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Abstract- The modernization of technical learning centers 

has become an urgent priority for national systems of skill 

formation. Technological change has compressed the half-

life of technical knowledge, the configuration of work has 

shifted toward hybrid, project-based, and data-intensive 

forms, and employers increasingly report mismatches 

between the competencies produced by conventional 

technical and vocational institutions and those required by 

contemporary practice. This review advances a strategic 

framework for industry-academia collaboration aimed at 

modernizing technical learning centers in a manner that is 

pedagogically sound, economically defensible, and 

institutionally sustainable. Drawing on the scholarship of 

triple-helix theory, engineering and technical education, 

situated and experiential learning, communities of 

practice, technology transfer, and the economics of skill 

formation, the framework articulates four strategic pillars: 

(1) curricular co-production, through which employers 

and educators jointly define, update, and assess the 

competencies taught; (2) boundary-spanning 

infrastructure, which provides the physical, digital, and 

institutional spaces where joint activity can occur; (3) 

embedded work-integrated learning, which organizes 

authentic workplace experience as a core element of the 

curriculum rather than an optional supplement; and (4) 

shared governance and investment, which aligns the 

accountability structures and financial commitments of 

participating institutions to sustain the partnership over 

time. The framework is offered as a conceptual integration 

of existing evidence rather than as an empirical case, and 

it is designed to support policymakers, leaders of technical 

institutions, employer organizations, and funders seeking 

to translate the promise of industry-academia 

collaboration into durable institutional practice. 
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I. INTRODUCTION 

 

Technical learning centers—polytechnics, community 

and technical colleges, vocational institutions, 

engineering departments, and non-degree 

credentialing bodies—sit at the core of modern 

systems of skill formation. They carry responsibility 

for the competencies on which advanced 

manufacturing, energy, construction, digital services, 

and health systems depend, and they mediate the 

transitions of millions of students each year from 

schooling to employment (Billett, 2011; Felder and 

Brent, 2016; UNESCO, 2016). Over the past two 

decades, the demands placed on these institutions have 

risen on multiple fronts simultaneously. Technological 

change has accelerated; industrial work has shifted 

toward data-intensive, project-based, and hybrid 

forms; and employers in many jurisdictions report that 

the competencies produced by traditional technical 

education no longer match the profiles they require 

(OECD, 2017; World Bank, 2019; Becker, 2018). 

The response to these pressures has been uneven. 

Some technical learning centers have entered into 

deep, multi-decade partnerships with industry, 

adapting their curricula, laboratories, and pedagogies 

to reflect industrial practice; others have continued to 

operate with pedagogical models and equipment 

portfolios that have not meaningfully evolved in a 

generation. Between these extremes lies a broad 

middle ground of institutions whose partnerships with 

industry are genuine but episodic, whose 

modernization depends on the energy of specific 

leaders, and whose arrangements remain fragile in the 

face of staff turnover, budget cycles, or shifts in policy 

priority (Ankrah and Al-Tabbaa, 2015; Perkmann et 
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al., 2013). This variability is a problem, because the 

cumulative quality of a national skill formation system 

depends on the average performance of its institutions, 

not only on the performance of its best-known cases. 

The purpose of this paper is to advance a strategic 

framework for the modernization of technical learning 

centers through industry-academia collaboration. The 

framework is not a description of a particular 

partnership and not a prescription for the adoption of 

a specific program model. It is a conceptual synthesis 

that identifies the underlying pillars on which durable, 

effective, and pedagogically sound collaboration rests, 

and it is organized so that leaders of technical 

institutions, employer organizations, and public 

authorities can use it diagnostically. The central 

argument is that modernization which rests on any 

single pillar in isolation—however well executed—

will remain fragile; modernization that coordinates 

investment across the four pillars described later in 

this paper has the structural conditions for 

sustainability. 

Several trends make this argument especially timely. 

First, the digital transformation of work has 

compressed the half-life of specific technical 

knowledge, so that curricula that are stable for a 

decade can no longer be assumed to produce currently 

employable graduates (OECD, 2017; Brynjolfsson 

and McAfee, 2014). Second, many of the 

competencies now in demand are hybrid in nature—

combining domain knowledge with data literacy, 

project management, and communication skills—and 

these hybrid competencies are particularly difficult to 

develop without structured exposure to authentic 

practice (Sheppard, Macatangay, Colby, and Sullivan, 

2009; Billett, 2011). Third, public finances in many 

countries are constrained, and the cost of maintaining 

modern laboratories, simulation facilities, and digital 

infrastructure across every technical institution from 

public funds alone has become implausible; this makes 

the sharing of infrastructure between industry and 

academia both pedagogically attractive and 

economically necessary (World Bank, 2019; Lundvall, 

2016). Fourth, employers face demographic, 

competitive, and technological pressures that give 

them stronger reasons than in previous decades to 

participate actively in the formation of their future 

workforce rather than relying on externally supplied 

labor markets (Becker, 2018; Autor, 2015). 

These converging pressures have produced, in many 

countries, a significant body of policy 

experimentation. National governments and regional 

authorities have launched programs to incentivize 

university-industry collaboration, to establish sector 

skills councils, to support degree apprenticeships, to 

cofund technical institutions, and to build innovation 

districts around clusters of educational and industrial 

activity (OECD, 2017; Mitra, 2017; European 

Commission, 2017). The empirical and theoretical 

literature that describes these experiments has grown 

in parallel, drawing on triple-helix theory, the 

economics of knowledge production, the sociology of 

boundary objects, and the pedagogy of situated 

learning (Etzkowitz and Leydesdorff, 2000; Perkmann 

et al., 2013; Wenger, 1998). A framework capable of 

organizing this literature for strategic use therefore has 

both practical and scholarly value. 

The paper is organized in the following sequence. 

Section 2 situates contemporary industry-academia 

collaboration in its historical context, sketching the 

shifts in the purposes of technical education from 

apprentice traditions through the rise of the 

polytechnic and the modern university. Section 3 

reviews the theoretical foundations on which a 

framework can rest, drawing principally on triple-

helix theory, situated and experiential learning, 

communities of practice, and the economics of skill 

formation. Section 4 articulates the modernization 

challenge as it confronts technical learning centers 

today, identifying the main sources of mismatch 

between the centers and the industries they serve. 

Section 5 develops the four-pillar framework and 

discusses the interaction between the pillars. Section 6 

examines implications for practice. Section 7 

acknowledges the boundary conditions and limitations 

of the argument, and Section 8 concludes. 

Two clarifications about scope are in order. First, the 

framework addresses technical learning centers in the 

broad sense—including polytechnics, technical 

colleges, certain applied universities, and substantial 

credentialing institutions—and is not confined to any 

single national system. National institutional 

configurations differ sharply, and the translation of the 

framework into specific systems will require local 

adaptation (UNESCO, 2016; World Bank, 2019). 

Second, the framework is oriented to the 

modernization of existing centers rather than to the 
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greenfield establishment of new institutions. The 

principles apply in both settings, but the political 

economy of institutional change in established centers 

is sufficiently distinctive to warrant separate 

treatment, and most of the practical demand for 

strategic guidance is in the modernization context 

(Perkmann et al., 2013; Ankrah and Al-Tabbaa, 2015). 

It is worth making explicit at the outset what this paper 

does not claim. It does not claim that industry-

academia collaboration is a universal or sufficient 

answer to the challenges facing technical education; 

there are domains and settings in which other 

institutional arrangements will be more appropriate, 

and even within collaboration, there are failure modes 

that must be acknowledged and managed 

(Leydesdorff, 2012; Bruneel, d'Este, and Salter, 2010; 

Geuna and Muscio, 2009). It does not claim priority 

over the normative debates about the broader purposes 

of education, which include purposes beyond 

employment and which are rightly contested in every 

national system (Grubb and Lazerson, 2004; Trow, 

1973; Brown, Lauder, and Ashton, 2011). It does not 

claim that its pillars exhaust the important dimensions 

of modernization; other important dimensions—

teacher recruitment and development, student 

financial support, governance reform at the level of 

ministries of education, and the regulatory framework 

of accreditation—lie outside its primary scope and 

receive attention in the broader literature (UNESCO, 

2016; World Bank, 2019; NAE, 2018). What the paper 

does claim is that, within the domain of industry-

academia collaboration, a coherent and defensible 

framework can be built that organizes existing 

scholarship and supports practical strategic decision-

making across a variety of institutional and national 

contexts. 

II. THE HISTORICAL AND INSTITUTIONAL 

CONTEXT 

2.1 From apprenticeship to the polytechnic to the 

modern research university 

The relationship between industry and technical 

learning has been intimate since before the emergence 

of formal technical education. Apprenticeship 

systems, the ancestor of modern work-integrated 

learning, organized the transfer of craft competence 

through structured immersion in the workplace, with 

master craftsmen carrying the dual responsibility of 

production and pedagogy (Wenger, 1998; Lave and 

Wenger, 1991). With industrialization, the volume and 

complexity of technical knowledge outgrew what 

could be transmitted through apprenticeship alone, and 

the polytechnic emerged in Europe and then in North 

America as an institutional form designed to 

systematize technical education at scale (Noble, 1977; 

Grubb and Lazerson, 2004). The modern research 

university, meanwhile, evolved from a different 

trajectory in which the pursuit of basic knowledge was 

partially insulated from immediate industrial 

application, although that insulation was never 

absolute (Clark, 1998; Etzkowitz, 2008). 

These distinct institutional lineages produced, by the 

second half of the twentieth century, a differentiated 

ecology in which technical colleges and polytechnics 

took primary responsibility for the formation of skilled 

practitioners, universities for theoretical and design-

oriented preparation, and firm-internal training for the 

final shaping of job-ready personnel (Grubb and 

Lazerson, 2004; Billett, 2011). Each element of this 

ecology had its own logics of success and its own 

pathologies, but the ecology as a whole functioned 

reasonably well under conditions of technological 

stability. When technology began to change more 

rapidly in the 1980s and 1990s, the fit between 

elements of the ecology deteriorated. Firms found that 

their internal training apparatus could no longer 

assume a stable flow of pre-prepared graduates; 

technical colleges found that the equipment and 

practices they taught were increasingly disconnected 

from contemporary practice; and universities found 

themselves under pressure to demonstrate more direct 

connections between their research and economic 

outcomes (Etzkowitz and Leydesdorff, 2000; Mowery 

and Sampat, 2005; Perkmann et al., 2013). 

These disruptions produced the contemporary era of 

industry-academia collaboration as a self-conscious 

institutional project. Its features include the formal 

articulation of university-industry partnerships, the 

rise of technology transfer offices, the systematization 

of work-integrated learning, the emergence of degree 

apprenticeships and co-op programs at significant 

scale, and the public policy attention devoted to 

ensuring that technical learning centers continue to 

produce employable graduates at pace with 
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technological change (Mowery and Sampat, 2005; 

Ankrah and Al-Tabbaa, 2015; Mitra, 2017). 

It is useful to note how this trajectory differed across 

national systems, because the differences carry into 

the present. The German dual system, grounded in 

statutory apprenticeship for a substantial share of 

young people and supported by social-partnership 

arrangements between employers and unions, 

embedded industry-academia collaboration into the 

institutional foundations of skill formation in ways 

that proved remarkably durable (Deissinger, 2015; 

Bosch and Charest, 2010; Busemeyer and Trampusch, 

2012). In contrast, the Anglo-American tradition, 

dominated by voluntary employer engagement and 

market provision, produced more variable patterns of 

partnership that tended to depend on the initiative of 

particular firms and institutions (Brown, Lauder, and 

Ashton, 2011; Culpepper, 2003; Grubb and Lazerson, 

2004). The Nordic tradition developed a third pattern 

in which comprehensive state provision was combined 

with sustained policy attention to the alignment of 

technical education with innovation priorities 

(Lundvall, 2016; Nelson, 1993). These national 

architectures set the conditions under which 

contemporary modernization efforts unfold, and they 

shape the kinds of industry-academia arrangements 

that are feasible in each setting. 

2.2 The trajectory of technical and vocational 

education 

Technical and vocational education has undergone its 

own evolution during this period. The twentieth-

century vocational tradition, particularly in North 

America, developed under the long shadow of a status 

distinction between academic and vocational tracks, 

with the latter frequently under-invested and 

stigmatized (Grubb and Lazerson, 2004; Kincheloe, 

1999). The reform movements of the late twentieth 

and early twenty-first centuries—sometimes described 

under the banner of career-and-technical education, 

polytechnic renewal, or professional education—

sought to address this inheritance by raising academic 

rigor, aligning with industry standards, and 

emphasizing pathways that led to both immediate 

employability and continuing education (Bailey, 

Smith-Jaggars, and Jenkins, 2015; Grubb, 2006). In 

Europe and parts of Asia, dual-education models that 

integrate school-based and workplace-based learning 

have achieved substantial institutional entrenchment 

and are often cited as exemplars of how to align 

technical education with labor market needs 

(UNESCO, 2012; Billett, 2011; Wolf, 2011). 

These reform movements have produced a large and 

useful literature on what effective technical education 

looks like. Common themes include the integration of 

theory and practice, explicit attention to the 

development of problem-solving and professional 

skills alongside technical content, sustained contact 

with authentic workplaces and workplaces-like 

settings, and pedagogical approaches that are active, 

inquiry-driven, and grounded in tasks that have real-

world significance (Sheppard, Macatangay, Colby, 

and Sullivan, 2009; Felder and Brent, 2016; Prince and 

Felder, 2006). These themes converge, significantly, 

with the themes identified in the industry-academia 

collaboration literature, and both literatures are drawn 

upon in the framework developed later in this paper. 

2.3 The strategic turn in employer engagement 

A specific trend in the past decade deserves notice: the 

increasing strategic interest in workforce development 

on the part of large employers. Demographic change, 

competitive pressure, and the difficulty of recruiting 

specific technical profiles in open labor markets have 

led many firms to invest more heavily in the formation 

of their future workforce, often through structured 

partnerships with specific technical institutions 

(Becker, 2018; World Economic Forum, 2018; OECD, 

2017). This shift has altered the balance of 

contribution in industry-academia collaboration; 

where in earlier decades academic institutions 

sometimes struggled to attract sustained employer 

interest in vocational content, the present period is 

marked by significant employer investment and by a 

willingness, among at least the most strategically 

oriented employers, to participate actively in 

curriculum design, laboratory investment, and student 

mentorship (Ankrah and Al-Tabbaa, 2015; Perkmann 

et al., 2013; Mitra, 2017). 

III. THEORETICAL FOUNDATIONS 

3.1 Triple-helix theory and its extensions 

The triple helix model of university-industry-

government relations, developed most 
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comprehensively by Etzkowitz and Leydesdorff, 

offers a foundational lens for industry-academia 

collaboration in technical education. The model 

characterizes knowledge-based economies as products 

of the overlapping spheres of academia, industry, and 

government, with each sphere increasingly taking on 

functions historically associated with the others 

(Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2008). 

Universities in the triple-helix view become active 

agents in regional economic development, industry 

undertakes training and research that mimic academic 

practice, and government creates the incentive 

structures and public goods that enable both. Applied 

to technical learning centers, the triple-helix 

framework provides a language for describing the kind 

of collaboration required: not transactional, not 

episodic, but constitutive of the way each institution 

sees its own mission (Leydesdorff and Etzkowitz, 

1996; Leydesdorff, 2012). 

Subsequent scholarship has extended and refined the 

triple helix. Carayannis and Campbell (2009) have 

proposed a quadruple helix that adds civil society to 

the classical triad, emphasizing the role of citizens and 

non-governmental actors in the contemporary 

innovation system; others have described further 

extensions (Carayannis, Barth, and Campbell, 2012). 

While these extensions add nuance, the core triple-

helix insight remains powerful for technical education: 

modernization requires interactions among academy, 

industry, and government that are substantive rather 

than nominal, and that are institutionalized so as to 

survive leadership turnover and budget cycles 

(Etzkowitz, 2008; Mowery and Sampat, 2005). 

3.2 Situated and experiential learning and 

communities of practice 

The pedagogical foundations of industry-academia 

collaboration in technical education rest heavily on 

theories of situated and experiential learning. Lave and 

Wenger (1991) advanced the concept of situated 

learning as the proposition that knowledge is acquired 

through participation in communities of practice, and 

that the context in which learning occurs is not a 

peripheral but a constitutive feature of what is learned. 

Wenger (1998) extended this into a more fully 

developed account of communities of practice, tracing 

how meaning, identity, and competence are produced 

jointly within communities and how learning 

trajectories can be designed to leverage this. Kolb 

(1984) had earlier formalized the cycle of experiential 

learning that organizes the pedagogical sequence of 

concrete experience, reflective observation, abstract 

conceptualization, and active experimentation, in a 

way that strongly informs the design of work-

integrated curricula (Kolb, 1984; Kolb and Kolb, 

2005). 

These traditions converge on the proposition that 

effective technical education cannot be accomplished 

purely through classroom instruction. Competence in 

contemporary technical fields is produced through 

structured participation in authentic practice, 

accompanied by opportunities for reflection and 

abstraction that turn experience into generalizable 

knowledge (Schön, 1983; Billett, 2011). This has 

strong implications for how industry-academia 

partnerships should be designed. Work-integrated 

learning that is tacked onto the curriculum as a 

capstone or as an elective is likely to produce weaker 

outcomes than work-integrated learning that is 

structured across the curriculum, with explicit 

pedagogical scaffolding that helps learners translate 

their workplace experience into conceptual mastery 

(Sheppard, Macatangay, Colby, and Sullivan, 2009; 

Billett, 2011; Eraut, 2004). 

The concept of boundary objects, introduced by Star 

and Griesemer (1989) and developed within the 

sociology of science and technology, provides a 

further valuable construct. Boundary objects are 

artefacts—standards, prototypes, data sets, shared 

facilities—that can be understood differently by 

participants from different communities while still 

serving as effective vehicles for coordination across 

them. Industry-academia collaborations rely heavily 

on boundary objects: shared laboratories, industry-

standard equipment, joint student projects, 

competency frameworks co-authored by employers 

and educators. Careful design and stewardship of these 

boundary objects is central to the effectiveness of any 

collaboration (Carlile, 2004; Wenger, 1998; Star, 

2010). 

Related developments in cognitive apprenticeship and 

activity theory offer further pedagogical resources. 

The cognitive apprenticeship tradition extends the 

apprenticeship metaphor from physical skill to 

cognitive and professional practice, emphasizing that 
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expert thinking itself is learned through observation, 

modelling, coaching, and progressive independence in 

authentic problem settings (Collins, Brown, and 

Holum, 1991; Brown, Lauder, and Ashton, 2011). 

Activity theory, grounded in the work of Engeström 

and colleagues, treats learning as a property of activity 

systems rather than of individuals alone, and provides 

analytical tools for understanding the contradictions 

and transformations that arise when communities with 

different histories and practices are brought together in 

a joint educational endeavour (Engeström, 2001; Orr, 

1996). Both traditions underscore that industry-

academia partnerships are environments in which 

distinct communities of practice must learn to work 

together, and in which the quality of the learning 

depends on how their differences are recognized and 

bridged (Engeström, 2001; Wenger, 1998; Carlile, 

2004). 

3.3 The economics of skill formation 

A third theoretical input into the framework is the 

economics of skill formation, a tradition that has 

developed significantly in the past four decades and 

that provides analytical tools for reasoning about the 

investment decisions that surround industry-academia 

collaboration. Becker's (1964; 2018 edition) 

distinction between general and specific human capital 

remains foundational: firms are predicted to under-

invest in general skills whose value is transferable to 

competitors, and the resulting market failure is a 

central rationale for public and collective investment 

in technical education (Becker, 2018; Stevens, 1999). 

Later work has complicated the picture by showing 

that the boundary between general and specific skills 

is more permeable than the original theory assumed, 

that labor market frictions can support substantial 

firm-level investment in apparently general skills, and 

that collective institutions such as sector skill councils 

can alleviate coordination problems that no individual 

firm can solve (Acemoglu and Pischke, 1999; 

Busemeyer and Trampusch, 2012; Culpepper, 2003). 

Applied to technical learning centers, this body of 

work provides a language for understanding why 

sustainable industry-academia partnerships require 

arrangements that solve collective action problems. 

Individual firms may be willing to participate in a 

technical college's curriculum modernization, but 

unless others participate as well, the investment 

becomes unattractively bilateral and free-riding can 

erode participation. Arrangements such as industry 

advisory boards, sector skill councils, employer-

funded training levies, and public-private cost-sharing 

schemes can stabilize collaboration precisely by 

addressing the collective action problem (Busemeyer 

and Trampusch, 2012; Culpepper, 2003; Streeck, 

1989). 

A further strand of economic thinking relevant to the 

framework concerns the characteristics of skill 

portfolios under technological change. Autor (2015) 

and related work argue that technological change does 

not simply eliminate jobs but reshapes the mix of tasks 

that constitute them, typically in the direction of 

greater complementarity between technical 

competence and distinctively human skills such as 

judgment, communication, and adaptive problem-

solving. The implication for technical learning centers 

is that curricula which concentrate narrowly on current 

technical content risk producing graduates whose 

competencies become obsolete as the task mix 

evolves, while curricula that balance domain 

knowledge with broader skills of learning-to-learn, 

problem framing, and collaborative work are better 

positioned to support durable careers (Autor, 2015; 

OECD, 2017; Brown, Lauder, and Ashton, 2011). This 

consideration reinforces the case developed later in the 

paper for curricular breadth within industry-academia 

collaborative arrangements. 

3.4 Innovation systems 

A final theoretical input comes from the literature on 

innovation systems, which treats the creation and 

diffusion of technological knowledge as a property of 

a networked system that includes firms, educational 

institutions, public research organizations, regulators, 

and financial intermediaries (Lundvall, 2016; 

Freeman, 1987; Nelson, 1993). The innovation 

systems literature is useful for technical education 

because it emphasizes the systemic nature of 

capability building: a technical learning center that is 

poorly connected to firms, public research institutes, 

or financial support for students and learners will 

produce weaker outcomes than a similar center 

embedded in a dense network of such institutions 

(Lundvall, 2016; Cooke, 2001). The innovation-

systems view also reinforces the triple-helix emphasis 

on government as an architect of incentives and public 



© DEC 2019 | IRE Journals | Volume 3 Issue 6 | ISSN: 2456-8880 

IRE 1717208          ICONIC RESEARCH AND ENGINEERING JOURNALS 571 

goods that shape whether partnerships emerge and 

how sustained they are (Etzkowitz and Leydesdorff, 

2000; Mowery and Sampat, 2005). 

IV. THE MODERNIZATION CHALLENGE 

4.1 Dimensions of the challenge 

The modernization challenge facing technical learning 

centers has several interlocking dimensions. The first 

is curricular relevance: the competencies required by 

contemporary technical practice evolve continuously, 

and institutions that update their curricula only at 

multi-year intervals produce graduates whose 

knowledge is already dated at graduation (Felder and 

Brent, 2016; OECD, 2017). The second is pedagogical 

modernization: active, inquiry-driven, and problem-

based approaches are now well-established as more 

effective for technical learning than the traditional 

lecture-and-laboratory sequence, but institutional 

inertia and faculty development challenges mean that 

adoption is frequently incomplete (Prince and Felder, 

2006; Sheppard, Macatangay, Colby, and Sullivan, 

2009). The third is infrastructural: modern technical 

instruction often requires sophisticated equipment, 

software, and simulation facilities that are expensive 

to acquire and maintain (Lundvall, 2016; World Bank, 

2019). The fourth is institutional capacity: the 

administrative, governance, and leadership capacity to 

sustain complex partnerships with multiple industry 

partners is uneven across institutions (Ankrah and Al-

Tabbaa, 2015; Perkmann et al., 2013). 

Each of these dimensions can in principle be addressed 

through industry-academia collaboration, but only if 

the collaboration is structured to do so. Curricular 

relevance can be maintained through co-production of 

curricula with employers, subject to pedagogical 

discipline so that the result is educationally sound and 

not merely reducible to firm-specific training (Billett, 

2011; Perkmann et al., 2013). Pedagogical 

modernization can be supported through joint faculty 

development, co-teaching arrangements, and the 

deployment of industry experts in instructional roles 

alongside academic staff (Felder and Brent, 2016; 

Sheppard, Macatangay, Colby, and Sullivan, 2009). 

Infrastructural gaps can be bridged through shared 

facilities, in-kind equipment contributions, and joint 

investment vehicles (Lundvall, 2016; Etzkowitz, 

2008). Institutional capacity can be built through 

deliberate investment in partnership management 

functions and through the professionalization of the 

staff who steward industry-academia interfaces 

(Perkmann et al., 2013; Ankrah and Al-Tabbaa, 2015). 

A further dimension that deserves attention concerns 

faculty careers and incentives. Academic career 

structures in many technical fields still reward 

research outputs over practice engagement, and 

faculty who invest significant effort in industry 

partnerships can find that this effort is imperfectly 

recognized in promotion decisions (Perkmann et al., 

2013; D'Este and Perkmann, 2011). Where this 

mismatch persists, industry-academia collaboration 

becomes an activity pursued by a minority of faculty 

members at the margin of their academic obligations, 

rather than an integrated element of institutional 

practice. Modernization that takes the four pillars 

seriously must therefore also take career and incentive 

structures seriously, since these structures determine 

which faculty members can participate in partnerships 

and how sustained their participation can be 

(Perkmann et al., 2013; Ankrah and Al-Tabbaa, 2015; 

Mitra, 2017). 

The dimensions of the modernization challenge also 

interact in ways that amplify their difficulty. 

Curricular modernization without corresponding 

pedagogical modernization can produce curricula 

whose content is current but whose delivery remains 

passive; pedagogical modernization without 

infrastructural support can produce active teaching 

methods that lack the technological environment to be 

effective; infrastructural investment without 

institutional capacity can produce expensive facilities 

that are under-used; and institutional capacity without 

clear curricular, pedagogical, and infrastructural 

direction can produce an administrative apparatus that 

sustains itself without generating educational value. 

These interactions reinforce the argument, developed 

below, that the pillars of the framework must advance 

together and that partial modernization strategies are 

liable to underperform (Perkmann et al., 2013; 

Bruneel, d'Este, and Salter, 2010; Ankrah and Al-

Tabbaa, 2015). 
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4.2 Common pathologies of industry-academia 

collaboration 

The modernization challenge is compounded by 

several common pathologies that appear across 

national contexts. A first pathology is the 

personalization of partnership: partnerships that 

depend on a single champion on each side are fragile, 

and the departure of the champion routinely causes the 

collaboration to lose momentum (Ankrah and Al-

Tabbaa, 2015; Bruneel, d'Este, and Salter, 2010). A 

second is the mismatch of timescales: firms often want 

results within the timeframe of a product cycle, while 

educational institutions are structured around multi-

year curricular revisions, and this difference creates 

recurring frustration if not explicitly managed (D'Este 

and Perkmann, 2011; Perkmann et al., 2013). A third 

is the conflation of collaboration with donation: 

industry contributions, when framed and accepted 

purely as philanthropy rather than as the exercise of a 

shared strategic interest, tend to produce shallow, 

commemorative investments rather than substantive 

engagement (Etzkowitz, 2008; Mowery and Sampat, 

2005). A fourth is the absence of shared metrics: 

partnerships that do not agree on what they are trying 

to achieve, and how they will measure it, tend to drift 

into perceptions of mutual disappointment (Perkmann 

et al., 2013; Bruneel, d'Este, and Salter, 2010). 

These pathologies are not inevitable. The framework 

developed in Section 5 is designed to address each of 

them through arrangements that are deliberately 

impersonal, that reconcile timescale mismatches 

through structured planning, that treat industry 

contributions as strategic investments, and that build 

shared metrics into the architecture of the partnership 

from the outset. 

4.3 Equity and access considerations 

A further dimension of the modernization challenge 

concerns equity and access. Technical learning centers 

have historically served, and continue to serve, a more 

socioeconomically diverse student population than the 

most selective universities, and in many systems they 

play an essential role in providing educational 

pathways to students who would otherwise be 

excluded from advanced skills (Bailey, Smith-Jaggars, 

and Jenkins, 2015; Grubb and Lazerson, 2004). 

Industry-academia collaboration that modernizes 

these centers must do so in ways that expand rather 

than constrict access. Partnerships that require 

students to pay significant tuition premiums, or that 

limit benefits to small groups of high-performing 

students while leaving the general student population 

untouched, risk reinforcing existing inequalities rather 

than addressing them (World Bank, 2019; UNESCO, 

2016; Bailey, Smith-Jaggars, and Jenkins, 2015). The 

framework below treats equity as an intrinsic rather 

than accessory consideration in the design of industry-

academia collaboration. Design decisions about 

admissions, scholarships, programmatic access to 

work-integrated opportunities, and the distribution of 

mentorship resources all carry equity consequences 

that deserve explicit attention at the design stage rather 

than remediation after the fact (Bailey, Smith-Jaggars, 

and Jenkins, 2015; UNESCO, 2016; Grubb and 

Lazerson, 2004). 

V. A STRATEGIC FRAMEWORK FOR 

MODERNIZING TECHNICAL LEARNING 

CENTERS 

The preceding sections converge on a set of 

propositions about what sustainable and effective 

industry-academia collaboration requires. Drawing 

these together, the framework identifies four strategic 

pillars: curricular co-production; boundary-spanning 

infrastructure; embedded work-integrated learning; 

and shared governance and investment. Each pillar 

addresses a distinctive dimension of the modernization 

challenge, and each is grounded in one or more of the 

theoretical traditions reviewed in Section 3. The pillars 

are designed to be mutually reinforcing, and their joint 

operation is what distinguishes a resilient partnership 

from a fragile one. 

5.1 Pillar 1: Curricular co-production 

Curricular co-production is the arrangement through 

which employers and educators jointly define, update, 

and assess the competencies taught in a program. It 

goes beyond the familiar mechanism of industry 

advisory boards that meet quarterly and offer general 

advice. In a co-production arrangement, industry 

partners contribute specific inputs—problem 

definitions, data sets, case materials, assessment 

tasks—into the design of courses and programs, and 

these inputs are subject to pedagogical discipline 
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within the academic institution so that they are 

translated into educationally sound experiences rather 

than firm-specific training (Billett, 2011; Perkmann et 

al., 2013; Sheppard, Macatangay, Colby, and Sullivan, 

2009). 

Effective curricular co-production has several 

features. It operates on a regular, typically annual, 

cycle of review and update, so that curricula evolve 

continuously rather than in episodic jumps that lag 

practice (OECD, 2017; Felder and Brent, 2016). It is 

structured around competency frameworks that both 

parties help to define and that function as boundary 

objects connecting the employer's occupational 

expectations with the educator's pedagogical 

architecture (Carlile, 2004; Wenger, 1998). It balances 

the contribution of individual firms with collective 

input from sector bodies or industry consortia, to avoid 

the curriculum becoming captive to the needs of any 

single employer (Busemeyer and Trampusch, 2012; 

Culpepper, 2003). And it preserves the academic 

integrity of the program by maintaining faculty 

authority over the pedagogical translation of industry 

inputs, with respect to sequencing, assessment, and 

theoretical foundations (Felder and Brent, 2016; Eraut, 

2004). 

The outcome of effective curricular co-production is a 

program whose graduates are recognized by industry 

as possessing current and relevant competencies, and 

whose curriculum is, nonetheless, educationally 

broader than the immediate requirements of any 

particular firm. This dual objective—currency and 

breadth—is the signature challenge of co-production 

and is what distinguishes it from either outsourcing of 

curriculum to industry or academic curriculum 

development in isolation from practice (Perkmann et 

al., 2013; Felder and Brent, 2016). 

5.2 Pillar 2: Boundary-spanning infrastructure 

Boundary-spanning infrastructure refers to the 

physical, digital, and institutional spaces within which 

joint industry-academia activity takes place. Physical 

infrastructure includes laboratories that are jointly 

equipped and accessible to industry as well as to 

students, maker spaces and fabrication facilities, 

simulation centers, and field-training environments 

(Lundvall, 2016; Etzkowitz, 2008). Digital 

infrastructure includes learning management systems 

configured for blended delivery, access to industry 

software and data, and the collaborative platforms 

through which joint projects are managed 

(Brynjolfsson and McAfee, 2014; Daniel, 2019). 

Institutional infrastructure includes the units within 

the learning center that manage partnerships, the 

dedicated roles that staff these units, and the policies 

that govern intellectual property, confidentiality, and 

liability in the context of joint work (Perkmann et al., 

2013; Siegel et al., 2003). 

Well-designed boundary-spanning infrastructure 

reduces the transaction costs of collaboration. Each 

interaction between an employer and an educator costs 

something in time and in organizational effort; absent 

supporting infrastructure, even willing partners find 

that these costs accumulate and erode enthusiasm 

(Bruneel, d'Este, and Salter, 2010; D'Este and 

Perkmann, 2011). Infrastructure that is well-designed 

and actively maintained makes participation 

progressively easier over time, and in so doing 

supports the durability of the partnership. Poorly 

designed infrastructure, by contrast, produces an 

impression of activity without producing sustained 

learning outcomes, and is often associated with the 

'innovation theater' that has attracted critical 

commentary in the literature (Leydesdorff, 2012; 

Mitra, 2017). 

An important consideration in boundary-spanning 

infrastructure concerns the intellectual property and 

confidentiality arrangements that govern joint work. 

These arrangements can be the single greatest source 

of friction in industry-academia partnerships, 

particularly where employers contribute proprietary 

data or methods to educational activity (Siegel et al., 

2003; Perkmann et al., 2013; Geuna and Muscio, 

2009). Effective arrangements are worked out in 

advance, applied consistently, and subject to clear 

dispute resolution, and they distinguish clearly 

between activity conducted for pedagogical purposes 

and activity conducted for research, since the two 

often have different appropriate treatments (Mowery 

and Sampat, 2005; Siegel et al., 2003). 

A further dimension of infrastructure concerns its 

geography and accessibility. Partnerships sustained at 

a physical distance—a university campus on one side 

of a city, an industrial facility on the other—tend to 

produce lower volumes of casual interaction than 
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partnerships in which the physical environments are 

integrated. The concept of innovation districts, in 

which educational, research, and industrial activity are 

co-located in deliberately designed urban 

environments, has emerged as an influential response 

to this consideration (Etzkowitz, 2008; Cooke, 2001; 

Mitra, 2017). Not every technical learning center can 

be re-located into an innovation district, but many can 

identify opportunities to co-locate specific activities, 

share facilities with partner firms, or create hybrid 

spaces in which students, faculty, and practitioners 

work alongside one another. The cumulative effect of 

such arrangements is to increase the frequency and 

depth of interactions out of which learning and 

innovation emerge (Etzkowitz and Leydesdorff, 2000; 

Lundvall, 2016; Chesbrough, 2003). 

A related and increasingly important element of 

infrastructure is the digital platform environment 

through which collaboration is managed across 

distance. The past decade has seen significant 

maturation in the tools that support distributed 

teaching, collaborative project management, shared 

access to datasets and computational environments, 

and virtual laboratories. These tools can meaningfully 

extend the reach of industry-academia partnerships, 

particularly for institutions whose geographic location 

would otherwise limit their access to leading industrial 

partners, and for employers whose operational 

geographies span multiple institutional catchments 

(Brynjolfsson and McAfee, 2014; Daniel, 2019; 

Dodgson, Gann, and Salter, 2008). The design and 

governance of such platforms is now a proper subject 

for strategic attention alongside the physical and 

institutional dimensions of infrastructure. 

5.3 Pillar 3: Embedded work-integrated learning 

Embedded work-integrated learning is the 

arrangement through which authentic workplace 

experience becomes a core element of the curriculum 

rather than an optional supplement. Work-integrated 

learning encompasses a range of formats: cooperative 

education placements that alternate academic and 

work terms, industrial internships, apprenticeship-

style arrangements, supervised industrial projects, and 

capstone projects drawn from industry problems 

(Billett, 2011; Cooper, Orrell, and Bowden, 2010; 

Patrick et al., 2009). The most effective arrangements 

share three characteristics. First, they are structured 

around clearly articulated learning outcomes that map 

to the broader curriculum and are assessed within the 

academic program. Second, they are supported by 

pedagogical scaffolding—pre-placement preparation, 

structured reflection during the placement, and post-

placement integration—that translates experience into 

conceptual mastery (Kolb, 1984; Schön, 1983; Eraut, 

2004). Third, they are supervised by both workplace 

mentors and academic staff, with explicit 

responsibilities on both sides (Billett, 2011; Sheppard, 

Macatangay, Colby, and Sullivan, 2009). 

The pedagogical case for embedded work-integrated 

learning is well-established in the literature on situated 

learning, experiential learning, and communities of 

practice (Lave and Wenger, 1991; Wenger, 1998; 

Kolb, 1984; Schön, 1983). Its operational challenges 

are equally well-documented: coordinating workplace 

placements across many students is costly; ensuring 

quality control across heterogeneous workplaces is 

difficult; and matching the rhythms of academic 

calendars with the rhythms of industrial work requires 

continuous administrative attention (Cooper, Orrell, 

and Bowden, 2010; Patrick et al., 2009). These 

challenges can be addressed through investment in the 

institutional infrastructure discussed above, and their 

severity is typically a direct function of the maturity of 

the partnership arrangements within which the 

placement occurs. 

A particularly valuable form of embedded work-

integrated learning, often under-emphasized in the 

literature, is the structured engagement of industry 

practitioners as instructional staff within the learning 

center itself. Where practitioners participate in 

teaching—as adjunct faculty, guest instructors, or co-

teachers alongside full-time academic staff—they 

bring current practice into the classroom in ways that 

even well-designed external placements cannot match 

(Sheppard, Macatangay, Colby, and Sullivan, 2009; 

Felder and Brent, 2016). Institutional arrangements 

that make this form of participation feasible and 

sustainable—including flexible appointments, aligned 

teaching calendars, and meaningful recognition—

deserve deliberate attention in the design of industry-

academia partnerships (Perkmann et al., 2013; Ankrah 

and Al-Tabbaa, 2015). 
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5.4 Pillar 4: Shared governance and investment 

Shared governance and investment is the pillar that 

binds the others together over time. Sustainable 

partnerships require arrangements in which the 

participating parties accept genuine accountability for 

outcomes and in which their financial and non-

financial investments are aligned with those 

accountabilities (Perkmann et al., 2013; Etzkowitz, 

2008; Ankrah and Al-Tabbaa, 2015). Specific 

mechanisms vary by context but share several 

common features. 

First, shared governance typically operates through 

formal bodies that include both industry and academic 

participants with decision-making authority, distinct 

from advisory groups that offer guidance but carry no 

responsibility for outcomes (Perkmann et al., 2013; 

Etzkowitz, 2008). Second, shared investment typically 

involves financial contributions from all parties, 

configured so that each party is invested in the success 

of the joint enterprise in ways that reach beyond the 

individual transaction; public subsidies, employer 

levies, and in-kind contributions from academic 

institutions can all play appropriate roles (Busemeyer 

and Trampusch, 2012; Culpepper, 2003; Lundvall, 

2016). Third, shared metrics are integrated into the 

governance structure, so that progress is reviewed 

against agreed indicators and the partnership is able to 

adjust course as the evidence suggests (Bruneel, 

d'Este, and Salter, 2010; Perkmann et al., 2013). 

The equity consideration raised in Section 4.3 applies 

with particular force in the governance pillar. 

Governance arrangements that include only the most 

engaged or wealthiest firms risk producing 

partnerships whose priorities diverge from the 

interests of the student population as a whole (World 

Bank, 2019; UNESCO, 2016; Bailey, Smith-Jaggars, 

and Jenkins, 2015). Deliberate attention to the 

composition of governance bodies, to the inclusion of 

smaller and more diverse employers, and to the 

representation of student and community perspectives 

is a practical means of guarding against this risk 

(Mitra, 2017; Streeck, 1989). 

The temporal architecture of governance is also 

consequential. Durable partnerships tend to operate on 

decision cadences that balance responsiveness to fast-

changing technological and labor-market conditions 

with the longer horizons required for meaningful 

curricular and infrastructural change. An annual 

strategic review, combined with more frequent 

operational reviews and less frequent foundational 

reviews of the partnership's overarching purpose, is 

one commonly encountered architecture (Perkmann et 

al., 2013; Bruneel, d'Este, and Salter, 2010). The 

details vary, but the principle is that governance 

should impose a rhythm on partnership activity that 

both reflects the changing environment and protects 

the investments required by long-gestation educational 

change. 

5.5 The pillars as a system 

The four pillars function as a system. Curricular co-

production without embedded work-integrated 

learning produces a curriculum that describes 

contemporary practice but does not equip students to 

enact it; work-integrated learning without curricular 

co-production produces placements that are only 

loosely connected to the students' academic learning; 

boundary-spanning infrastructure without shared 

governance becomes an underused facility; and shared 

governance without the other three pillars becomes a 

bureaucracy without substantive content to govern. 

The weakest pillar tends to cap the performance of the 

partnership as a whole, and strengthening any single 

pillar has diminishing returns once the others have 

been exhausted (Perkmann et al., 2013; Ankrah and 

Al-Tabbaa, 2015; Etzkowitz, 2008). 

The systemic nature of the framework also implies that 

diagnostic use should precede prescriptive use. 

Leaders who intend to modernize a particular technical 

learning center should begin by assessing the maturity 

of each pillar in their current context and should invest 

disproportionately in the pillar that is weakest relative 

to the others. Ambitious programs that attempt to 

advance all four pillars simultaneously, while 

attractive in principle, frequently fail to sustain the 

managerial attention required in any one of them. 

Programs that address the weakest pillar first, and then 

allow the other pillars to be pulled forward in its wake, 

tend to produce more durable modernization 

(Perkmann et al., 2013; Bruneel, d'Este, and Salter, 

2010). 
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VI. IMPLICATIONS FOR PRACTICE 

6.1 For leaders of technical learning centers 

For leaders of technical learning centers, the 

framework implies several emphases. The primary 

institutional leadership task is to build the four pillars 

as connected capabilities, not as isolated initiatives. 

Formal partnership units, competency frameworks, 

shared facilities, work-integrated learning offices, and 

governance arrangements should all be understood as 

elements of a single strategic architecture, and 

leadership attention should be directed accordingly 

(Perkmann et al., 2013; Ankrah and Al-Tabbaa, 2015; 

Etzkowitz, 2008). Institutional strategies that 

concentrate on one pillar while neglecting others 

produce brittle results; institutional strategies that 

attempt all four in parallel without sequencing produce 

diffuse effort. The framework provides a language for 

articulating priorities and tracking progress. 

A related leadership task is to protect the pedagogical 

and academic integrity of the institution while opening 

it to deeper engagement with industry. The risk of 

capture—by the most engaged employers, by the most 

accessible problem definitions, or by forms of 

engagement that serve firm interests more than student 

learning—is real and deserves deliberate attention 

(Etzkowitz, 2008; Perkmann et al., 2013; Bailey, 

Smith-Jaggars, and Jenkins, 2015). Leaders who build 

strong institutional commitments to broad student 

outcomes, to pedagogical rigor, and to curricular 

breadth create the conditions under which engagement 

with industry enhances rather than distorts the 

educational mission. This is not a matter of 

defensiveness but of institutional self-confidence: 

effective partnerships require each party to contribute 

what it uniquely brings, and the academic institution's 

unique contribution is the integration of practice into a 

coherent educational whole (Sheppard, Macatangay, 

Colby, and Sullivan, 2009; Felder and Brent, 2016; 

Eraut, 2004). 

6.2 For employer organizations 

For employer organizations, the framework implies a 

shift from transactional engagement to sustained 

institutional investment in the formation of the 

workforce on which their operations depend. 

Employers that treat partnerships as philanthropy, or 

as recruitment pipelines narrowly defined, tend to 

produce partnerships that are less durable and less 

substantive than employers that accept a role in the 

shared governance of the relationship (Ankrah and Al-

Tabbaa, 2015; Perkmann et al., 2013; Becker, 2018). 

The strategic logic for employers to accept this role 

has strengthened over the past decade, as workforce 

formation has emerged as a strategic rather than 

operational concern for many firms (World Economic 

Forum, 2018; Autor, 2015; OECD, 2017). 

The practical implication for employers is an 

acceptance of responsibilities that extend beyond the 

hiring of graduates. These include the commitment of 

senior personnel to governance roles, the secondment 

of practitioners into teaching, the provision of 

authentic project problems for use in the curriculum, 

and the underwriting of infrastructure that will benefit 

the broader educational mission (Perkmann et al., 

2013; Etzkowitz, 2008; Chesbrough, 2003). 

Employers that are able to sustain these commitments 

over multi-year horizons contribute to the durability of 

partnerships in ways that episodic engagement cannot 

match, and they receive in return access to a formation 

system that produces graduates with closer fit to their 

operational requirements. 

6.3 For governments and funders 

For governments and funders, the framework implies 

attention to the incentive structures and public goods 

that shape whether partnerships form and how 

sustained they are. Co-funding mechanisms that 

reward joint investment rather than individual 

institutional activity, policy frameworks that 

legitimize industry participation in curriculum 

decisions while preserving academic integrity, and the 

support of sector skill councils or equivalent 

coordinating bodies are examples of public roles that 

address the collective action problems identified in 

Section 3 (Etzkowitz and Leydesdorff, 2000; 

Busemeyer and Trampusch, 2012; Culpepper, 2003). 

Governments that design incentives for the four pillars 

jointly are better positioned to accelerate the 

modernization of their technical education systems 

than governments that focus on a single instrument. 
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6.4 For educators and faculty 

For educators and faculty within technical learning 

centers, the framework has implications for 

professional development. The pedagogical skills 

required to translate industry inputs into sound 

curricula, to supervise embedded work-integrated 

learning, and to maintain the academic integrity of co-

produced programs are not universally held, and they 

deserve deliberate investment (Felder and Brent, 2016; 

Sheppard, Macatangay, Colby, and Sullivan, 2009). 

The framework also points to the importance of 

pedagogical leadership within academic units, in 

which specific faculty members take responsibility for 

maintaining the quality of industry-academia 

interfaces and for coaching colleagues in effective 

practice. Where such leadership is supported through 

appropriate role definitions and recognition structures, 

the quality of collaboration improves (Perkmann et al., 

2013; Ankrah and Al-Tabbaa, 2015). 

VII. LIMITATIONS AND DIRECTIONS FOR 

FUTURE WORK 

The framework advanced in this paper is a conceptual 

integration of existing scholarship and is not itself 

empirically validated. Its claims—most fundamentally 

the claim that the four pillars operate as a system and 

that durability depends on their joint development—

invite empirical examination through comparative 

institutional research, longitudinal studies of specific 

partnerships, and analyses of the relationships between 

pillar maturity and outcome indicators such as 

graduate employability, employer satisfaction, and the 

persistence of partnerships through leadership change 

(Perkmann et al., 2013; Bruneel, d'Este, and Salter, 

2010; Ankrah and Al-Tabbaa, 2015). 

Several boundary conditions should be noted. The 

framework is oriented to the modernization of existing 

technical learning centers and assumes the presence of 

the minimum institutional capacity required to sustain 

partnership activity. In contexts where this capacity is 

absent, the framework will be insufficient and must be 

preceded by institution-building investments of a more 

basic kind (UNESCO, 2016; World Bank, 2019). The 

framework also assumes a broadly market-oriented 

economic environment and may require adaptation for 

contexts in which labor markets, industrial structure, 

or political systems differ materially from those in 

which the underlying scholarship was developed 

(Busemeyer and Trampusch, 2012; Lundvall, 2016). 

Finally, the framework addresses industry-academia 

collaboration as a particular form of institutional 

arrangement; it does not replace wider analyses of the 

economics of education, of regional development, or 

of innovation systems, each of which carries its own 

theoretical and practical considerations (Etzkowitz 

and Leydesdorff, 2000; Mitra, 2017; Lundvall, 2016). 

Future research could productively extend the 

framework in at least three directions. First, empirical 

studies that operationalize pillar maturity and examine 

its relationship with partnership durability would 

sharpen the prescriptive content of the framework. 

Second, cross-national comparative work could 

identify the ways in which national institutional 

architectures shape the translation of the framework 

into practice. Third, attention to the dynamic aspects 

of partnership development—how partnerships build, 

mature, and sometimes decline—could inform the 

design of interventions that support resilience across 

the partnership life cycle (Perkmann et al., 2013; 

Ankrah and Al-Tabbaa, 2015; Bruneel, d'Este, and 

Salter, 2010). 

VIII. CONCLUSION 

The modernization of technical learning centers is 

among the most consequential institutional projects 

facing contemporary systems of skill formation. The 

pressures that make modernization urgent—the 

accelerating change of technical practice, the 

hybridization of competencies, the fiscal constraints 

on public education, and the strategic interest of 

employers in their future workforce—are unlikely to 

abate. The question is not whether technical learning 

centers will modernize but how well. The framework 

presented here proposes that modernization rests on 

the coordinated development of four pillars—

curricular co-production, boundary-spanning 

infrastructure, embedded work-integrated learning, 

and shared governance and investment—and that 

partnerships built on one or two pillars alone are 

fragile in ways that can be avoided. 

The framework does not offer a prescription. It offers 

a diagnostic and strategic architecture that 

policymakers, institutional leaders, employer 

organizations, and funders can use to organize their 
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efforts and to track their progress. Within this 

architecture, the proven insights of triple-helix theory, 

situated and experiential learning, communities of 

practice, and the economics of skill formation 

converge into a coherent picture. The invitation is to 

use that picture as a foundation for the next phase of 

work on the modernization of technical learning 

centers, in which the durability and quality of 

partnerships receive the same scholarly and practical 

attention that their establishment has received over the 

past generation. 

The scholarly task ahead is considerable. Each of the 

pillars identified in this framework would benefit from 

further theoretical development and from richer 

empirical investigation across national and sectoral 

contexts. The practical task is even more considerable: 

the reform of complex institutional arrangements 

requires sustained leadership, patient investment, and 

a willingness to accept that the benefits of industry-

academia collaboration accrue over years rather than 

months. The framework offered in this paper is 

designed to support both tasks by making explicit the 

conceptual foundations on which durable partnership 

rests. 

A final observation is appropriate concerning the 

relationship between the present framework and the 

broader transformations of work and learning in which 

technical learning centers are embedded. 

Contemporary discussions of the future of work 

emphasize not only the redistribution of employment 

across industries and occupations but also a deeper 

transformation in the role of continuous learning 

across the life course (Autor, 2015; World Economic 

Forum, 2018; OECD, 2017). Technical learning 

centers are well placed to serve as anchors of lifelong 

learning in their regions, providing pathways for 

working adults to acquire new competencies as their 

careers evolve. The framework developed here for 

initial technical education applies, with appropriate 

adjustments, to continuing education as well, and 

deliberate attention to lifelong learning mandates is an 

increasingly important dimension of institutional 

strategy. The four pillars of curricular co-production, 

boundary-spanning infrastructure, embedded work-

integrated learning, and shared governance and 

investment are as relevant to the learning needs of 

mid-career professionals as they are to those of 

students preparing for their first entry into technical 

work (Becker, 2018; Lundvall, 2016; OECD, 2017). 
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