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“The most valuable of all capital is that
invested in human beings.”
- Alfred Marshall, Principles of Economics
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Preliminaries



Contingent Work Defined (1/2)

• Started to grow from the mid-’80s; market for direct and
immediate services

• “Freelancing” as source of employment

• Today, rising participation in labour market platforms or
LMPs like Zennya, MyKuya, Amazon Turk and participation
requirements are minimal except for technical proficiency for
driving a vehicle as required by the nature of chosen task class
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Contingent Work Defined (2/2)

• Access to technology and connectivity creates job market
opportunities through contingent work

• Prior experience generally not required except for specialised jobs
that require specific skills or past experience
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Zennya: From Zero to Wellness Expert In No Time

• Started as a masseuse on-call app that matches nearby masseuse
with customers requiring common massage therapies

• Roadmap: a suite of holistic health and wellness services
on-the-go

• Service providers or partners have no prior experience.
Combination of on-site training prior to deployment and
AI-powered learning in two-dimensional tiers based on individual
capacity to learn horizontally and vertically; from zero to
expert health and wellness provider
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MyKuya: From Billiard Halls to BGC (1/2)

• Ambition to generate 1,000,000 jobs by 2022 borne by the
founders desire to address what to them is the root cause of
poverty, unemployment
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MyKuya: From Billiard Halls to BGC (2/2)

• Recruitment at the grassroots, initial training and basic
connectivity suite (mobile device) and they are deployed to
geo-located tasks that do not require special skills or tools, e.g.,
food ordering, shopping, cleaning, deliveries, or even falling in line
for the customer

• Regular feedback mechanism from customers through the app
increase reputation as indicators of reliability and efficiency

• MyKuya partners train on their device (via AI) for higher-order
tasks, e.g., customer handling skills
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Observations from Contingent Work Trends: Learning to
Adapt and Earn (1/2)

• Initial training provided by the company

• Personal research aided by artificial intelligence and algorithm,
search platforms

• Combination of regular training + AI-powered progressive
learning (horizontal and vertical)
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Observations from Contingent Work Trends: Learning to
Adapt and Earn (2/2)

• Hands-on experience, gaining even more expertise over time +
customer feedback as a form of learning reinforcement

• “Tricks of the trade” via socialisation with peers as more join the
trade

• Something to ponder on: but something must have been built in
the partner, ‘hard-wired’: innately human attributes like
empathy, perseverance, compassion? These must have a source
not exclusively gained simply out of working
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Brown Model (2012)

• Information navigation: discovery and connecting the dots

• Reasoning bricolage: discovery then repurposed for another
purpose based on judgment

• Learning in situ of action or immediate results
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Connectivism: A Learning Theory for the Digital Age

• Fluidity of learning and working; not separate phenomena but
interconnected

• Role of networks and communities of learning

• Chaos of learning: identify patterns and creation of new meanings

• Continuous cycles of sharing and accumulation of learning from
individual to individual to network and back
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Welcome to Industry 4.0 or the 21st-Century Workplace

Industry 4.0

• An era “characterised by a range of new technologies that are
fusing the physical, digital, and biological worlds, impacting all
disciplines, economies , and industries, and even challenging ideas
about what it means to be human” (Schwab, 2016)

• A dearth in widely accepted literature on the definition of digital
transformation, digitalisation and of the new industry: playing
catch-up.
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Industrial Revolutions in Retrospect

Table 1: Industrial Revolutions in Retrospect

Industrial Era General Purpose Technology Characteristic

1760-1840 (1.0) Railroads and steam Mechanical production
Late 19th c to Early 20th c (2.0) Electricity and the assembly line Mass production
1960s to 2008 (3.0) Semiconductor and computing Digital communications

2010 to present Mobile connectivity, IoT, AI and machine learning Cyber-Physical Systems

Source: Schwab, K. (2016) The Fourth Industrial Revolution. Geneva: World Economic Forum.

Some key qualitative take-aways

• Resilience and creativity: key in adapting to disruptive technological changes
• The power of human capital to enable labour with the competitive advantage in the midst of
transformative changes

• Learning: indisputably human ability that allows adjustment; without it, obsolescence and redundancy
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Labour Market Disruption Predicted. . . and it is already
happening!

• About 47% of total employment in the US is at risk of losing to
automation and/or AI. (Frey and Osborne, 2013)

• The World Economic Forum predicts that 35% of core job skills
will change or would be wholly transformed by 2020. (The
Future of Jobs Report 2018, World Economic Forum, 2018)

• Roughly over half the world’s jobs are not stable given the
impact of disruption. Yet, unlike past industrial revolutions,
studies show that the new industry is relatively slower at creating
new job opportunities. (Schwab, 2018)
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900,000 jobs from the PH BPO industry alone
are at risk of obsolescence or redundancy due

to automation and AI.
(The Hungry Workhorse study, 2018)
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Motivation for the Theoretical
Work on Human Capital



Celebrated Models of Human Capital:
Are they Industry 4.0-ready?

• Basic agenda of a rational individual: investing in human capital
to maximise present value of lifetime earnings

• Empirical evidence for non-cognitive skills not reflected in most
human capital models except as H0, the initial human capital
endowment

• Individual’s learning patterns have changed from the 1960s:
except in Killingsworth (1982), LBD and self-study are not
reflected
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Ben-Porath Model (1967): Tractable Yet Limiting

Ω =

∫ T

t
A [1− s (t)] h (t) e−rt dt (1)

This shows that an individual can get training over the course of a
lifetime. The model shows, however, that decisions to produce human
capital is a distinct phenomenon from the production of work, where
such fraction of time 1− s(t) directly reduces income potential.

Let δ ≥ 0 be the depreciation of the human capital, law of motion is
thus defined by:

ḣ (t) = θg [s (t) h (t)] − δh (t) (2)

where g ′ > 0 and g ′′ < 0 thus showing that the accumulation of
human capital partially through training decisions and partially
through working but not jointly.
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Becker Model (1962): On-the-Job Training Still Relevant

In a competitive equilibrium, an individual has an interest in investing
in general training: ∫ T

t
y (i) e−rtdt = y(i)/r . (3)

as long as the marginal discounted return y ′(i)/r > marginal cost.
A firm, on the other hand stands to benefit from investing in specific
training: ∫ T

t
[y (i) − w ] e−rtdt − i =

{
[y (i) − w ]

r

}
− i (4)
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Killingsworth’s Synthesis (1982):
The Role of Experience (1/3)

Job-Choice Framework

Ḣ (t) = j [F (t)W (t)M (t)] − δH(t) (5)

where j(0) = 0, j ′ > 0 and δ is the depreciation rate, M(t) is the
fraction of time spent on the job, F (t) is the index between 0 and
unity contrasting pure work and pure ‘study’ on the job, W (t) is the
productive time directly related to generating earnings.
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Killingsworth’s Synthesis (1982):
The Role of Experience (2/3)

Time Allocation Model

Ḣ (t) = n (I (t) , H (t)) − δH(t) (6)

addresses the possibility that n(0,K ) = 0 where no time is invested on
training and H is considered “self-productive”.
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Killingsworth’s Synthesis (1982):
The Role of Experience (3/3)

The Experience Model

Ḣ (t) = x (M (t) ,H (t)) − δH(t) (7)

where the individual is learning from work itself and accumulates
aggregate experience over t with x(0,H(t)) = 0, xi > 0, xii < 0,
i = M,H.
Pure Experience model presents time invested in H and M are equal
given that work is equal to experience. Investments in direct training
are zero in this model.
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Opportunity: A Unifying Model for the 21st-Century Industry

Models establish the opportunity to update our theory of human
capital which:

• treats Learning-by-Doing as an endogenous source of human
capital accumulation, effectively solving the constrained s(t)

condition in classic models of Becker and Ben-Porath

• accounts for ‘novel’ sources of learning not yet accounted for in
our models of human capital, e.g., the role that network
externalities plays and the development of soft skills from birth
and over a lifetime
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Preliminary Response to the
Opportunity



Non-Cognitive Skills or ’soft skills’ (1/2)

• Several works of Heckman and Kautz show evidence of demand
for soft skills in the workplace that is consistent with a recent
survey that showed over 92% of 900 executives rank soft skills to
be equally important or even more important than
technical skills, years of schooling, and test scores.

• Empirical evidence proves the critical role of personality traits,
goals, motivations in determining success; determinants not
traditionally captured by measures of cognition (Heckman and
Kautz, 2012; Kautz et al., 2014)
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Non-Cognitive Skills or ’soft skills’ (2/2)

• Ranking high: conscientiousness, perseverance, sociability,
curiosity. Evidence shows non-cognitive skills are themselves a
product of investment, experience and parental human capital
(Becker and Tomes, 1994; Kautz et al., 2014)

• Opportunity: to introduce a non-depreciating parameter
accounting for the explicit development of soft skills as something
that is gained from an investment or production of human
capital, Υ(t)
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The Role of the Network

• Network externalities (cf. Rohlfs, 1974) is consistent with the
learning patterns of individuals today, i.e., connectivism supports
this approach (cf. Siemens, 2005; Brown 2000; Pellegrino et al.,
2012).

• A variable N(t) can be added to our model which represents the
network effects of learning; that is, the more individuals
participate in the production of human capital, i.e., knowledge,
the greater the human capital is accumulated.
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Preliminary Unifying Model of Human Capital

Following our syntehsis, so far:

Ḣ (t) = Q[(H (t) , I (t) , M (t) , N (t)) − δH (t)] + Υ (t) (8)

Model incorporates novel sources of human capital stock consitent
with 21st-century demands

• Learning-By-Doing is intrinsic to the model along with
conventional sources of training

• N(t), network externalities to represent the community of other
learners in which an individual is a part of

• Υ (t), the parameter for soft skills
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Next Steps: Enhancing Our Model of Human Capital (1/2)

• Further derivations on N(t) to establish N∗(t) parameters or
determinants of network externalities using logistic function

• Determine whether N(t) would have a catalysing effect on human
capital stock accumulation in terms of flow rate for every
additional individual added to the network

28 / 37



Next Steps: Enhancing Our Model of Human Capital (1/2)

• Further derivations on N(t) to establish N∗(t) parameters or
determinants of network externalities using logistic function

• Determine whether N(t) would have a catalysing effect on human
capital stock accumulation in terms of flow rate for every
additional individual added to the network

28 / 37



Next Steps: Enhancing Our Model of Human Capital (2/2)

• Incorporating an initial human capital endowment, H0 and
parametising Υ (t); address challenge of incorporating in the
same model where there are different timeframes to be considered

• Optimality under generalised conditions in the new model of
human capital identifying stable state parameters and its
conditions

• Optimal control theory applied across all the models and
subsequent derivations for endogenous sources of human capital
stock

29 / 37



Next Steps: Enhancing Our Model of Human Capital (2/2)

• Incorporating an initial human capital endowment, H0 and
parametising Υ (t); address challenge of incorporating in the
same model where there are different timeframes to be considered

• Optimality under generalised conditions in the new model of
human capital identifying stable state parameters and its
conditions

• Optimal control theory applied across all the models and
subsequent derivations for endogenous sources of human capital
stock

29 / 37



Next Steps: Enhancing Our Model of Human Capital (2/2)

• Incorporating an initial human capital endowment, H0 and
parametising Υ (t); address challenge of incorporating in the
same model where there are different timeframes to be considered

• Optimality under generalised conditions in the new model of
human capital identifying stable state parameters and its
conditions

• Optimal control theory applied across all the models and
subsequent derivations for endogenous sources of human capital
stock

29 / 37



Possible Extensions



Potential Contributions of a Unified Human Capital Model
(1/2)

• Parental Human Capital and its role in determining the social
mobility of the individual given the new model using OLG

• Learning as a public good: analysing the centrality of a culture of
learning in economic growth using DSGE
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Potential Contributions of a Unified Human Capital Model
(2/2)

• Human Capital Policy review and the necessary updating of the
economy’s sources of innovation and modernised inovation
systems required in Industry 4.0

• Firm-level policy review for Human Resource Management
applications

31 / 37



Potential Contributions of a Unified Human Capital Model
(2/2)

• Human Capital Policy review and the necessary updating of the
economy’s sources of innovation and modernised inovation
systems required in Industry 4.0

• Firm-level policy review for Human Resource Management
applications

31 / 37



#humancapitalistheway
Thank you,
@pauljohnpena

Graduate School of Economics
De La Salle University–Manila
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