out processes to be followed while engaging in the AC 

projects. Project-process questions pertained to AC project resources provided – have they been 
accessed, read and used; rubric – was it read, understood and applied; mentoring – was advice 
received from buddy and learning mentors; and how often was the interaction.  Further the number 
of hours reported as having spent and the evidences reported as having been produced were 
captured as part of adherence to AC project process.  

While 83.1% reported as having received resource material as part of project orientation 
(Figure 8), 76.2% reported as having accessed most of all resources while 64% reported as having 
critically read the resources accessed – Table 10. 72.8% reported as having found the resource 
material useful – Figure 9. 80.1% reported as having understood the directions and guidelines 
provided in the resource material and 87.5% reported as having decided on what rules they need 
to follow with respect to project work process – Table 11. While 58.1% reported as having received 
the rubric as part of project orientation (Figure 8), 75% reported as having read the rubric, 64% 
reported as having understood the rubric while 69.9% reported as having applied the rubric 
indicative of application of the rubric by some students without understanding – Figure 10. While 
86.8% reported as the project being well defined by mentors, 94.1% reported as having interacted 
with buddy mentors and 87.5% reported as receiving advice from learning mentors (Table 12).   

 
 Table 10: Accessing and Studying resources 

Question All Most Some None %All %Most %Some %None 
Did you access each and every 
Guidance material and 
Learning Resource provided 
throughout the length of the 
project work? 

22 83 27 4 16.2 61 19.9 2.9 
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Did you critically study the 
resource material? 25 62 45 4 18.4 45.6 33.1 2.9 

 

 
Figure 8: Learning Resources and Rubric Received 

 

 
Figure 9: Usefulness of resource materials 

 
 

Table 11: Directions, Guidelines and Rules 
Question Yes Not 

Yet % Yes % Not 
Yet 

I understood the directions and guidelines 
given in the learning resource provided 109 27 80.1 19.9 
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I decided on which assignment work process 
rules must be adhered to? (e.g., ensuring 
attendance at team meetings, Sharing 
information, meeting delivery schedule, 
keeping time, etc.) 

119 17 87.5 12.5 

 

 
Figure 10: Rubric Understanding and Usage 

 
Table 12: Interaction and Inputs from Mentors 

Question Yes No % Yes % No 
Was your work in the project well defined by the 
group/ buddy/associate/learning mentor? 

118 18 86.8 13.2 

I sought/discussed in person with Buddy Mentor 
guidance on my role, working with my team, 
interacting with associate/learning/industry mentors 

128 8 94.1 5.9 

I received advise on project work and learning 
progress from the Learning Mentor 

119 17 87.5 12.5 

 
Time Spent on Additive Curriculum Project 
40.4% of students spent equal to or greater than the duration of the project while 53% spent 50-
100% of project duration.  The rest (6.6%) spent less than 50% of project duration showing that a 
significant number of students spend more time while working on an AC project indicative of 
increased motivation and learning that needs to be investigated further – Figure 11.  
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Figure 11: Time spent on project work 

 
Evidences Generated as part of Additive Curriculum Project 
 

All students produced at least one of the following evidences – Project Reports (94.1% - 
most), Audio-video Recordings (85.3%), Video shots of team meetings/activities (69.9% -least), 
Photographs (81.6%), Snapshots of work in progress (83.8%), Screen shots from social networking 
tools used for collaboration (88.2%).  Each evidence was produced by more than half of the 
students – Figure 12. 
 

 
Figure 12: Project Evidences Produced 

Results and Discussion 
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The paper’s objective was to find out if the proposed AC pedagogy would lead to improved 
student learning experience and benefit.  To do so three pedagogic experiments that are instances 
of the AC model have been reported.  A validated questionnaire was used to find out adherence to 
the laid out AC pedagogic process, improved student learning experience and student benefits. The 
AC process expects students to have accessed and used project resources, project rubric as well as 
interacted with the project mentors.  All three aspects have been reported positively. Data analysis 
indicates that the project orientation should be strengthened as lower percentages of students 
reported receiving resources and rubric during project orientation phase but higher percentages of 
students accessed and used these in the project execution phase. 

  Students reported positively on seeing interconnections between courses, raising the bar 
of content for themselves, engagement with senior students in terms of mentoring which otherwise 
would not have occurred – these indicating of improved student experience beyond lecture-
practical classroom experience.  It is important to note that the incumbent lecture-tutorial-practical 
teaching structure remained intact. Transfer of learning was also observed indicating improved 
student learning experience. Student benefits were observed in terms of self-directed learning 
skills, metacognitive knowledge and regulation practices followed. Working with industry 
standard collaborative tools, acquisition of transferable skills - working on unexpected industry 
problems, ability to apply skills in one domain to another were some employability skills that 
students benefitted from. 

An important benefit of a strengthened teaching organization, as above, was that in 
classroom instruction it introduced a shift from “evaluation” to “assessment”. “Evaluation”, which 
is the tradition in classroom instruction, tests students – instruction seeing them (students) as with 
“collective” requirements -  through “standardized tests”, which aim at knowing what a student 
does not know and which basically assess only verbal and linguistic and logical and mathematical 
intelligences. Against this, acknowledging unique way of each student’s learning, “assessing” aims 
at finding and identifying what a student is good at and (aims at) understanding and mastery of a 
domain of study the student should be engaged (demonstrating) in number of alternate ways leads 
to differentiated assessment. In this context, literature informs that student’s multiple intelligences, 
interest, prior knowledge, motivation, ways of knowing and solving problems, and strategizing & 
managing once own learning, thinking and problem-solving (individual learner local 
environmental and strategy factors that they constitute) lead to individualize learning.  In this 
respect, AC pedagogy provides a foundation to mass-customize instruction, recognize and 
leverage student strengths through differentiated assessment thus providing a mechanism for 
assessing employment readiness right from first year of study. 

The Math-Programming-Machine Learning project showed how instruction can be 
vertically integrated spanning academic years and how junior students doing basic courses can 
benefit from working with senior students doing courses directly relevant to industry by working 
on real-world industry applications. This benefitted junior students because they saw the relevance 
of basic courses, in this case Math and Fundamentals of Programming, in Machine Learning.  
Senior students similarly benefitted by refreshing their Math concepts because of having junior 
members who can be called upon for math skills relevant to Machine Learning as well can 
contribute to programming aspects of project. Both benefitted by improvement in Long Term 
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Memory for application in future once the studies are completed as well as empowering themselves 
for employability skills futures’.  
 
Conclusion 
 

Thus, the ability to produce highly complex instructional designs with powerful pedagogies 
and turn content, delivery and assessment into real world relevant learning outcomes using 
convergence technology enabled learning technology, i.e., Educational Technology (ET) as 
information delivery system is creating for institutions and their classrooms a new Teaching-
Learning (T-L) interplay language for Futures’ Skills for Work-Wide-Work-Long Learning (3WL) 
leading to improved student experience and employability. 

The research investigation was seen from different angles; namely: (i) general learning 
principles, always in operation during T-L interplay, as well as subject domain specific learning 
principles of T-L interplay, in operation during certain phases, (ii) Learning-Work integrating 
social pedagogy design and implementation to shape the learning environment to leverage learners 
value stream model (VSM) based collaborative work flows, and (iii) ET used as information 
delivery system by the environment for benefit and improved learning experiences for recipients 
(customers, learners). To this end, the university envisions a spectrum of academic and 
professional communities, which in distributed and decentralized manner networks and engages 
as “partners and small-collaborative-workflow-groups” in different facets of the above research-
query-investigation using ET as information delivery system. Because using ET (Internet 
included) usually requires small groups to work independently, they need to be instructed 
(empowered) – enter the T-L processes - in independent work, self-directed learning and learning 
strategically. Without this instruction the small collaborative workflow groups negate the learning 
and engagement integral to ET activities – be in classrooms or at workplaces, and may even, to 
the detriment of learning (or business) objective, become obstacles in delivering futures’ 
performance; in turn making stakes too high for their empowerment. 

We emphasize on the nature of the projects and say that they have to be drawn from the 
industry or society – the latest unsolved challenges, solving which creates immense value to the 
end customers, expressed in terms students can relate to, interdisciplinary in nature, sufficiently 
large in scope for group work. Using ET as information delivery system leads to implementation 
of differentiated content, delivery and assessment leading to mass-customization of instruction. 
Convergence technologies enable conversations both within the team, with the extended teaching 
network and the customer, messaging, a safe place for students to voice ideas and concerns, give 
and take feedback, discuss plans and actions, humour as well as all project-related work in one 
place with traceability – who did what, when, how and where. The academic course content bar 
was raised by leveraging metacognitive strategies. Project teams competitively participated in 
league matches, which in turn facilitates leveraging pedagogically built constructive conflicts 
demonstrating deliverance of higher order learned content. Strengthening teaching organization 
by constituting the Course Teacher as a “Teacher Team” leading to a connectomnal instruction 
organization provides effective engagements for weak student performance improvement both 
academic and professional skills – strategically learning gains here are maximum. Assessment 
should be formalized so that it can be added to the student transcript in terms of employability 
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skills acquired. This in turn can be used for placements mapping. The above is amenable to 
intelligent automation and contribute to the field of learning analytics. Faculty orientation for 
understanding and executing the Additive Curriculum model has to become part of HE processes 
and can lead to effective scaling of the process. 
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