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Abstract

While apprenticeships are an important part of the workforce training system, their
numbers have continued to decline in the United States. Apprentice dropout (attrition) is
identified as the primary concern that discourages employers from investing in this
training (Lerman, Eyster, & Chambers, 2009; Steward & O’Brien-Turco, 2010). Past
research shows employers who adopt cooperative strategies with other stakeholders can
lower the risk of apprentice dropout, but the factors that contribute to this difference,
including whom these employers cooperate with, are unclear (Berik & Bilginsoy, 2000;
Bilginsoy, 2003; Glover & Bilginsoy, 2005). The effectiveness of cooperative strategies
and the impact of training outcomes on investment decisions are the two main focuses of
this study.
Applying an Institutional Analysis and Development (IAD) framework, this study
systematically inquires into the factors that contribute to the underdevelopment of
apprenticeship programs. Specifically, this study examines how cooperative strategies
lead to training outcomes and what impact these outcomes have on employers’
apprenticeship investment. Here, institutions are referred to a shared strategy among
stakeholders to cope with common problems. The analysis of institutions is structured
and nested into three levels, which are the constitutional, collective-choice, and
operational levels. Four types of strategy at the constitutional level and one strategy at the
ii

collective-choice level, together with their theoretical hypotheses, are discussed and
analyzed. A feedback model is then built to examine the impact of outcomes on previous
levels.
Empirically, the data used in this study is from employers and education
institutions in the state of Ohio. Our sample consists of 6,986 of the apprentices trained
by 520 employers between 2007 and 2008. Their training and education performances are
tracked over a four-year period. Event history techniques are employed to assess the
impact of various factors on training outcomes. Then, a regression model is used to
determine how these outcomes in turn affect employers’ training decisions. In this model,
370 employers in 2007 are used as a reference group for how past training outcomes
affected their decision-making in 2010.
The findings of this study suggest that joint programs, in which a single employer
adopts a strategy of cooperation with unions at constitutional level, have a lower risk of
apprentices dropping out, compared with programs held by employers unilaterally. The
dropout risk decreases when the apprentices receive their training in joint programs. The
impact of joint programs are profound when employers cooperate with colleges at the
collective-choice level. In this setting, we find the log-odds of dropout increase by four
times for programs that cooperate with other employers, while the log-odds decrease by
half for those that cooperate with unions. We also find that one apprentice dropout in
2007 decreased the number of dual enrollments in 2010.
There were four major conclusions. First, at the constitutional level, employers
who hold apprenticeships jointly with unions (labor-management strategy) retain their
iii

apprentices longer. The impact is stronger if employers cooperate with unions only.
Second, at the collective-choice level, apprentices who maintain dual enrollment in both
their apprenticeships and in two-year colleges tend to lower their probability of dropout.
The impact is stronger in programs that cooperate with other employers. Third, at the
operational level, employers’ promise of wage increases for workers who attain
journeymen status have greater impacts on retention than any of the other predictors from
human capital theory. Lastly, apprentice dropout has a strong impact on the sustainability
of resource regimes, compared to training completion. Failure to recoup its cost also
negatively affects employers’ decision to invest in general training.
Overall, this research seeks to provide a tentative answer to the question of when
and under what conditions institutions matter in the restoration of an apprenticeship
system. The results of our study not only confirm previous findings on apprenticeships,
but highlight the importance of the choices among institutional strategies adopted by
these programs. Our recommendations are tailored for practitioners as follows. First,
attention should be paid to the dropout issue in apprenticeship programs, especially for
first-year enrollers, females, and minorities. Second, cooperation with colleges can be an
effective strategy for overcoming high attrition in the first year, but it should be used with
caution due to its negative impact on apprentices who have lower educational
attainments. Third, we recommend shortening training duration to two years so that
dropout risk can be controlled and the length can match the course offerings of two-year
institutions. Fourth, we recommend restoring traditional union apprenticeship programs
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in the construction industry, but this strategy should be adopted with caution because of
its potentially negative impact on females and minorities.
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CHAPTER 1: INTRODUCTION

The training of skilled workers and their retention in the labor market has been a
challenge to workforce development researchers and practitioners. Evaluations of the Job
Training Partnership Act of 1982 stress that an effective strategy requires not only job
training services but also a range of human development interventions (Orr, Bloom, &
Bell, 1995; Strawn & Martinson, 2000), such as second-chance educational programs.
Recent policies such as the Workforce Investment Act of 1998 (2000) and Workforce
Intermediaries initiatives (Giloth, 2000) promote institutional arrangements in intragovernment or public-private partnership, including initiatives and task forces to
coordinate public and private stakeholders. The institutional factors are important to the
long-term success of the workforce programs.
Looking at the factors that influence job advancement and retention among lowskilled workers gives us a sense of why workforce intermediary initiatives have the
potential to meet this challenge (Giloth, 2004a). Given the mismatches between
employers and employees and the heterogeneity of different geographic locations,
Workforce Intermediaries fit in to the local context, in which workforce and educational
institutions are integrated to provide customized service to the needs of individual
employees and employers.
1

Because of this customization, the scale of the services or programs under
Workforce Intermediaries initiatives tends to be small (Poppe, Strawn, & Martinson,
2004). Innovations or experiments at state, city or community level can thus be
documented and diffused. The implications of Workforce Intermediaries initiatives for
workforce development research are threefold. First, researchers have refocused their
efforts on long-term job retention and advancement outcomes among low-skilled
workers, as opposed to short-term income gain, and inquire into how to achieve this goal
(O’Shea & King, 2001). Secondly, employer engagement has moved towards the center
of discussion (Kazis, 2004). Third, the involvement of multiple institutional stakeholders
has focused this research field upon issues of economic and local governance (Clarke,
2004; Giloth, 2004b).
This research orientation has led scholars to pay attention to the potential of
apprenticeship programs (Edelman, Holzer, & Offner, 2005), especially during the
current financial crisis (Couch, 2012). This has given rise to an extensive discussion on
this type of arrangement. Apprenticeships are employer-sponsored programs whereby
one or more employers collaborate with local educational and workforce institutions to
provide general and specific training to apprentices.1 It is a collaborative arrangement

In the United States, the apprenticeship system at federal level started after the passage of the National
Apprenticeship Act of 1937. But since 1930, state governments (notably Wisconsin) had already begun to
manage their own apprenticeships. Employers who want to initiate an apprenticeship program need to
prepare a written training plan individually or collectively with unions or other employers, and register with
the labor authority. The costs of training are borne by individual employers (in the case of non-union/ nojoint programs), or shared by multiple employers and unions (joint union-sponsored programs) on the basis
of mutual trust. Most of the apprentices are high school graduates. These apprentices also share a portion of
training costs by accepting lower wages. They can quit the program without penalty, depending on the level
of skill they have already accumulated and the salary level outside apprenticeship. The formal training
content includes specific on-the-job training (OJT) and a more general in-class related theoretical
instruction (RTI). Some programs partner with community colleges to provide the latter type of instruction,
1
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(Pattayanunt, 2009), in which employers, trade unions, community or vocational
colleges, and government cooperate to upgrade the skill levels of low-skilled workers.
The rationale for advocating apprenticeship programs is that this institutional
arrangement overcomes the problems inherent in traditional employer-sponsored training
programs. An ideal model for workers’ training would be an employer-led program that
operated in workplaces with a general training component (Bishop, 1996; Lerman,
Mckernan, & Riegg, 1999; Lerman, 2010), but this has limitations (Osterman & Batt,
1993, pp. 461–466). First, these programs are often based at individual firms and pay
inadequate attention to system building; second, they lack a network of intermediaries to
link up with state agencies and post-secondary education institutions; and third, they do
not establish a standard for general training. In this sense, apprenticeship programs
establish a collaborative network with which employers can leverage resources from
institutional stakeholders to conduct standardized general and specific training.
However, there are some concerns about the incompatibility of apprenticeship
programs with the labor market of the United States. Institutional conditions that have
been seen as necessary to support apprenticeships, such as strong unions with the power
to prevent apprentices from quitting, do not exist in the current US economy (Harhoff &
Kane, 1997; Soskice, 1994). High levels of geographical mobility, and employment
opportunities for apprentices outside the company providing the training, represent
another area of concern (Lynch, 1993). The fundamental concern is that, in a perfect

or count RTI hours toward college credentials. Normally, the number of hours of OJT in a given
apprenticeship program is larger than the number of hours of RTI.
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market, employers do not have an incentive to invest in general training (Becker, 1962).
Employers prefer specific training that can only apply to their own workplace, while
employees prefer general training that enables them to transfer to other jobs. In this view,
the potential outcome of apprenticeship arrangements is low apprentice retention,
indicating that employers’ efforts are unremunerative due to high training externalities.
However, a perfect market does not exist, and this prediction is far from reality.
Employers still invest in general training because workers are willing to pay the price by
accepting a lower training wage (wage compression) at early stages of apprenticeships
(Acemoglu & Pischke, 1999). How long can these workers stay in the training process on
lower salaries? To assess the extent of job retention and advancement among apprentices
in apprenticeship programs has become the major thrust of recent research (Berik &
Bilginsoy, 2000; Bilginsoy, 2003; Glover & Bilginsoy, 2005; Lerman, 2009; Lerman,
2012; Steward & O’Brien-Turco, 2010). The center of inquiry is, given the institutional
limitations and individual preferences mentioned above, how long can apprenticeship
programs retain their apprentices. A further area of research interest is whether this
institutional arrangement encourages employers to invest in human capital. There is a
need to further explore the impact of apprenticeship programs as a mechanism to upgrade
the skill levels among disadvantaged workers in the United States.
The Institutional Analysis and Development framework (IAD) helps to identify
the key interaction in institutional arrangements. The purpose of this identification is to
decompose institutions into analyzable components so that the sources of low
performance can be diagnosed. Specifically, IAD identifies a common set of variables in
4

situations where actors interact with each other. Institutional analysis, common-pool
resource theory, and co-production theory can further provide insights into how these
actors interact with each other.2 This study will employ IAD to examine the retention
outcomes in apprenticeship programs.

The analysis of institutional arrangements has always been the focus of political and policy scholars (Guy,
2005). Different approaches exist in “New Institutionalism”. This diversity enriches our knowledge
regarding why and how institutions shape the actions among rational actors. The institutions in this study
are [recommended to adopt?] a shared strategy in resource regime, which means a collective response
developed by actors based on their own knowledge of norms and rules. This definition is closed [close?] to
the practice in workforce system and we will discuss it in Chapter Two.
2

5

STATEMENT OF PROBLEM

Developing a skill-formation model to effectively move low-skilled workers into
the labor market is the primary goal of workforce policymakers around the world.
General training with a firm would be an ideal model because it delivers transferable skill
sets as well as secure job opportunities, but the risk of turnover among trainees may deter
employers from providing this type of training (Becker, 1962). Apprenticeship programs
are an attractive alternative, compensating employers for their risk of investing in general
skills. Theoretically, the cooperative relationship among employers, trade unions, postsecondary education institutions and government constructs an institutional arrangement
that curbs apprentices from quitting in the middle of training (Pattayanunt, 2009).
Although their wages are comparatively low, certificates or diplomas can serve as
incentives for retention.
In practice, however, cooperative arrangements are risky because of resource
poaching from free-riders and resource attrition, if strong institutions that can sanction
these opportunistic behaviors do not exist (Gardner, Ostrom, & Walker, 1990; Soskice,
1994). Apprentice attrition in particular is problematic because low retention indicates
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low program performance and pay-off.3 Intuitively, the credential or certificate promised
by the education stakeholders in this arrangement, together with the tuition subsidized by
employers, should keep employees from leaving the programs (Cantor, 1995; Lerman,
2011); and the long-term benefits of apprenticeship programs have been shown to be
significant (Reed et al., 2012). However, empirical investigations at the regional (Steward
& O’Brien-Turco, 2010), cross-state (Gunn & De Silva, 2008) and national levels
(Lerman, Eyster, & Chambers, 2009) in the United States have all documented high
attrition problems. This seemingly contradictory fact has focused attention on the
interaction between stakeholders and the outcomes.
Past research shows that cooperation among organizations can lead to better
retention outcomes, but the factors that contribute to this, including whom these
employers cooperate with, are unclear (Berik & Bilginsoy, 2000; Bilginsoy, 2003; Glover
& Bilginsoy, 2005). It is hard to draw conclusions about the impact of cooperation
relationships, due to heterogeneity in program design across states and regions, and
because of differences between individual employers.
This study aims to investigate how training preferences as well as different types
of institutional cooperation affect apprentice retention, and how outcomes affect
employers’ future decisions on human capital investment. We define apprentice retention
as the primary criterion by which to evaluate whether the training outcome is successful.
Specifically, retention is defined as continuing participation in the program. The IAD
A higher retention rate is also indicative of higher levels of training investment (Culpepper, 2003a, p. 26).
The more money a company invests in training a worker, the more that company will want to keep the
worker after the training period in order to reap the return on its investment. Therefore, retention rates can
also be used to judge the performance of different training regimes.
3
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framework will be employed to disentangle employers’ decisions on training and
cooperation and these decisions that affect the retention outcomes. Training, commonpool resource and co-production theories will be woven into this framework to form
testable hypotheses. This strategy enables us to compare different cooperation scenarios,
and to construct corresponding hypotheses for the potential outcomes of employers’
human capital investment.
Empirical data from Registered Apprenticeship Partnership Information Data
System (RAPIDS) and Higher Education Information (HEI) will be integrated into
longitudinal data sets. This integration allows us to learn about the impact of
employment, training and higher education processes, since the same apprentices are
tracked over time. The benefit of adopting longitudinal data sets in workforce program
evaluation is that it allows an adequate follow-up period for programs whose impacts
change over time and/or take longer to mature (King & Heinrich, 2011). The program
duration in this study is four years, i.e. from 2007 to 2010.
With its ability to deal with momentum in time, event history technique can be a
good fit to inquiry into the program outcomes among apprentices. This study is focused
on: 1) constructing a theoretical model for evaluating the performance of apprenticeship
programs; 2) obtaining estimators by applying longitudinal data sets; (3) describing how
training preferences as well as different types of institutional strategies affect apprentice
retention; and 4) how training outcomes affect employers’ decisions on human capital
investment and their cooperation with stakeholders.

8

RESEARCH QUESTIONS

This study will explore the following questions.
1.

How does the difference in program characteristics in apprenticeship
program affect the retention of individual apprentices?

2.

To what extent does the employer cooperation in apprenticeship programs
affect the retention of individual apprentices?

3.

To what extent does the types of cooperation (joint vs cooperation) affect the
retention of individual apprentices?

4.

To what extent does the apprentice participation in post-secondary education
affect the retention of individual apprentices?

5.

How the retention outcomes as well as institutional factors affect employer’s
decision on training?

9

DEFINITION OF TERMS

Institutions
Institutions are human-constructed artifacts within which individual choices take
place and which collectively shape the consequences of their choices. In this study, we
define institutions as a shared strategy taken by actors based on their knowledge of norms
and rules.
Retention
Apprentice retention is defined as continuing participation in the program.
Apprenticeship programs
Apprenticeship programs are institutional arrangements among employers, trade
unions, two-year community or technical colleges and government that provide general
and on-the-job training to workers.

10

SIGNIFICANCE OF THE STUDY

This study has practical and theoretical implications for our understanding of the
issue of apprentice retention. Although apprenticeship programs have been in place since
1930, these programs have not undergone serious evaluation to date, and this represents a
serious gap in workforce development research (Heinrich & Holzer, 2011; Van Horn,
King, & Smith, 2011). Past research on the retention outcomes of apprenticeship
programs has tended to be limited and piecemeal. A central goal of policy should be to
build a strong system rather than simply to develop isolated best-practice models. This
study strives to achieve this goal by employing an IAD framework, which is a systematic
approach, to apprenticeship program evaluation.
The study is distinguished from the existing literature by both the data it makes
use of and the theories it applies. There are significant limitations to the existing literature
(Berik & Bilginsoy, 2000; Bilginsoy, 2003; Glover & Bilginsoy, 2005): first, studies
often lack solid theory to explain stakeholder cooperation, so that the papers appear to be
data-driven; secondly, they lack information about employment and education experience
among apprentices during their apprenticeship and post-training period. This limits
researchers’ ability to make inferences.

11

This study outpaces prior research by adopting training and institutional analysis
theories and longitudinal data sets. Apprentice retention is affected by individual
preferences as well as by collective action among stakeholders. Training theory derived
from Becker (1962) can help explain why employers prefer on-the-job training, while
apprentices prefer general training. Institutional theory, meanwhile, can explain under
what conditions human resources will be depleted. As retention continues to be the
primary goal of workforce development programs, this study is expected to provide
insights into job retention and advancement issues.
Furthermore, currently, the coverage of workforce development programs goes
beyond training to encompass human development activities (Jacobs & Hawley, 2009).
Education data that is incorporated in this study can be used to explore the impact of
college enrollment on apprentice retention. Compared to prior research, this will give us a
fuller picture of apprenticeship intervention. By understanding the factors that contribute
to apprentice retention and clarifying the relationship between retention and stakeholder
cooperation, these findings are expected to inform employers as well as education
institutions. Theoretically, we will also expand our knowledge of the underlying
mechanisms of collective action in workforce systems.

12

LIMITATION

This study provides a systematic approach to understand the apprentice retention
issue in the intersection of employment, training and education activities, however, some
limitations are presented. In essence, limitations mainly come from the research scope
and self-selection issue.
First, even though this study adopts IAD framework to construct a systematic
point of view, the data applied in this study is limited to the state of Ohio. This scope of
research will not be general in nature. This is the primary limitation of this study.
Second, the recruitment process of apprenticeship programs may attract certain
type of workers, which causes self-selection issue in research. These workers may share
greater similarity with each other. We need to bear this limitation in mind and make
inference with caution.
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CHAPTER 2: REVIEW OF LITERATURE

The chapter describes the Institutional Analysis and Development (IAD)
framework and integrates different theories to produce a testable model. First, the IAD
framework is defined. This theoretical framework has been developed by Ostrom (2007)
and a group of institutional scholars (McGinnis, 2011) to construct an action situation
that explains “regularities in human actions and results ... potentially to reform them” (E.
Ostrom, 2011, p. 11). Second, theories of on-the-job training, common-pool resource, and
co-production are explained. Third, an integrated model that uses these theories is
presented.

2.1 Institutional analysis

2.1.1 Shared strategy as an institution

Institutions are human-constructed artifacts within which individual choices take
place and which collectively shape the consequences of these choices. More specifically,
institutions are the products of collective action from local stakeholders in the face of
common problems. These stakeholders perceive the social dilemmas in their community
14

and act voluntarily to provide public goods. Admittedly, rational actors do not respond to
this call, and collective action dilemmas (Olson, 1965) and the Tragedy of the Commons
(Hardin, 1968) do exist as worst case scenarios. However, human beings do not always
act rationally and sometimes their rationality is bounded, especially at the organizational
level (Simon, 1991). They follow organizational rules, norms, or shared beliefs. More
importantly, they learn and adapt to organized institutional arrangements of resource
systems (Heikkila, Weible, & Gerlak, 2010; E. Ostrom, 2001). This collective learning
process facilitates the creation of local institutions.
This vein of discussion regarding institutions stems from the scholarship of public
choice in local public economies. Since 1960, scholars have argued for greater
understanding of effective forms of local governance (V. Ostrom, Tiebout, & Warren,
1999). The market- or government failure to deliver local public services stirs these
scholars to discuss polycentric or decentralized forms of governance. It seems that
organizations or stakeholders from the locality where a given social problem exists, or a
particular public service is needed, may have more knowledge of how to manage it
efficiently and effectively, as compared to the responsible government agency. Under this
form of governance, government can allow the problem or service to be self-governed
and can restrict itself to the provision of facilitators – such as financial incentives, public
forums, or set standards – while institutions per se to fill this governance gap can be
developed by local stakeholders.

15

However, competing definitions of institutions exist. In this study, we define an
institution as a shared strategy,4 i.e. a collective response developed by actors based on
their own knowledge of norms and rules (Mincey et al., 2013), which is close to the
nature of governance practice in workforce systems. Workforce policy scholars discuss
the function of intermediary (Giloth, 2004a) and paradigm (Giloth, 2004b), which are
shared strategies first developed by local stakeholders and then benchmarked, diffused,
and emulated by others as best practice. These institutions are also a dynamic learning
process, in which these stakeholders not only emulate but adapt and adjust practice to fit
local needs.
Precisely, shared strategy in workforce policy is a collective effort to replace
traditional government interventions: forming contingent partnership arrangements
among employers or associations, community colleges, unions, and human services
providers to address workforce issues at the local level (Giloth, 2004a). The public goods
that institutions can provide are twofold: skill development among low-skilled or
disadvantaged workers, and a skilled workforce for employers. These are all long-term
outcomes that require longer time spans to measure.

2.1.2 Retention as an outcome measure for institutions

Mincey et al. discussed the definition of institutions in their research. Three forms of institutions-asnorms/rules have been identified, which are rules, norms, and shared strategies. Shared strategies are a less
formal form of institution, as they do not include defined sanctions or components that facilitate an action.
4
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Traditionally, workforce policy uses short-term outcomes to measure the success
of programs. Workforce Investment Acts (WIA) regulation plays an influential role in the
selection of outcome measures. The performance requirements of this regulation are
biased in favor of measures that have proved cost-effective, for instance, recipients’
immediate post-program earnings. This tendency has had adverse effects on the
accumulation of human capital among WIA’s target group, and a call for adjustment in
performance standards has been made (Barnow, 2011). These recipients require longer
periods of observation if their outcomes are to be known; for example, it takes time to
observe whether workforce services have been beneficial to recipients’ career
development.
The call for the adoption of indicators that could more feasibly measure long-term
outcomes is particularly keen among workforce intermediaries, because the target
population these strategies serve requires long observation times if their achievements are
to be understood (Heinrich & Holzer, 2011). Some long-term measurements have been
considered, for instance, the career development of program recipients, but these are
expensive to measure. An acceptable proxy indicator has been proposed to gauge the
impact of intervention on recipients’ outcome, which is in-program or employment
retention. This outcome measure is preferable, since the longer the recipients stay in the
programs, the higher are their chances of career advancement, and the more investment in
human capital can be recovered by employers.
In practice, retention measures were adopted by the Employment Retention and
Advancement (ERA) project from 1998 to 2009 (Hendra et al., 2010). Some determinants
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have been identified, including financial incentives,5 basic skill and GED education,6 and
education and training opportunities.7 There are many empirical studies on workforce
policy practices, but systematic or comprehensive analysis of the appropriate form of
successful institutions that contribute to success is rare. This absence is not just in the
field of workforce policy but also in other policy domains, because historically, scholars
have had trouble in communicating their findings due to the lack of common frames of
reference (McGinnis, 2011).
In this respect, the IAD framework has derived a set of design principles for a
particular system, with principle defined as an “element or condition that helps to account
for the success of these institutions in sustaining the [common-pool resources]” (E.
Ostrom, 1990, p. 90). The present study uses this framework to identify the determinants
of apprentice retention in apprenticeship programs.

2.1.3 IAD framework

After comparing 12 ERA pilot models, Hendra et al. concluded from three successful models that
programs with supplemental subsidies can promote employment retention among low-wage workers. This
finding coincides with previous research (Gennetian, Miller, & Smith, 2005; Riccio et al., 2008) on
different welfare programs, that financial incentives have positive effects on retaining recipients in the
labor market.
6
Another influential factor is the content of programs. Martinson and Strawn (2002) have found that
programs with a limited focus, i.e. building basic skills and obtaining a GED, were not conducive to labor
market retention. In contrast, training efforts that provide recipients with a recognized skill or credential in
the labor market was beneficial to retention or advancement; for instance, programs that lead recipients to
certificates or degrees (Mathur, Reichle, Strawn, & Wiseley, 2004) or guide high school dropouts to
training certificates (Hamilton, 2002). Even programs that emphasize basic education activities can have
beneficial outcomes if the recipients participate in job training at the same time (Bos et al. 2002).
7
The presence of education and training opportunities is also a factor that potentially impacts recipients’
employment retention. Although follow-up study is still needed, Bloom et al. (2005) pointed out that the
adoption of education and training referral in an Illinois ERA project had positive impact on employment
retention among TANF recipients.
5

18

The fundamental idea of the IAD framework is that people can organize and
govern themselves based on appropriate institutional arrangements at the community
level. It provides a common framework for researchers to identify the appropriate
components of these artifacts. The purpose of this identification is to break down
institutions into analyzable components so that the sources of dysfunctional performance
can be diagnosed. Specifically, the IAD framework identifies a common set of variables
in action situations where actors interact with each other.
Ostrom (2011) has listed the variables that are used in the IAD framework. These
are i) a set of actors, ii) the specific positions to be filled by participants, iii) a set of
actions and their linkage to outcomes, iv) potential outcomes that are linked to individual
sequences of actions, v) the level of control each participant has over choice, vi) the
information available to participants about the structure of the action situation, and vii)
the incentives and deterrents to actions and outcomes. These variables are then mapped
into three levels of analysis for comparison (E. Ostrom, 2007), which are the
constitutional-choice, collective-choice, and operational levels (see Figure 1). IAD
focuses on the concept of levels of action, each of which may be considered a decision
situation. Actors act within a given set of rules, but may also act at different levels to
create and change those same rules. Most of the time, actors merely follow the rules, but
they may try to modify the rules when outcomes go against their own preferences.
Rational actors will attempt to change the rules in order to achieve preferred outcomes.
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Through IAD’s analytical structure, we can perceive three levels nested within each
other, but with modification occurring through the feedback from actors.
The IAD framework assumes that actors make their choice of institutions at
constitutional-choice level. They collectively decide which rules, norms or strategies they
interact with. This choice of institutions further impacts how these actors form policies,
and then trickles down to the interactions and outcomes at operational level.8 Then, the
outcomes at the operational level further impact actors’ decisions at the previous two
higher levels.
In this study, we first attempt to identify how institutional choices made by
training employers at the constitutional level impact policy choice at the collective level,
and how this in turn affects retention outcomes at the operational level. Later, we analyze
how these outcomes impact actors’ choices at the previous level. The overarching
purpose of the analysis is to help us understand how the interactions among these levels
contribute to employers’ lasting and systematic underinvestment in apprenticeship
programs.
Before conducting this analysis we first identify the actors and their interactions
in the apprenticeship programs. We emphasize the structure of action situations (different
levels), in which actors pay attention to these three constructs. Institutional arrangements
define what interactions are required (E. Ostrom, 1990). Second, the attributes that
different levels of interactions occurred. Lastly, we identify the characteristics of

Functionally, researchers adopt the operational level to conduct institutional analysis (Siddiki, Weible,
Basurto, & Calanni, 2011, p. 80). This is where day-to-day interactions take place among actors and the
decisions they make to affect such interactions and their outcomes.
8
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communities in which the interactions occur. This study organizes the interactions in
apprenticeship programs according to employers’ perspectives, because employers are
the primary sponsors as well as appropriators in this resource regime. Through the lens of
employers, we can identify the resource problems involved in apprenticeships.
We pay special attention to shared strategy at constitutional and collective-choice
levels. Although actors cannot change the characteristics of the community or the
attributes of the world, they can nevertheless react strategically by changing
arrangements to form new strategies, improving their situations based on their own
preferences.

2.1.4 Actors

Five actors are involved in apprenticeship programs. These are employers,
apprentices, unions, community or vocational colleges, and government agencies.

2.1.5 Interactions

Employers and apprentices:
Employers provide jobs and training to apprentices, enabling them to become
journeymen workers at the end of their training. A feature of this relationship is that
training is co-financed by firms and workers (Brunello & De Paola, 2004), in that
apprentices are paid less than other employees in exchange for receiving general and
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specific training from employers. Apprentices recoup their loss of pay by gaining
promotion to journeymen workers, and by receiving certified qualifications or diplomas
at the end of the apprenticeship period. These serve as costs to dissuade apprentices from
quitting before completion: the higher the value of the qualification in the market, the
higher the cost of quitting. In this case, employers are willing to invest in general training
because their costs can be recouped by the difference between apprentices’ productivity
and wage cost. As productivity increases, this difference widens, which means that
employers may receive excess benefits from training.
Between employers:
Two types of interaction between employers exist in the context of apprenticeship
programs. First, there is a competitive relationship between training and non-training
firms: employers who do not hold apprenticeships poach the apprentices trained by
others. The transferable character of general training and its cost lead employers to
behave opportunistically in apprenticeship settings (Bishop, 1996). Free-rider problems
mean that training costs cannot be evenly shared. Correspondingly, an alternative
approach to apprenticeships has developed among employers, involving cooperative
arrangements whereby employers jointly sponsor programs, sharing the cost and
preventing apprentices being poached by potential competitors.
Employers and unions:
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Employers cooperate with unions to hold joint programs.9 In such cases, unions
help by providing journeymen workers to maintain a fixed apprentice ratio10 so that
employers have the capacity to hold quality on-the-job training (Frisman, 2001). In this
process, unions exert their influence over craft competence by controlling the numbers of
apprentices and the specificity of skill level in the programs (Cantor, 1995). This helps
employers to monitor the training quality and the curriculum design. Additionally, union
involvement helps prevent turnover among apprentices (Mohrenweiser, Zwick, &
Backes-Gellner, 2011; Soskice, 1994). The institutional function of organized labor in
apprenticeship programs is that it enhances commitment among apprentices, reducing
training externalities for employers.
On the negative side, unions gain bargaining power with regard to union shop and
skill standards in exchange for their involvement in the training process. This limits the
ability of employers to recruit apprentices from other groups. Additionally, unions often
oppose the introduction of new technologies, which can impact the productivity of firms.
Employers need to strike a balance between two choices when cooperating with unions
on apprenticeships (Lerman, 2012). On the one hand, employers can leverage unions as a

For example, in the case of Ohio, 386 out of 965 programs cooperated with unions from 2005 to 2008.
The apprentice ratio refers to a fixed ratio of how many journeymen or licensees must be on hand for
each corresponding apprentice in a program. This ratio varies across different states and trades. Most of
them adopt a ratio of 1:3, i.e., that three more journeymen must be deployed for each additional apprentice
(Frisman, 2000). In apprenticeship programs, specific training is delivered by skilled journeymen workers
in the workplace. The local apprenticeship board or authority requires a certain ratio of apprentices to
journeymen in the programs when reviewing the application from an employer. This fixed ratio is used by
labor authorities to control the quality of training. In order to meet these criteria, some employers seek to
cooperate with unions in order to acquire enough skilled workers in the apprenticeship programs. This
makes unions the powerful actor in the governance of apprenticeship arrangement (Lerman, 2012, p. 25).
They can simultaneously exert their control over the apprenticeship advisory board in a state, and over their
members who are already journeymen.
9

10
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tool to provide quality training and to prevent turnover; on the other, they risk losing
bargaining power to unions on working conditions, which in turn poses a threat to their
endeavor to upgrade skill levels.
Employers and community or vocational colleges:
Employers and community or vocational colleges cooperate in delivering
training.11 They coproduce human resources in apprenticeship programs. These two-year
institutions allow employers the capacity to hold general training, in exchange for which
they gain revenue resource from employers. The training elements provided by
employers and two-year institutions in apprenticeship programs are complementary
(Lerman, 2011). Community colleges are well positioned to provide academic instruction
but cannot deliver workplace learning, while employers are able to offer work-based
training but lack the capacity to structure teaching in classrooms. The combination of
these two in apprenticeships can provide incentives to retain apprentices because the
programs offer both recognized qualifications and credits that can be applied toward
associate degrees at the end of training.
Employers and government agencies:
Government has limited involvement in apprenticeship programs. Unlike in other
public-financed on-the-job training, governments only regulate skill standards or provide
limited financial incentives, like tax refunds. A common core skill standard is developed

For example, in our sample, more than 90% of the 21,060 apprentices received their RTI (general
training) courses through 13 vocational/ community colleges between 2005 and 2008. There is extensive
cooperation between employers and these two-year institutions, to the degree that education authorities in
some states categorize apprenticeship programs as a type of cooperative education.
11
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by state agencies, collaborating with business and unions, and this is then used to review
the curriculum and skill standards in registration applications from employers. The
function of this review is to standardize apprenticeship training. This standardization
process not only makes the training more likely to be recognized by the labor market, but
poses costs to apprentices if they leave before completion (Acemoglu & Pischke, 1999).
Hence, the primary function of regulating skill standards is that it increases apprentices’
commitment to training and reduces attrition.

2.2 Theories related to apprenticeships

Workforce development is intrinsically a local governance issue (Clarke, 2004). It
is a collective effort by local stakeholders to construct a performance regime and build
human resources. In this institutional arrangement, employers, unions, and community or
vocational colleges cooperate to train low-skilled workers, with limited government
involvement. Employers are the primary investors as well as the primary appropriators of
the skilled labor that is created apprentice resources. They may unilaterally initiate
apprenticeships, or may cooperate with other employers and unions. Colleges become
involved later, to provide general training and to improve services. Within these
arrangements, apprentices tend to prefer general training, while employers prefer to
invest in specific training. Three levels of interactions can be discerned from the
discussion above: individual employers or groups of employers and unions at the
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constitutional level; colleges and the combination of employers and unions at the
collective-choice level; and the employers and the apprentices at operational levels.
The IAD framework assists us in making general assumptions about the shape and
strength of these elements (E. Ostrom, 2011). From theory, we proceed to assumptions
about the interests of individuals in action situations. Three corresponding theories can be
identified, which are employer-sponsored training, common-pool resources, and
coproduction. These theories will be used to analyze apprenticeships at each level and to
generate testable hypotheses. To understand whether these hypotheses are contradict or
complement one another, we will further examine them through the use of statistical
models.

2.2.1 Employer-sponsored training for new hires and their retention

On the operational level at which employer and apprentice interact in action
situations, economic theory prevails in explaining the rationale of participating in training
activities. Theory provides insights about the conditions under which employers might
hold training, and under which employees might join this training. Theoretical arguments
center on individual preferences for training and its outcomes. This theory’s inception
was Becker’s discussion of human capital investment (1962; 1975). Becker divided
training into the general and the specific, and pointed out that training held by employers
tends to be specific because they prefer skill sets that can only be applied to their
workplace, while employees prefer general training as it allows them to acquire
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transferable skills. Based on this reasoning, he argued that all firm training would be
specific in nature. If general training has been held, it is because employees have already
paid its full cost in the form of lower trainee wages. In either case, training can increase
employee retention (reduce turnover) because it is perceived by employees as a benefit.
The magnitude of the impact of general training on retention will be greater than that of
specific training, because employees expect pay-off from their investment.12

H1: The more general training is provided by employers in apprenticeship
programs, the less apprentices drop out of the programs

2.2.2 Apprentice as common-pool resources and its retention

However, the line between general and specific training is not always clear so that Becker's argument has
its limitation. Most of the skills delivered by specific training are actually industry specific that can apply to
other companies in the same sector. Acemoglu and Pischke (1999, pp. F113–114) have noted that, in these
cases, the content of training programs is general and employers bear a substantial portion of the training
cost. That is to say, firm training in fact allows employees acquiring transferable skill sets and needs not
pay the full cost (Bishop & Kang, 1984), which is contrary to Becker's prediction. Employers hence risk the
loss of their investment because training itself encourages employees, especially new hires, and other
employers to reap the benefits from training. It builds up a strong incentive for employees as well as nontraining firms to take advantage of training firm. Empirically, the argument that employers sponsor general
training and employees take advantage of it is supported. Based on a two-wave longitudinal survey of
3,412 employers, Bishop (1989, pp. 28–29) found firm size and capacity determine the training intensity
for new hires, in turn impacting their turnover behaviors. He classified training by formal (general) and
informal (deliver by specific personnel on one-to-one basis), and pointed out the former has made
statistically significant impacts on employees turnover. Bishop inferred that formal training may send a
clear signal of employees' value to industry so that it encourages other companies to recruit them. He also
found that large establishments hold more formal training for new hires, but with lower turnover and higher
promotion.
12
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Apprenticeship programs are institutional arrangements that engage a group of
stakeholders in training activities. As in other employer-led training programs, employers
are the primary initiators and sponsors of apprenticeships. What makes apprenticeships
different is that they allow employers pursuing workforce strategies with other
stakeholders to share training costs, and to acquire support from them to retain
apprentices. These institutional features of apprenticeships imply that perspectives other
than human capital theory are required to predict potential training outcomes.
A closer look at this resource regime can help establish an appropriate theoretical
perspective. As resources generated by apprenticeship programs, apprentices can be
viewed as a non-physical type of common-pool resource (CPR).13 Apprentices are human
resources developed by a single employer or a group of employers, and share the
characteristic of subtractive or competitive use.14 No exclusive right of resource usage
can be set, which means that other competing firms can easily access these human
resources. The human resources cannot be jointly used, and yet form a resource system
that is subject to joint use. That is to say, the improvements made through training by one
employer are simultaneously available to all employers in his region. In this context, it is
costly for employers to prevent potential competitors from obtaining the benefits of

CPR refers to a “natural or man-made resource” regime that “is sufficiently large as to make it costly (but
not impossible) to exclude potential beneficiaries from obtaining benefits from its use” (E. Ostrom, 1990, p.
30). Substantial positive externalities as well as collective action problems are created in this regime (Tang,
1991). First, improvement made to a CPR benefits all stakeholders who may or may not contribute to it.
The temptation to poach others’ contributions is always present. Secondly, available resources are
exclusive and limited, which means that the occupancy of resources by one exclude their usage by others.
14
There are still major differences between human and natural resources when we apply the notion
“common”. Although a contractual relationship exists between apprentices and employers, these
apprentices join and leave the programs on a voluntary basis, which is not the case for natural resources.
13
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training apprentices. Apprentice attrition and collective action problems are hence
commonly seen in apprenticeship arrangements.
In this sense, institutional analysis scholars can provide insights into the
management issues associated with the CPR regime. Ostrom (1991; 2005) predicted that
resource users in CPR will develop their own internal governance mechanisms for
reallocating costs and benefits to the partners. This self-organized or -governed
mechanism helps sustain resource development in the long run. Empirically, Tang (1991)
also found that cooperation among potential appropriators is essential to the sustainability
of water resources, by comparing collective action under two different types of irrigation
systems. The implication of these studies is that resource appropriators are inclined to set
up their own rules to constrain appropriation activities and to mandate service provision.
That is, in a long-enduring CPR regime, actors will develop their own self-governing
institutions for reallocating cost and redistributing benefit.
This implication coincides with both the theoretical and empirical findings on the
cooperation mechanism developed in apprenticeship programs (Culpepper, 2003b). In
their comparative study of the training system in Germany and Britain, Finegold and
Soskice (1988) stress that the success of Germany is due to its intensive cooperation
between employers and their representative organizations. They concluded that this
cooperation eased the collective-action problems that occurred in the training process.
Soskice (1994) took this point further, noting that high-level associations for business and
labor are key to apprentice retention. He contended that cooperative relationships
between employers and unions can better structure the skill-formation process and check
29

apprentice poaching, thereby minimizing the attrition hazard. In a similar vein, Culpepper
and Thelen (2008) observed that high levels of union-management cooperation are a
strategic component of German’s apprenticeship programs, in which management seeks
assistance from unions to stabilize their workforce in exchange for the latter’s control
over price and skill standards. Empirically, Mohrenweiser et al. (2011) showed that only
2.9% of apprenticeship firms in Germany experienced poaching.
In the context of the United States, four types of cooperation strategy are available
to employers when they initiate apprenticeship programs. Four different institutional
settings at constitutional-choice level will be created based on employers’ decisions.
These are:
Individual non-joint strategy. A traditional form of employer-led training. This
type of apprenticeship program is held by single employer, without cooperating with
unions or other employers.
Individual joint strategy. A single employer joins with unions to initiate
apprenticeship programs. In this arrangement, employers can receive support from
unions. The function of unions is that they can reduce apprentice turnover and maintain a
fixed apprentice ratio to hold specific training. In exchange, unions co-determine with
employers issues including the admission of new apprentices, training content, and skill
standards
Empirically, Berik and Bilginsoy (2000) compared the training outcomes of joint
and non-joint programs. Using data from the Apprenticeship Information Management
System, they adopted a multinomial logistic model and found that the attrition rate in
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joint programs is significantly lower than in non-joint programs. In a similar vein,
Bilginsoy (2003) used survival (event history analysis) models to analyze the attrition
rate among apprentices in the construction industry. He also found that apprentices in
non-joint programs are roughly twice as likely to quit as those in joint programs.

H2a: Joint programs have higher retention rates than non-joint programs

Group non-joint strategy. Individual employers join with one or more other
employers (potentially including their competitors) to hold apprenticeship programs. This
can internalize training externalities and lessen the occurrence of poaching behaviors.
Using the Registered Apprenticeship Information System data from 30 states over
the period 1995-2003, Bilginsoy (2007) adopted survival models and compared the
retention outcomes of four different types of apprenticeship program in the construction
industry. He found that the group programs outperformed individual programs in terms of
apprentice retention, but that joint programs had better retention outcomes than non-joint
programs, regardless of whether the non-joint ones were held by individual or multiple
employers.

H2b: Group programs have higher retention rates than individual programs, but
both have lower retention rates than joint programs
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Group joint strategy. An individual employer joins with other employers and
unions to hold apprenticeship programs. This arrangement can reallocate training costs
among employers but also receive support from unions.

2.2.3 Service coproduction perspective: will more general training help in retaining
apprentices?

At the collective-choice level, another strategy employers can adopt is to
collaborate with community or vocational colleges. These two-year institutions are
available to local employers who require support for general training after they initiate
apprenticeship programs. This cooperation constructs a coproduction arrangement among
employers and educational institutions, but the latter are not involved in any employment
or training other than educational activities during apprenticeship. In this arrangement,
there is a clear division of labor for colleges, which are providers of education services.
Employers are customers who pay for improved productivity of their apprentices.
Furthermore, employers can control the dropout problem insofar as apprentices are more
willing to stay in apprenticeship programs in exchange for more general training. In
short, coproduction is a strategy employers can pursue to stabilize the resource regime at
the collective-choice level.
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Co-production refers to the idea that consumers actively participate in service
delivery along with professional providers15 (McGinnis, 2011). Ostrom (1996) has
defined coproduction as a process through which inputs from individuals who are not in
the same organization are transformed into a good or service.16 It is a socially constructed
process in which multiple stakeholders agree to serve in exchange for commitments from
others (Bovaird, 2006). Their focus is on whether the coproduction mechanism formed by
stakeholders can improve resource outcomes.
In the case of apprenticeships, community colleges are professional providers
who train apprentices, while employers are simultaneously the consumers and the
training providers. Employers actively participate in the process by providing specific
training. They work exclusively on the usage of apprentices. There are two implications
we can derive from this form of coproduction. First, the influence of unions on
apprenticeships in terms of training capacity may be lessened, because employers can
substitute more professional and standardized service providers. Employers have strong
incentives to conduct this substitution. The presence of technical and community colleges
can provide another source of qualified instructors for employers to leverage,

A typical example is the parents’ involvement in schools’ delivery of education services (Marschall,
2006). The consumers, parents in this case, turn to active participation in schooling along with professional
service providers, aiming at improving education quality. This involvement is commonly seen in struggling
school districts among minority families.
16
The call for coproduction originates from Ostrom’s work (1978) in discussing malfunctions in the
delivery of police service. She claimed that public servants are less committed to the service in the absence
of inputs from citizens as coproducers. Later, research in coproduction expanded to other fields, such as the
improvement of educational performance (Davis & Ostrom, 1991) and parental involvement in schooling
for better student achievements (Marschall, 2006).
15
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constraining the bargaining power of unions. It is expected that programs that do not
cooperate with unions will have more apprentices in these two-year institutions.
Secondly, the co-training process changes how the training cost is paid for and
shared between employers and apprentices (Gunn & De Silva, 2008). In their report
covering five state apprenticeship programs, Gunn and De Silva noted that employers
who collaborate with technical or community colleges required apprentices to pay tuition
first. Although employers would reimburse at a later stage, this reimbursement was
contingent on apprentices’ performance in school. Apprentices had to pay independently
if they failed or dropped a class. Potentially, this arrangement shifts the cost burden to
apprentices.
Admittedly, dual enrollment in apprenticeship programs and two-year institutions
is attractive to apprentices, as found by Lerman (2011, 2012). Apprentices have greater
incentives to stay in these programs because employers pay for their tuition and they can
receive formalized training in schools. However, Gunn and De Silva pointed out that
actually the apprentices pay themselves through different public funding channels in the
name of their employers, though employers claimed to bear the full training cost.
Consequently, this coproduction process places a heavy burden on those apprentices who
cannot acquire independent funding sources for their schooling. They need to support
themselves through borrowing or other sources at the beginning. It is expected that those
apprentices who enroll in two-year institutions but do not acquire funding support have
greater incentives to leave the programs.
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H3: Enrollment in two-year institutions increases the retention of apprentices, but
this retention is conditional on funding support

2.3 Integrated Model

This study applies the IAD framework to investigate the above-mentioned
conditions in apprenticeship programs. Specifically, this study explores the impact that
the dynamic between employers, unions, and community colleges have on training
outcomes among apprentices. We aim to analyze their retention at the intersection of
employment, training, and educational activities, with the further aim of understanding
how these outcomes – as well as institutional factors – contribute to the low level of
human capital investment among employers.
Based on the discussion in the previous sections, we derive four hypotheses
regarding the operational, constitution-choice, and collective-choice levels, respectively.
These hypotheses shed light on the reasons apprentices, considered as resources, can be
depleted in the apprenticeship system. These are:
H1: The more general training is provided by employers in apprenticeship
programs, the less apprentices drop out of the programs.
H2a: Joint programs have higher retention rates than non-joint programs.
H2b: Group programs have higher retention rates than individual programs, but
both have lower retention rates than joint programs.
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H3: Enrollment in two-year institutions increases the retention of apprentices, but
this retention is conditional on funding support.
As discussed in the previous sections, these three levels are nested, which means
that our hypotheses overlap (as Figure 1). Collective-choice rules determine how
operational level rules are set; in the same manner, constitutional rules determine how
collective-choice rules are set. Therefore, further comparison of these rules is needed in
order to know how these hypotheses fit with each other, i.e. whether they are competing
or complementary perspectives. Our analysis is developed in the following steps:
First, we identify particular employers, unions, and community and technical
colleges as the actors in the IAD framework. These actors cooperate in different forms to
train a pool of human resources.
Second, theories that explain training and cooperation behaviors among the actors
are applied to generate theoretical models of their interactions and the resulting
outcomes.
Third, we apply statistical models to examine these theories. This examination
uses empirical information from employers and education institutions.
Fourth, we use apprentice retention, which is a measurement of the resource
sustainability of this institutional arrangement, as our evaluative criterion for
apprenticeship programs. We define apprentice retention as the success of program. For
research convenience, retention and dropout are used interchangeably in this study. Those
who are not retained is automatically considered to have dropped out, and vice versa.
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Lastly, we apply a second statistical model to gain an understanding of the
feedback impact on employers’ decisions; that is, how training outcomes affect
employers’ levels of human capital investment in the next round.
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CHAPTER 3: METHODOLOGY

The chapter descries the measurement, data, and research methods employed. The
first section introduces the data sets used in this study. The second section describes
variables and measurements. The third section outlines the research method applied in
this study.

3.1 Ohio and data sources

The discussion in this section give us a general picture of apprenticeship programs
in Ohio. Overall, apprenticeship programs have increasingly relied on cooperation with
unions and community or technical colleges. The percentage of training held by multiple
employers, unions, and two-year institutions has increased over time, but less than half of
the apprentices have completed training. Data sources that can capture the education and
employment activities among these actors are needed to identify the factors of low
retention.
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Ohio ranks third in both the number of sponsors and their demand for apprentices
at the first quarter, 2012, in the United States, according to the data17 from the Office of
Apprenticeship, Department of Labor. Employers in the construction industry remain the
largest group of sponsors (see Appendix A2), but their significance is continuingly
declining. At the state level in Ohio, employers in the construction industry represented
54% (587/1080) of the total number of apprentices at the first quarter, 2012, down from
75% ten years ago. The portion of employers who participate in apprenticeship programs
in manufacturing and service sectors is increasing over time.
Generally, the number of apprenticeship programs as well as apprentices in Ohio
has continuingly declined over the past decade (see Appendix A3). The numbers of
programs and apprentices are down from 848 and 7,245 at year 2000, to 322 and 2,819
respectively at year 2010. This sharply decline indicates a great number of employers in
Ohio withdraw from investing the resource regime during last ten years.
When comparing different shared strategies at the constitutional level (see Table
1), employers who train apprentices individually train a larger fraction of total
apprentices, compared with those employers who work with other employers or unions.
However, this fraction of employers in apprenticeship programs is decreasing over time.
The percentage of the employers who adopt cooperative strategies in apprenticeship
programs in Ohio has increased from 41% in 2000, to 58% in 2010.

Because of the limitation of agreement with our research collaborator (Mathematica), we can only access
the apprenticeship data in Ohio. In order to compare with other states, we access another open source,
which is a website provides information regarding demand of apprentices and the collaboration among
schools in different states. See http://pathwaystosuccess.workforce3one.org/
17
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Among the cooperative programs, the fraction of employers who adopt a strategy
of working with other employers and unions grows faster than other types of cooperative
strategy. The percentage of employers who hold apprenticeships with unions has
increased from 18% in 2000, to 41% in 2010. In contrast, at the individual basis,
employers who initiate apprenticeships in Ohio tend to cooperate less with unions; the
percentage of joint program has declined from 20% in 2000, to 8% in 2010.
With regard to the number of apprentices, employers who adopt a strategy of
working with other employers and unions train the most apprentices in Ohio, whereas
employers who cooperate with other employers train the less (see Table 1). The former
also have longer training duration, but training includes fewer on-the-job training hours
(see Appendix A4 and A5).
At the collective-choice level, employers who adopt a strategy of working with
other employers and union provide more general training in school than the rest of three
types of employers. Eleven community or technical colleges partner with the employers
in holding the general training18 in apprenticeship programs in 2012 (see Appendix A1).
As for the training outcomes, no state-wide investigation has been conducted, but
a survey of the local employers in the Great Cincinnati area showed that around 55% of
the apprentices dropped out of the program in the southwest Ohio region alone from year

The occupation training provided by these two-year institutions include maintenance mechanic,
automobile/bus, machinist, tool & die, landscape and horticultural services, plastics, welder, machine
repairer, millwright, pipefitter, plumber, tool maker, die maker, bench, stamping, repairer welding systems
& equipment, mechanics industrial truck, carpenter, electrician industrial maintenance, and electrician. See
http://pathwaystosuccess.workforce3one.org/
18
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2000-06, which represents a 7 million dollars loss for over 500 apprentices per year
(Steward & O’Brien-Turco, 2010). High training losses associated with high cancellation
and turnover rates among apprentices is the employers’ primary concern. This high
attrition and turnover rate not only means the employers would bear the loss in training
cost, but leads to the question that whether institutions work.

3.1.1 Data Sources

Administrative data has long been used for state program evaluation. While
randomized experiments can provide better specification of model and avoid selection
bias, administrative data is more wildly used in education and workforce program
settings because of the ethical issues involved. Administrative data is especially
preferable for evaluation purpose when the program performance is routinely collected
and monitored by administrators (Hollenbeck, 2005). This characteristic enables
researchers to construct a longitudinal data set, which can take individual heterogeneity
into account and better assess causality. As for the concerns about biased estimators,
matching techniques can be applied to adjust program impact (Mueser, Troske, &
Gorislavsky, 2007). Another advantage of using administrative data is that it allows
researchers to track the same individuals across different data systems over time. For
example, for those who trained in apprenticeship programs, their labor market experience
and schooling history can be tracked.
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This study incorporates administrative data sets from two data sources, the
Registered Apprenticeship Program Information Data System (RAPIDS) and Higher
Education Information (HEI) system. First, individual apprentice data from RAPIDS is
used to document the training information from employers. Second, RAPIDS is linked
with HEI data sets, allowing researchers to combine the education information among
those apprentices who are enrolled in community or technical colleges19. Variables in
RAPIDS and HEI, which are the RTI instruction approach, program id, and institution id,
are also used to double check apprentice’s schooling status20. This combination enables
us to track the behaviors over time.
This study is focused at the 2007-08 entering cohorts, including 6,986
apprentices21 clustered within 520 apprenticeship programs. The status of apprentice
resource is tracked over a four-year period. The apprentices are then separated into four
types of apprenticeship programs, which are individual, joint, group and joint, and group
programs. The sample sizes for these four groups account for 21 percent, 5 percent, 63

Department of Labor reveals information about the technical or community colleges that have
articulation agreements with registered apprenticeship programs to provide related instruction in each
states. The list of these two-year institutions is accessed and used to confirm apprentices’ enrollment in
both apprenticeship and school. https://pathwaystosuccess.workforce3one.org/
19

RAPIDS also has a link variable to the two-year institutions that employers cooperate with. However,
this data set only record the registration information when employers start their programs. Therefore, this
link variable cannot provide the most current information about the cooperation with higher education
institutions. But it can serve to confirm our linkage to HEI is correct.
20

The original sample size in RAPIDS data sets for these two-year period is 10,566, clustering in 609
programs. However, we can only track 6,986 of them because not all apprentices provide social security
numbers at the time they join apprenticeship. This leads us shrinking our sample to those can track their
status in HEI system, which is also the research strategy adopted in another apprenticeship study. See Reed
et al.(2012).
21
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percent, and 11 percent respectively, as shown in Table 1. Almost 77 percent of the
apprentices are trained under cooperative setting at constitutional level. When
considering college enrollment at the collective-choice level, 4,261 out of 6,986
apprentices have enrolled in two-year institutions during their participation in
apprenticeship, accounted for 61 percent of the total sample. Which is to say, the data
itself illustrates the power of tracking apprentices into different institutional settings.
In this study, apprentices’ employment, training, and education activities are
tracked until the event occurrence or the right censored time, which is at the end of
December, 2010. The event occurrence refers to the idea that apprentices participate in
the programs until they leave22; from the perspective of programs, it is the idea that
apprentices attrite with time. There are three reasons for constructing data in this way.
First, HEI data is available from year 2007 to 201023, which means we can only track
apprentices’ activities in this time period. Second, the average length of apprenticeship
programs is three years. If our data period is from 2007 to 2010, cohorts in 2007 and
2008 would be better candidates compared with later cohorts. It is expected these two
cohorts finish most of their training by the end of 2010, which is the right censored time
of this study. Third, the average training duration in apprenticeships is three years and the
most current and complete data in RAPIDS is the year 2010, which means employers

Two outcomes involved in this definition: training attrition and completion. This study will focus on the
first type of outcomes. Therefore, training completion presents a competing risk to attrition. To simplify the
model, we treat completion as a randomly censored “non-event”, which will be denoted as zero in our
logistic model with a date they finish training.
22

23

Although RAPDIS data sets starts from 2000, HEI data sets are only available after 2007.
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data in year 2007 would be a good candidate if we want to know the feedback on
strategy. Employers in year 2007 will have full training information on year 2010 to
make their next round investment.

3.2 Variables and measurements

This study aims to analyze the impacts of institutional as well as individual
factors on retention outcomes. To test the hypothesis we proposed in chapter 2, as shown
in Table 2, it is necessary to demonstrate how the concepts are measured. One event
history model and two OLS regression models will be used in this study. The variables
and measurements in this study are discussed in the following sections.

3.2.1 Variables

3.2.1.1 First model

Dependent Variables
Apprentice retention
Apprentice retention refers to the idea that apprentices continue their participation
in a program till they quit; put it in another way, it is the attrition hazard during training
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process. A time perspective helps in better operationalizing this idea. For this purpose, we
define retention as the time to cancellation of apprentices in apprenticeship programs.
Independent Variables
Independent variables are constructed to test the theoretical hypotheses about
apprentice retention. These variables describe the conditions that may lower the attrition
hazard among apprentices. Seven independent variables are identified in this study:
Firm size
Firm size may have an impact on firm training and hence influence apprentice
retention. The larger the firm size, the more standardized and general its training (Bishop,
1989). In this study, it refers to the number of employees in a company.
Firm capacity
Firm capacity may influence firm training. In apprenticeships, employers need
assistance from journeymen workers to deliver on-the-job training. This implies that the
more journeymen workers in a company, the more capable the company is to conduct
specific training for apprentices.
Wage difference
The wage difference promised after training may help retain apprentices. Large
wage difference between journeymen worker and apprentices can be used as an incentive
in the training process.
Cooperation types
Cooperative relationships between employers and unions can better structure the
skill formation process in apprenticeships and check apprentice poaching from potential
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competitors, thereby minimizing the attrition hazard. There are four types of cooperation
strategy in apprenticeship programs, which include:
1. Individual Non-joint Program: individual employers hold training by
themselves;
2. Individual joint Program: individual employers hold training with unions;
3. Group Non-joint Program: individual employers hold training with other
employers;
4. Group Joint Program: individual employers hold training with other employers
and unions.
Training types
Instruction is an essential component in the apprenticeships that nurtures
journeymen workers in different trades and crafts. There are two types of training in
apprenticeship programs:
1. General training, which is the related training instruction;
2. Specific training, which is the on-the-job training.
Training hypotheses assume that apprentices would prefer general training
because it is transferable, while employers would favor the latter training for its direct
and limited application. Therefore, high apprentice attrition occurs in a program that
emphasizes specific training.
Enrollment in two-year institutions
Employers partner with community or technical colleges when holding general
training in apprenticeship programs. In this study, this presence refers to the idea that
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apprentices enroll in community or technical colleges during their training process.
Coproduction hypotheses assume that the more employers in apprenticeship programs,
the more apprentices will be trained in these two-year institutions.
Funding source
Coproduction hypotheses assume that the presence of funding will increase the
possibility of retention among apprentices.

3.2.1.1 Second (feedback) model

Dependent Variables
Number of apprentices
The number of apprentices indicates the level of resource investment from
employers at operational level.
Number of dual enrollment
The number of apprentices who acquire dual enrollment indicates the degree of
cooperation employers made at collective-choice level
Independent Variables
Number of dropout apprentices
The number of dropouts indicates the degree of resource attrition in
apprenticeship regimes.
Number of apprentices who complete training
The number of competed apprentices indicates the degree of success.
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Cooperation types
As the first model, four types of cooperation strategy in apprenticeship programs
will be applied in this model.

3.2.2 Measurements

3.2.2.1 First model

Apprenticeship programs are structured employer-led training. The programs are
highly standardized, following a procedure to assure training performance and quality.
Structured training also means that researchers measure training activities in these
programs. We can assess all program information in the RAPIDS system. Variables from
RAPIDS and HEI data sets are applied to construct our measurement.
Apprentice retention
We measure the time for apprentices to cancel training for this variable. This
measurement comes from RAPIDS. The registration and cancellation date for apprentices
is recorded, as shown in Table 2.
Firm size
We measure the firm size by using the number of workers in training company
from RAPIDS. The firms are those that held training from 2007 to 2010.
Firm capacity
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We measure the firm capacity by using the number of journey workers in training
company from RAPIDS.
Wage difference
Employers documented apprentices’ entry and promised journeymen wages when
they enroll in the programs. We measure the wage difference by using the entry wage of
apprentices and wage of journeymen workers documented by training company from
RAPIDS.
Cooperation types
We measure the cooperation types by using the types of program documented by
training company from RAPIDS. Additionally, the number of employers in the program
is used to measure the strength of cooperation.
Training types
We measure the intensity of training by using the number of credit hours per
apprentice in two areas (on-the-job training and related training instruction).
Enrollment in two-year institutions
We measure the enrollment in two-year institutions by using apprentices’
enrollment in technical/ community colleges from HEI data. This is a time-varying
variable.
Funding sources
The information regarding apprentices’ funding sources is from HEI data. We measure
the presence of funding programs for apprentices. This is a time-varying variable.
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3.2.2.1 Second (feedback) model

Number of apprentices
The number of apprentices in the programs. This is the number of apprentices at
year 2010. We measure the difference between the number in year 2007 and 2010.
Number of dual enrollment
The number of apprentices who acquire dual enrollment in community or
technical colleges. This is the number of dual enrolled students at year 2010. We measure
the difference between the number in year 2007 and 2010.
Number of dropout apprentices
The number of apprentices who leave the program before completion. This is the
number of people who dropped out in the cohort of year 2007.
Number of apprentices who complete training
The number of apprentices who leave the program before completion. This is the
number completed in the 2007 cohort.
Cooperation types
As the first model, we measure the cooperation types by using the types of
program documented by training company from RAPIDS. This is limited to the
employers who initiate programs at year 2007.

50

3.3 Research design and method

3.3.1 Research design

Treatment and counterfactual settings
Estimating the impact of independent variables presents a challenge to researchers
who use administrative data in non-experimental settings. To precisely gauge the
treatment effect, we create a treatment and counterfactual treatment settings by clustering
apprentices by program types. This strategy allows us to structure our research that
accounts for treatments (three types of cooperation) and counterfactual (non-cooperation)
settings and to control for the effect of institutional cooperation. Furthermore, under this
structure, it is expected that the information about apprentices’ employment, training, and
education activities can result in better understanding of what institutional factors
determine apprentices’ decision to leave before completion.

3.3.2 The use of Event History Analysis

Our primary research question is whether the employers can secure their training
investment on apprentices in the programs. Consequently, we set the unit of analysis as
the employers at program level in order to track their status over time. Expressed in forms
of linear regression, a model can be derived as follow:
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timej = β0+β1X1〔β2X2+ β3X3….〕+ β4 X4 +u j

(1)

In the formula, timej refers to the time for an apprentice j to leave the program,
given the presence of covariates. However, this model is inappropriate because it assumes
a normality of time to an event (Cleves, Gould, & Gutierrez, 2008, p. 2). Realistically, the
distribution of the failure time cannot be a linear format. Cases like early failure or rightcensored24 data are common, which would make the distribution follow an exponential
pattern. In this sense, Event History Analysis (EHA) can be a better fit in modeling the
change of time-varying pattern among apprentices. Compared to the linear regression,
this duration analysis technique is preferable when the probability of experiencing an
event increases with time (Allison, 1984). A time perspective is useful when considering
the distribution of this probability does not equally spread across the observed time span
(DesJardins, 2003, p. 423), because it can treat cases in the model and use their
information efficiently. EHA can give more weight to early failure cases and efficiently
use the information from right-censored one.
Accordingly, we construct a person-period data structure to capture the dynamic
of apprentices’ training, employment, and education activities during the time at risk.

Some cases in the initial period tend to have higher probability of experiencing the event, while others
may not experience this event until the end of observation period. The former and the later are called “early
failure” and “right-censored” cases respectively. From a statistical perspective, traditional regression can
also deal with event history data by using a binary logistic model. However, this model gives the early
failure cases the same weight as those experiencing the event in the later stage. Furthermore, right-censored
cases cannot be counted in logistic models, for all these cases are also at risk of experiencing event during
observed period. They are considered non-informative cases that cannot contribute information.
24
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This structure of single-spell duration data is fit for transition model using EHA method
(Box-Steffensmeier & Jones, 2004, p. 12; S.L DesJardins, Ahlburg, & McCall, 1999).
For analysis purpose, our original dependent variable, the apprentices’ time to
cancellation, is transformed to the hazard function or hazard rate of experiencing failure,
as shown in (2).

H( t | Xj )= h0(t) exp(β0+β1X1〔β2X2+ β3X3….〕+ β4 X4)

(2)

This function contains two parts. The first exponential function prescribes how
the hazard rate varies with respect to covariates of interest; the risk of experiencing
failure can then be expressed in forms of correlation with independent variables. The
second function describe the baseline hazard function, h0(t). The shape of this function
form could be parametric, semi-parametric (in Cox model), or non-parametric (in
discrete-time hazard model). We apply discrete-time hazard model in our empirical data
analysis. The rationale for this decision is discussed as follow.

3.3.2.1 Discrete-time approach

There are two reasons for using discrete-time approach, instead of choosing
parametric or Cox hazard models. First, discrete-time method is simpler to comprehend
and well understood by social scientists (Allison, 1984; Singer & Willett, 2003, p. 325).
Discrete-time method treats survival time as categorical dummy variables to capture the
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time dependency pattern in the data. The dependent variable in this methodology can be
simply treated as binary or categorical outcomes so that a logit or probit model can be
applied, in which it is more intuitive and the coefficient is easily understood (Beck,
1996). Even though there is concern about whether or not the time to an event is
continuous in nature, duration data is actually recoded in discrete time format (BoxSteffensmeier & Jones, 2004, p. 69). Event occurrences are documented at discrete time
intervals, for example, days to dropout of the programs.
Secondly, compared with continuous time method, either parametric or Cox
model, discrete-time method is a better fit to our sample data. We apply chi-square and
AIC tests to compare this model with continuous time model, using logistic form of
binary outcomes. The result of these two goodness of tests shows that discrete time
model is statistically different from the continuous one and has a lower AIC, as shown in
Appendix A7. That is, discrete time model can better capture the dynamic in our sample.
The expression of discrete-time method is relatively simple. The duration
expression in (1) can be transformed into the probability a logistic distribution, by which
denotes the hazard probability of an event will occur, as shown in (3). αyearjDYearj
represents the temporal dummy variable that captures the time dependency pattern in the
data.

λit= 〔αyear1DYear1+ …+ αyearjDYearj〕+β0+β1X1〔β2X2+ β3X3….〕+ β4 X4 +u j

54

(3)

And, the probability of a nonoccurrence can be denoted as 1-λit. Then, we can
specify the distribution function in a logit format. The effect of covariates in model can
be expressed in forms of taking a log with the duration expression in (3), which is,

log(λit/1-λit) =〔αyear1DYear1+ …+ αyearjDYearj〕+β0+β1X1〔β2X2+ β3X3….〕+ β4 X4 +u j (4)

This function specifies λit in terms of the log-odds ratio of the probability of an
event occurrence to the probability of a nonoccurrence. The coefficients in this function
are interpreted as the log-odds of an event occurrence, given a specific covariate presents
and holds other in constant. This is the logit specification of hazard (log-odds ratio),
which is not intuitive and hard to interpret the outcome. Therefore, we will transform the
results into odds, or so-called odds ratio, as shown in (5). Odds is defined as the ratio of
the probability to its complement, or the ratio of failure to success cases. The relationship
between odds and probability is also shown in (6).

Odds= P (failure)/ 1- P (failure)

(5)

Probability =odds/1+odds

(6)

3.3.3 Simple regression

In order to construct a feedback model to know the impact from outcomes on
collective-choice and operational levels, two simple regressions will be performed, using
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the number of change in apprentices and dual enrollment between year 2007 and 2010 as
the dependent variable, and each of the three above mentioned factors as independent
variables. The tests will control for the variables we used in the first model: firm size,
firm capacity, and the number of employers in the programs.

3.3.4 Summary

Overall, this study plans to examine how different institutional actors as well as
individual training preference impact apprentice dropout from a time perspective. We
adopt discrete-time method to account for these impacts. Various time-varying variables
such as school enrollment are also included. Furthermore, this study applies theories from
on-the-job training, common-pool resources, and co-production to construct a theoretical
framework that can provide insights into the impacts from different levels.
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CHAPTER 4: RESULTS

This chapter is composed of three sections. The first section provides the
descriptive data analysis; the second section introduces the results of event history
analysis (EHA) model and two regression models, and the last section is to respond to
proposed research questions. The discussion on EHA model estimation, fitting and
selection is also presented, as detailed in Appendix A6. Coefficients in the final model
are used to answer the research questions. Specifically, results from discrete-time model
are applied to reveal the conditions that contribute to apprentice retention in the
programs; and results from two OLS models are used to learn the impact of training
outcomes to collective-choice and operational levels.

4.1 Descriptive data analysis

The general information regarding the final sample in this study is provided as
Table 3. The data is from the 2007 and 2008 entering cohorts in Ohio apprenticeship
programs, or 6,986 apprentices in 520 programs. Among apprenticeship programs, 286 of
them are in cooperation with other employers or union, while another 234 programs are
sponsored by employers individually. As for apprentices, 79 percent of the apprentices
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are trained under the cooperative setting, and 61 percent of them are simultaneously
enrolled in technical or community colleges during training period. To clarify, these
numbers are based on the individual apprentices that reported their key id in RAPIDS
systems, as stated in previous chapter. We lost those apprentices that could not be
tracked.

4.1.1 Program characteristics

The information regarding background characteristics of programs and the
distribution of time to event, training hours, and firm capacity by program types is
provided as Table 4. Generally, apprenticeship programs are held by one or multiple
firms that have a relatively large number of employees and journeymen workers. The
average number of employers, workers, and journeymen workers in the programs are
140, 1,032, and 1,080 respectively. These facts feature the cooperative characteristic of
apprenticeship training and distinguish it from traditional firm training.
The training in these programs is conducted within and outside firms, as both onthe-job training (OJT) and related training instruction (RTI). Overall, training firms
require apprentices to receive more credit hours in OJT than for RTI, which makes this
training more narrowly focused. To compensate with general training, over half of the
programs conduct their RTI courses in collaboration with two-year institutions during
observation period. Noticeably, another fact in the training is that OJT requirements from
employers in apprenticeship differs by gender. The credit hours requirement for females
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to receive OJT is less than half of their male counterpart. The average length of the
program is 6,775 hours, roughly 3.2 years, which is close to the national median tenure
for young workers at 201025. These training firms promise apprentices promotion to
journey workers after training, with an average hourly wage of 9 dollars increased.
There are some significant differences when comparing the training content,
collaboration, and job promotion by program types. Compared to other programs, group
joint programs tend to schedule more RTI training hours and cooperate with technical or
community colleges. Firms that hold group joint programs also have more journey
worker and offer greater wage increases after training. In contrast, individual non-joint
programs tend to offer fewer RTI training hours, shorter stays in two-year institutions,
but more OJT credit hours in the program. Moreover, employers who hold apprenticeship
individually schedule low wage increases after training. The average wage increase in
individual non-joint programs is only one-third of that is for group joint programs.

4.1.2 Individual characteristic

As for apprentices, the majority are male (96%) and white (77%), with education
attainment that is equal to or above high school level (87%). The average age of these

Counted by 8 hours per day, 22 days per month. Reed et al (2012, p. 22) compared this number with
national statistics on the median tenure for wage workers between ages 25 and 34, which is 3.1 years at
2010. They held that apprentices are comparable with other young workers because they experience the
same length of time with their employers. Statistics information is from Bureau of Labor Statistics,
http://www.bls.gov/news.release/tenure.t01.htm
25
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apprentices is 31 years old; over half of them are between 20 to 34 years old. Considering
the fact that apprenticeships are training program for new hires, this indicates that there is
a gap between the time apprentices graduating from school and starting entry level jobs.
The majority (71%) are trained in the construction industry, as shown in Table 5; public
administration26 ranks second (12%). In their survey of the sponsors nationwide, Lerman
et al. (2009, pp. 23–24) indicated that the characteristics in construction industry makes
apprentices leave before completion. They pointed out that apprentices transfer among
apprenticeships in construction industry are more commonly seen and hence increase
their probability of dropout. We will include this industry characteristic in our later
analysis.
As for the category of occupations, electricians (18.9%), carpenters (10.8%),
plumbers (10.6%), and machinery mechanics (9.6%) are the top four occupations for
apprentices. The first three of four occupations represents 40 percent of all 2007-08
apprentices in the state of Ohio, which is similar to the distribution in 2010 entering
cohort among ten states (Reed et al., 2012, p. 42). These three occupations are also the
traditional ones across apprenticeship programs nationwide.

4.1.3 Training outcomes

We use North American Industry Classification System, or NAICS category to analyze the industry of
apprenticeship programs. In the NAICS category of public administration, apprenticeships are run by
different public agencies, for example, correctional agency.
26
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With regards to the final outcomes, 3,011 out of 6,986 apprentices, approximately
43 percent of the final sample leave before program completion, as shown in Table 4.
This number is lower than the regional average surveyed in Greater Cincinnati (Steward
& O’Brien-Turco, 2010), which is 55%, and ten states average in Reed et al’s (2012)
report, which is 54%. As for programs, 320 out of 520 programs experience early
departure among apprentices during training.
The percentage of apprentices that leave before completion and their time to this
departure differs by program types and enrollment status. At the end of the period of
observation, the percentage that leaves is highest for individual non-joint programs when
comparing different types. After dividing into enrollment status, apprentices who are in
individual non-joint programs and not enrolled in two-year institutions have the highest
percentage of dropout.
As for the time to leave the programs, the mean time among apprentices is 458
days, approximately 1.3 years. When comparing different program types, apprentices in
joint programs have the shortest time to event on average. Further dividing by enrollment
status, those apprentices who are in joint programs and do not enroll in technical or
community colleges tend to leave the program faster.
In sum, employers who hold apprenticeship programs individually and do not
collaborate with two-year institutions have a higher percentage of apprentices leave
before training completion, compared with other programs. The average time to event
also varies by programs type and enrollment status. One thing we need to bear in mind is
that programs also differ in their training capacity and components. More techniques
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from event history analysis are needed to know how different program types, enrollment
status, and training content lead to final outcomes.

4.1.4 Estimated survivor function by program types, enrollment and funding status

By using Kaplan-Meier methods, we estimate the survivor function by the
program types, apprentices’ enrollment and funding status, as shown in Appendix A8.
These graphs visualize the general trend of survival, or retention among sampled
apprentices in different settings. All three predictors satisfy the proportional hazard
assumption, because the graphs of the survival function versus the survival time results in
a graph with parallel curves (Cleves et al., 2008, pp. 203–206). These parallel lines
indicate the predictors are proportional.
Generally, the estimates concur with our previous finding. Apprentices in
programs where employers cooperate with other stakeholders have greater survival
estimates during the period of observation, compared with those apprentices trained in
individual programs. Those apprentices enrolled in technical or community colleges with
funding support also demonstrate higher survival functions over time. These subgroup
differences in the survivor functions are statistically significant. When testing by Logrank test as shown in Figure 4.2, all four different chi-squared values associated with the
test are sufficiently large (associated p-value sufficiently small).
Some critical time points of the transition can be seen in Table 6, which
corresponds to the curves in graphs. As the table indicates, for those apprentices who are
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not enrolled in two-year institutions, or those who in programs are held by employers
individually or collectively, their survivor function decreases by half after 732 days.
Those who enrolled but do not acquire funding, the time to half the survival function
occurs at 1,278 days after the program starts.
In essence, both descriptive statistics and test statistics results indicate the time for
apprentices to quit differs by their program types, enrollment and funding status. The
later statistics result supports our categorization by cooperative strategies, enrollment,
and funding status. The subgroup difference is significant enough in terms of their
survival function.

4.2 Model estimation and results

4.2.1 Event history model

As noted, discrete time hazard model is applied in this study to assess the survival
probability that individual apprentices retain in observation period. Based on this
specification of discrete time model, we fit our sample in a person-period data structure.
This fitting requires a transformation from wide to long structure, by which increases our
observations from 6,986 to 38,254. The last event occurs at 1,460 days after indenture,
which is four years after joining apprenticeship programs. Accordingly, we create four
temporal dummy variables, denoted as year 0_1 to year 3_4. The participation of
apprentices in apprenticeship program are coded based on the program types, which are
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individual, joint, group joint, and group programs. This enables the investigation of the
impact of different types of cooperation on final outcomes.
The baseline model contains temporal and demographic variables, as shown in
Table 7. The nocons options is used so that the dummy variables for all of the time
periods are included. Firm characteristics, program type, training content, and enrollment
and funding status are later incorporated to build five theoretical models, on the basis of
the hypotheses we proposed in previous chapter. These models are ranked by goodnessof-fit measure, which is AIC. As Table 7 suggests, the Hypothesis 3 model has the lowest
AIC score (10617.48) among the four candidates, which means this model can have a
better fit to our data. We choose this model as our final hazard model, containing
demographic, industry, program, enrollment, and funding variables as well as interaction
terms.
Noticeably, all the five candidate models demonstrate significant time
dependency patterns. As models predict, the temporal variable is among one of the
strongest predictors for apprentices’ dropout. The log-odds of these time variables
changes with the year apprentices stay in the programs. Which is to say, the odds of the
apprentices quitting the programs depends on the time point they stay. This pattern not
only suggests it is more appropriate to apply discrete time model to our sample, but
indicates the variables in our model should account for the change in different time point.
Consequently, we break the original time-varying variables into four discrete time
variables, denoting the enrollment and funding status at each specific time point. Overall,
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the results of the final model are documented as follows. For research convenience,
retention and dropout are interchangeably used in the following discussion.

4.2.2 Results of the final model

The results of the final model are shown in the last column of Table 7. As
mentioned, the temporal variables are the powerful predictors in this model. The
coefficient of the year 0_1 is the largest among all other variables, suggesting apprentices
who enroll in the first year training are at a higher likelihood of dropout from the
program. The coefficient 3.090 represents that the log-odds of cancellation among these
apprentices increases by 3.090, holding other factors in constant. This result is consistent
with Gunn and De Silva (2008, p. 17) finding in the attrition among first year apprentices
across five states at 2006. Berik (2008) also share the same observation that, in the state
of Oregon, most of the leaves take place in the early stage before substantial skill is given
in training.
Compared with the beginning year (year 0_1), the log-odds of the second year
variables (year 1_2) drop almost in half, indicating a lower likelihood of apprentice
attrition. However, the log-odds raises to 1.921 at the third year (year 2_3). Although the
coefficient drops to 0.030 in following year (year 3_4), this number is not statistically
significant. Generally, the hazard rate of apprentices’ dropout seems to follow an N shape
distribution, suggesting two peaks of timing in our sample.
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Other background factors, including demographic and industry variables, are
discussed as follows. Table 7 suggests that those apprentices who are older, male and
white have lower likelihood of dropout during observation period. Those who have
higher education attainment have lower probability of dropout as well. Additionally,
apprentices who are trained in construction industry have higher likelihood of
cancellation, which is consistent with the findings in a previous national survey (Lerman,
Eyster, & Chambers, 2009, pp. 23–24). The log-odds of dropout among apprentices
increases by 0.254 when the programs are held in construction industry. As for
occupation, apprentices in traditional trades27 (electrician, plumber, and carpenter) have
slightly lower hazard rate compared with all the other skill trades, but the result is not
significant.

4.2.2.1 Program characteristics

In terms of program length, it seems that the longer the duration of program, the
lower the likelihood of apprentices leave before completion, but this result may be
affected by the strong temporal predictors in this model. As table 7 indicates, one day
increase in the length of the program decreases the log-odds of dropout by 0.001, at .001

This definition is made on the basis of two commissioned reports (Gunn & De Silva, 2008; Reed et al.,
2012). In view of technology change, Department of Labor has focused on the expansion of apprenticeship
beyond these traditional trades to more middle skill occupations. With this trend of expansion in mind, we
aim to know whether the risk of dropout will be different between these two.
27
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level of significance. All the other program variables, including firm size and firm’s
capacity to deliver OJT training, are not statistically significant.

4.2.2.2 Program and training type

Table 7 suggests that joint programs, in which a single employer adopts strategy
to cooperate with union at constitutional level, have a lower risk of apprentices’ dropout,
compared with the programs held by employers unilaterally. The log-odds decreases by
0.397 when the apprentices receive their training in joint programs, at a significance level
equal to .001. This result is consistent with the findings among previous studies
(Bilginsoy, 2003, 2007). Those apprentices who trained in group joint programs also
have a lower likelihood of dropout. The log-odds in this type of program decrease by
0.019, however, it is not statistically significant.
As for the training types, both specific and general training can have beneficial
impact on reducing dropout, as shown in second column in Table 7. General training
have greater impact than that is for specific training, however, the formal does not pass
significant level. When disaggregating by program types, the impact of specific training
in programs that are held by single employers stands out. One day increase in credit hours
of specific training can lower the log-odds of apprentices’ cancellation by 0.002, which is
statistically significant at .001 level. Specific training also has the same impact on
reducing dropouts in all the other programs. Regarding general training, the impact of
training in all types of programs is not statistically significant.
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4.2.2.3 Enrollment and financial status

As mentioned, we record the apprentices’ enrollment and financial status in
technical and community colleges by the program types. We record the occurrence of
these two events by years to account for their time-varying effect on dropout.
As Table 7 indicates, enrollment status by program types are strong predictors for
dropout. All types of programs can significantly lower their risk of dropout if employers
adopt strategy to collaborate with two-year institutions, compared with not enrolling.
Among programs, employers who initiate programs with other employers can have
relatively lower likelihood of experiencing early departure of their apprentices. The logodds decreases by 1.183 in group programs if their apprentices were trained in technical
or community colleges, at significance level lower than 0.001. Joint, group joint, and
individual programs rank second, third, and last respectively, in terms of the degree of
decrease in log-odds if their apprentices were enrolled.
As for apprentices’ funding status, the results are in opposite direction to
enrollment status. Those apprentices who receive funding during their stay at two-year
institutions have a higher risk of dropout. When viewing from program types, apprentices
in programs that are held by a group of employers have highest risks of cancellation
when they receive funding; the log-odds increases by 0.936, at significance level lower
than 0.001.
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4.2.3 Results of the feedback models

We perform two regression models to learn the impact of apprentice performance
as well as institutional factors on the employers’ decision. The first model estimates the
influence of training dropout and completion has on the future hiring at operational level.
The second model tries to predict the impact from previous two factors on employers’
strategy at collective-choice level. The sample in both models comes from the 384
employers who initiated apprenticeships at year 2007. They are expected to finish the
training for the cohort of 2007 apprentices and to start their next round hiring at year
2010.

4.2.3.1 Model of apprentice hiring

As for the first model, it seems that apprentice dropout has stronger impact on
employers’ future hiring, compared to training completion. As shown in Table 9, one
apprentice in the 2007 cohort dropout his training decreases the number of apprentice in
2010 cohort by 0.585, holding other factors in constant. Successfully completing the
training does increase the number of hiring in 2010, however, the number is relative
minor and not statistically significant.
With regards to the shared strategy, employers past decision has adverse impact
on their future hiring. The cooperation at constitutional level is the powerful predictor in
this model. Those employers who cooperate with other employers and union lower their
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number of hiring by 3.928 in their programs. Additionally, employers’ decision at
collective-choice level is another stronger predictor. Employers who collaborate with
two-year institutions in year 2007 decrease their number of recruitment at year 2010 by
2.852, at significance level lower than 0.05.

4.2.3.2 Model of apprentice dual enrollment

The second model reveals how employers react strategically at collective-choice
level, based on the past information. As the first model, apprentice dropout in the past has
negative impact on employers’ decision to invest in general education. One apprentice
dropout decreases the number of dual enrollment at year 2010 by 0.384.
As for institutional factors, it seems that employers’ past decision on dual
enrollment at collective-choice level has a strong negative impact. For those employers
who choose to collaborate with two-year institutions at 2007, the number in dual
enrollment decreases by 4.536 in their programs, at a significance level lower than 0.001.
Additionally, the past decision at constitutional level is another strong predictor.
Employers who cooperate with other employers and unions at year 2007 lower their
number of apprentices enrolled in colleges at year 2010 by 2.874, holding all the other
factors in constant.
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4.3 Respond to the research questions

4.3.1 How does the difference in program characteristics in apprenticeship program
affect retention?

One hypotheses have been proposed in our study to test how program
characteristics determine apprentices’ retention. The human capital hypothesis is that, the
more general training provided by employers in apprenticeship programs, the less
apprentices dropout in the programs. We construct one corresponding model, Hypothesis
1 model in Table 7, and apply sample data to test.
The result of this model confirms our assumption that general training can lower
the likelihood of apprentice dropout, however, this result does not pass the significant
level. Instead, besides temporal and demographic variables, it seems that the wage
difference in this model is a more powerful predictor than all the other program
characteristic variables. A dollar increase in hourly wage difference between program
starting and completion can lower the log-odds of dropout by 0.044, at significant level
lower than .001. Also, specific training has modest beneficial impact on retention. One
day increase in the credit hours of specific training decrease the log-odds of dropout by
0.001, at significance level lower than 0.001.

4.3.2 To what extent does the employer cooperation in apprenticeship programs affect
the retention?
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Our hypothesis for this question is that cooperative programs have higher
retention rate than that is for non-cooperative programs. A corresponding model is also
constructed, as shown in Hypothesis 2a in Table 7. As the model indicates, programs that
are held by one or multiple employers cooperate with other employers and union can
lower likelihood of dropout, but this result is not statistically significant. However, other
program characteristics have slightly stronger impact on retention, such as wage
differences. A dollar increase in the hourly wage difference can lower the log-odds of
dropout by 0.043, slightly decrease by 0.001 compared with the same variables in
previous models.

4.3.3 To what extent does the cooperation pattern (joint vs. cooperation) affect retention?

Our hypothesis for this question is that group programs have higher retention rates
than non-group programs, but are still lower than joint programs. That is, those individual
employer who hold programs with other employers can have lower likelihood of
witnessing apprentices’ dropout, compared to those not cooperating; however, employers
who choose to cooperate with union can have much lower risk of dropout. We construct a
corresponding model, Hypothesis 2b, in Table 7.
As the model shown, those employers who decide to cooperate with union have
lower likelihood of witnessing dropout in their programs. The log-odds decreases by
0.397 in either joint or group joint programs. Instead, the log-odds of dropout in either
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group or group joint programs increases by 0.128, but this result is not statistically
significant.
This result indicates the cooperative strategy with employers at constitutional
level can increase the likelihood of dropout, although not statistically significant. Instead,
the cooperation with union can lower the dropout risk for employers.

4.3.4 To what extent does the apprentice participation in post-secondary education affect
the retention?

The hypothesis for this question has two components: first, the enrollment in
these two-year institutions increases the retention of apprentices; and second, their
retention conditions on the funding support. Our corresponding model is the same as the
final model for this study, as shown in Hypothesis 3 in Table 7.
As model indicates, two levels of impacts can be observed and the result is mixed.
On the one hand, programs that have their apprentices enrolled in the two-year institution
can have lower likelihood of dropout. However, on the other, funding opportunity
increases the risk of the apprentices to leave before training completion.

4.3.5 Overall, how the retention outcomes as well as institutional factors affect
employer’s decision on training?
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This question is answered by our two regression models. The answer is twofold:
first, it seems that apprentice dropout has stronger impact on employers’ future hiring,
compared to training completion, as the first model indicated. Successfully completing
the training does increase the number of future hiring, however, the number is relative
minor and not statistically significant. With regards to the institutional factors, employers
past decision has adverse impact on their future hiring.
Second, apprentice dropout in the past has a negative impact on employers’
decision to invest in general education, as the second regression model indicated.
Apprentice dropout decreases the number of dual enrollment at collective-choice level.
As for institutional factors, it seems that employers’ past decision on dual enrollment has
a strong negative impact. Additionally, the past decision at constitutional level is another
strong predictor. Employers who previously cooperate with other employers and union
lower their number of apprentices enrolled in colleges.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

This chapter is composed of three sections. The first reviews the findings from
our final model and compares these with the literature. The apprentice dropout issue is
discussed from a time perspective. The second includes a further discussion regarding the
implications and limitations of this research. The prospect of IAD as a framework to
tailor our analysis to particular institutions will also be discussed. The third section
presents our recommendations to practitioners and policy makers, based on our findings,
to reduce apprentice dropout.

5.1 A time perspective on the institutional determinants for apprentice dropout

Apprenticeships are training programs jointly held by employers, unions, and
two-year institutions. These programs differ from traditional firm training in that they
aim to develop local human resources through institutional collaboration. Empirically,
this difference is well documented in our discrete-time modeling process. From baseline
through Hypothesis 3 models in Table 7, we can find the goodness of fit of the models
improving when institutional factors are included by stepwise regression; the figures in
AIC as well as LR chi2 all decline. This indicates that institutional factors can better
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explain the variation in training outcomes, as compared to the factors predicted by human
capital theory. In particular, indicators such as employers’ cooperation with unions and
apprentices’ enrollment in college are strong predictors in our final model. Overall,
several lessons can be derived from event history and regression models that focus on
institutional arrangements. We further incorporate these findings with the IAD
framework, as shown in Figure 1, in our discussion. For research convenience, we also
use hazard function to visualize the dropout patterns in our findings.

5.1.1 Primary findings

At the constitutional level, employers who hold apprenticeships with unions (labormanagement strategy) can their apprentices retained longer. This effect is stronger if
employers cooperate with unions only, as we see in the final model.
At the constitution-choice level, prior research on apprenticeship programs found
that cooperation with unions in apprenticeship programs reduces the probability of
apprentice dropout (Bilginsoy, 2003, 2007). We confirm this finding, and further find that
joint programs, in which an individual employer cooperates with unions, have better
training outcomes in terms of retention. When apprentices are recruited into programs
that cooperate with unions, their log-odds of dropout are lowered by more than a third
(0.397); the log-odds are lowered by two-fifths (0.411) when apprentices are trained in
joint program settings, as shown in the Hypotheses 2b and 3 models in Table 7. In odds
ratio terms, apprentices in joint programs are about 51% less likely to drop out, compared
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with those in individual programs. In contrast, apprenticeships that cooperate with other
employers see higher numbers of apprentices drop out, and at a faster pace. Compared
with those enrolled in individual programs, the log-odds of apprentices in group
programs staying enrolled increases by 0.151, or the likelihood increases by 14%, but this
result is not significant.
These results confirm the hypothesis that cooperation at constitutional-choice
level yields better resource outcome conditions for stakeholders whom the employers
cooperate with. Our analysis finds that apprentice dropout are most likely to be lowered
in programs where constitutional rules foster cooperation between employers and unions.
As shown in Figure 2, programs that cooperate with unions tend to have lower dropout
rates over time. This implies that employers who create a shared strategy28 together with
unions are more successful in preserving their resource, as compared to those who pursue
other institutional options.
Another implication of our findings is that cooperation between employers in the
sphere of apprenticeship may not help to control apprentice dropout. As can be seen in
the final models in Table 7, the log-odds of apprentices dropping out increases by 0.151
when they are enrolled in programs that are jointly held by multiple employers. This
result implies that Common-pool Resource (CPR) dilemmas occur in apprenticeship
programs, and that cooperation among employers does not help in preserving resources.

Rules or norms such as training trust funds or joint apprenticeship committees have been well
documented in prior research (Berg, 1994, pp. 81–82; Glover & Bilginsoy, 2005, p. 338). Scholars attribute
success in this type of cooperation to these mechanisms.
28
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Instead, this type of cooperation may have an adverse impact on the resource regime,
though we need to interpret this result with caution because the result is not significant.

At the collective-choice level, apprentices who maintain dual enrollment in both
apprenticeship and two-year institutions tend to lower their probability of dropout. The
impact is stronger in programs that cooperate with other employers.
At the collective-choice level, past studies on the coproduction mechanism among
apprenticeships and two-year institutions assume that apprentices who are enrolled in
colleges benefit from this relationship (Cantor, 1995; R. Lerman, 2011), but offered no
empirical evidence to support this claim. We find that dual enrollment in apprenticeship
programs and community or technical colleges can have a positive impact on apprentice
retention. As the time-varying variables in our final model indicate, the log-odds of
apprentice dropout are lowered program-wise when these apprentices enroll in two-year
institutions. Figure 4 compares the change over time in dropout rates between apprentices
who enroll and who do not enroll in two-year institutions.
Among different types of programs, the positive impact of dual enrollment is
strongest for group programs, in which employers choose to cooperate with other
employers. The log-odds of apprentices dropping out of a group program can be lowered
by 1.183 when their employers support their enrollment in two-year institutions. This
result implies that those employers who choose to cooperate with other employers at the
constitutional level – which might be risky to the original training sponsor, as predicted
in our previous finding – can reduce their risk of exhaustion of resource by means of dual
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enrollment at the collective-choice level. In this arrangement, they lessen the negative
impact of cooperation with other employers, since college enrollment helps improve
retention.
It is also worth noting that the baseline hazard in group programs increases if
employers choose to collaborate with two-year institutions at the collective-choice level.
When we further confine our sample to those apprentices enrolled in colleges, the logodds of dropout increase by four times for programs cooperating with other employers,
while the log-odds decrease by half for those that cooperate with unions. Both results are
statistically significant, as shown in Table 8. The changes to dropout rates in these
programs can be seen in Figure 3.
This result indicates that employers’ strategies at the collective-choice level may
alter their baseline hazard of trainee dropout. The likelihood of dropout shows a
significant increase for those employers who adopt a strategy of cooperation with other
employers at the constitutional level, while those that work with unions have a much
lower risk of dropout. The potential explanation of this change could be that employers’
investment in general education may increase the market value of apprentices, or make
them visible in the labor market, and hence place greater incentive of those other
employers who cooperate with them to poach. Put another way, the coproduction strategy
at collective-choice level may induce changes in the baseline hazard at the constitutional
level.
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At the operational level, employers’ promises of wage increases for apprentices who
attain journeymen worker status have greater impacts on retention than all the other
predictors from human capital theory.
In our study, wage differences between entry-level and journeymen workers were
found to have a relatively strong impact on apprentice dropout among the predictors from
hypotheses in human capital, although this impact is still relatively small compared with
previously discussed institutional factors. In our sample, the average hourly wage
difference between the two groups is $9. If employers schedule an increase in this wage
difference by $1, the log-odds of dropout will decrease by 0.019, or decrease the
probability of dropout by 2%, as shown in our final model. The impact from other
predictors, including general (RTI) or specific (OJT) training, or the size of firm, are not
significant or relatively minor. This indicates the importance of wages as an incentive to
retain apprentices in the programs.

In our feedback models, apprentice dropout has a strong impact on the sustainability of
resource regimes, compared to training completion. Failure to recoup its cost also
negatively affects employers’ decisions to invest in general training.
The results of our first regression model demonstrate that past failure in training
(i.e. high apprentice dropout) has a profound impact on employers’ decisions regarding
future recruitment. This indicates that failure in recovering the cost of human capital
investment has a severe impact on resource sustainability in apprenticeships. Employers
learn lessons from failure and adjust their behavior at the operational level. This result
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echoes almost all the previous survey findings regarding employers’ primary concerns
about their investment in apprenticeships (Gunn & De Silva, 2008; Lerman et al., 2009;
Steward & O’Brien-Turco, 2010). Our study substantiates this concern through
longitudinal analysis of their decisions on future hiring.
Additionally, our study also sheds light on what adjustment in institutional
arrangements employers make based on their past experience. In the second regression
model, we find that apprentice dropout negatively affects employers’ decisions to
collaborate with community or technical colleges. At the collective-choice level, among
those employers who worked with two-year institutions in 2007, the number of
apprentices who also enrolled in colleges declined in 2010. This implies that employers
who previously adopted a strategy of collaboration with colleges significantly adjust their
decisions on future investment toward general training.
As Ostrom, Gardner, and Walker (1994) pointed out, policy change results from
rational actors continuously seeking to adjust institutional arrangements in order to
improve their circumstances. This finding implies, from the employers’ perspective, the
inappropriateness of a shared strategy of collaboration with two-year institutions on
general training. Admittedly, dual enrollment at the collective-choice level can
substantially reduce the risk of dropout, especially during the first year. As we can see in
Table 8, the first year baseline hazard changes from 3.216 for non-enrollers, to 2.987 for
enrollers, i.e., enrollment lowers the risk by 25%. However, we also find that the dropout
hazard is higher in subsequent years among enrollers than among non-enrollers. As
previously mentioned, college education may increase the visibility or value of
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apprentices in the labor market, and hence increase their likelihood to quit apprenticeship
programs. Employers learn from this experience and react strategically in their next
round of investment in general training.

5.1.2 Limitations

This study utilizes information from employers and educational institutions to
locate the determinants of apprentice retention during training. It adopts an IAD
framework to identify the institutional as well as individual factors that are critical to our
analysis. Institutions are defined as a shared strategy among stakeholders. Apprentice
retention is the criterion we apply to evaluate the success of institutions. Event history
techniques are then employed to diagnose the impact of each factor upon the retention
outcomes. The advantage of this approach is that it uses data sets to test and compare
theoretical hypotheses empirically. The results of our study not only confirm the previous
findings on apprenticeships, but highlight the importance of institutional choices in these
programs. Overall, this study is distinguished in its focus on the institutional aspects of
apprenticeship programs.
However, there are limitations to this study. These limitations mainly arise from
two areas. The first is data sources. In this study, the primary data source is program
information provided by employers. This data set fits our need to track training activities
from the employer’s perspective, but it may be deficient in revealing information about
apprentices, especially with regards to their intention. Motivational questions such as
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personal choice, lack of preparation for an intensive workload, or the attention given to a
balance between work and study (Gunn & De Silva, 2008) cannot be answered by the
present research.
The second limitation we face in this study is the research assumption regarding
institutions. This limitation is related to the first restriction above. The IAD framework
assumes that institutions shape the actions of individuals, for example, and we assume
that certain institutional arrangement lead to less dropout among apprentices. This
assumption further guides our inquiry into appropriate forms of institutions. We adopt
information from the employer side to construct the action situation so that this
appropriateness can be identified. This analytical framework hence has explanatory
power for the successes or failure of a self-governed resource system. However, the
weakness of IAD emerges when we apply this framework to research subjects that have
their own belief systems (Schlager, 1995). That is, when our research subjects actually
act based on their own belief or perception of the institutions, not the other way around,
the assumption that institutions shape individual actions seems to be problematic. When
comparing IAD with the Advocacy Coalition Framework (ACF), Schlager points out that
making assumptions about the influence institutions can have on the coalition of human
beings, those who can voluntarily join and leave, may overlook the subjective perceptions
of political actors.
For all this weakness, Schlager concludes that IAD has better explanatory power
and analytical structure than ACF. Consequently, she adopts the structural conditions
provided by IAD and integrates these with hypotheses from ACF. IAD scholars who are
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interested in social systems also incorporate similar revisions, such as integrating with
constructivist theory to explain corruption (Collier, 2002); using agent-based simulation
models to account for individual preference (Ghorbani, Dignum, & Dijkema, 2012); or
simply emulating a natural ecosystem (Mincey et al., 2013). This integration provides
insight into how we can improve our research, given the limitations present. For instance,
it would be possible to use information from Unemployment Insurance (UI) to construct
an agent-based model rooted in apprentice behavior. Although motivational questions
still cannot be answered in this revision, we can nevertheless loosen our assumptions to
treat individual apprentices as free agents, accounting for how they strategically respond
to the institutions they are in, for example, their turnover after being dual-enrolled in
colleges.

5.2 With whom should employers collaborate in training – the restoration of labormanagement collaboration?

This study focuses on the appropriate institutional arrangements in
apprenticeships to deal with training externality. Its primary finding is that cooperation
between employers and unions, which is described as a labor-management strategy, can
yield best outcomes. The risk of apprentice dropout tends to be lower in this institutional
arrangement, as compared to non-cooperation. This research attempts to provide a
tentative answer to when and under what conditions the institutions matter (Smith &
Larimer, 2009) through our case study of Ohio apprenticeship programs. The effect of
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interaction between institutions (shared strategy) and between actors at varying levels is
identified by means of statistical methods.
In our study, the effect of the labor-management strategy stands out when
employers try to collaborate with colleges on general training. In this scenario, the risk of
apprentice dropout can be substantially lowered in programs that cooperate with unions,
while the risk is significantly higher in programs that cooperate with other employers.
This finding indicates the hypotheses that cooperation yields better resource outcomes –
which is predicted by common-pool resource scholars – is conditional on the types of
stakeholders with whom the employers cooperate. Heterogeneous actors seem to be better
candidates for employers to collaborate with when initiating training, as compared to
homogeneous ones. It seems that cooperative relationships developed by employers and
unions can better structure the skill-formation process and better minimize the attrition
hazard, as Soskice (1994) observed regarding apprenticeships in Germany.
As previously mentioned, the risk of apprentice dropout substantially increases in
institutional settings in which an employer cooperates with other employers, when more
general training provision is involved (dual enrollment in community or technical
colleges). Literature on workforce policy provides potential explanations of why
cooperation between employers fails to produce beneficial outcomes. In Culpeper’s work
(2003a) on decentralized cooperation among employers, he discussed the reason
Ostrom’s solution cannot work in certain national workforce systems. He pointed out that
the lack of credible or effective sanction mechanisms makes employers suspicious about
the consequences of collective action. Historically, industrial relations in the United
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States are categorized as decentralized. No effective sanction mechanism exists that
would punish group members in apprenticeship programs if they take advantage of
others. Individual employers in such arrangements continually have incentives to defect,
to pursue their own interests at the expense of others’.
Therefore, it is not surprising to find how suspicious employers are of competitors
in apprenticeship programs. In their nationwide survey of apprenticeship sponsors,
Lerman et al. (2009) found employers in apprenticeship programs identified poaching
from others as their primary concern. Potential collaborators may have less incentive to
cooperate to achieve communal goals in an environment where opportunistic behaviors
cannot be checked (Osterman, 2004). In a resource regime like apprenticeships, as
Ostrom (1990) predicted, cooperation between homogeneous actors disappears and
underinvestment is its worst case scenario. In this regard, cooperation between
heterogeneous actors, such as employers and unions, may be a safer option for individual
employers initiating programs, and for policy makers who aim at restoring this system.
As traditional training partners, unions do have an edge over other labor-market
intermediaries, in that they already have strong connections with employers (Takahashi &
Meléndez, 2004). These connections help them to readily understand employers’
demands and provide customized training. Another advantage for unions is that they can
share the training cost with employers through different existing mechanisms. Costsavings can be realized when unions and employers collaborate. Generally, it seems that
employers and unions complement each other in the apprenticeship setting.
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However, we also need to bear in mind the potential damage to apprenticeships
that a labor-management strategy may cause. One of the research findings in our study is
that female and minority apprentices are relatively vulnerable to dropout. When taking
the predominantly male and white existing union membership into consideration, the
adoption of labor-management strategy may further disadvantage these two groups.
This discussion leads us to rethink the research implication of adopting the IAD
framework. Ostrom (2007) argued that IAD is useful for policy analysts in identifying the
appropriate arrangement of a resource system. As such, it is an open question who
defines what exactly is “appropriate” (Smith & Larimer, 2009, p. 72). Appropriateness is
subjective. In our study, the appropriateness of institutions is defined from the employers’
perspective, because they are the primary program sponsors. This view of
appropriateness emphasizes the cost-effectiveness of human capital investment.
Statistical methods yield answers regarding when and what form of cooperation in
apprenticeships is appropriate, but may overlook the social benefit this arrangement can
provide.
Admittedly, the positive externality created by the apprenticeship system is
enormous, to a point that we cannot overlook its social dimension (R. Lerman, 2012;
Pattayanunt, 2009). The cooperative relationship developed under this program promises
the stability of labor supply and their subsequent skill formation process, which in turn
provide a solution to the employment and skill-upgrading problems of high school
graduates within local communities. This system can help disadvantaged students
transition successfully from school to work; it can also connect different stakeholders in
87

the community, building bridges between the workplace and higher education. This
mechanism has implications for the current policy call for the creation of middle-level
jobs and postsecondary degrees or certificates. We will account for these social benefits
in our recommendations.

5.3 Recommendations for practitioners

In their research on apprenticeship programs in Greater Cincinnati, Steward and
O’Brien-Turco (2010) made a simple calculation of how much money can be saved
through a 1% decrease in the dropout rate, or 1% increase in the retention rate. They
projected that a 1% decrease in the dropout rate would save $70,000 in annual training
costs. The use of the IAD framework has its practical implications. Previous discussion
on the lower log-odds or percentage of dropout under certain conditions enables us to
provide potential pathway to this 1% decrease. Our research recommendations are
targeted at the dropout issue, as follows:

Attention should be paid to the dropout issue in apprenticeship programs, especially in
the cases of first-year enrollers, females, and minorities.
This study confirms previous research findings that most apprentices who drop
out of apprenticeship programs do so in the first year (Gunn & De Silva, 2008; Steward
& O’Brien-Turco, 2010). As previously mentioned, the first year is the most powerful
predictor in our discrete-time model, with the log-odds of apprentices dropping out
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increasing by 3.090 in their first year. A graphic depiction of the change of dropout rate
over time is also shown in Figure 5 (demonstrating one of the advantages of applying
event history techniques).
This finding highlights the importance of the first-year experience in the
programs. Employers and community colleges should focus on early intervention to assist
apprentices’ successful transition to second year. For example, issues such as the balance
between work and school have been documented in Gunn and De Silva’s (2008) survey.
In light of this, employers can work with two-year institutions to reschedule classes offcampus and/or near the workplace.
Additionally, this study finds that the risk of dropout among apprentices differs
according to their gender and ethnicity. Those apprentices who are female have a higher
probability of dropping out of their programs, which confirms the previous survey
finding from the Greater Cincinnati area (Steward & O’Brien-Turco, 2010). Although
employers have lowered their training standards for women – for example, the credit
hours requirement for females receiving OJT is less than half that of their male
counterparts – male apprentices still have a lower likelihood of dropping out of the
programs (by log odds of 0.521, or 68%). A graphic depiction of the change of dropout
rate by gender is shown as Figure 6. Apprentices who are members of minority groups
also have a higher probability of dropout, as demonstrated in Figure 7.
Historically, women have been excluded from participating in apprenticeships
because of the involvement of unions in the training process (Berik & Bilginsoy, 2000).
Apprenticeships are traditionally held by unions, whose membership is predominantly
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white and male. In some states, this legacy has contributed to the training gap between
whites and minorities and between genders (Berik et al., 2008). Our study also shows that
the proportion of both female and minority apprentices is lower than male and white
populations in Ohio. Furthermore, we find that the risk of dropout is higher among these
two subgroups. This indicates there is a need to ongoingly address diversity issues in
apprenticeship programs, for example, by tailoring training courses for females or
minority members based on their needs.

Dual enrollment can be an effective strategy for overcoming high attrition in the first
year, but it should be adopted with caution because of its negative impact on apprentices
who have lower educational attainments. Attention should be paid to pre-apprenticeship
programs or related arrangements.
College enrollment by apprentices can be an effective strategy to deal with high
dropout rates in the first year. As we can see in Table 8, the first year baseline hazard
changes from 3.216 for non-enrollers, to 2.987 for enrollers, representing a 25% decrease
in the dropout risk. This indicates that, if employers complement general training in the
form of dual enrollment in community or technical colleges, it can provide substantial
incentive for apprentices to remain.
However, as mentioned previously, apprentices who have lower educational
levels are more likely to leave the apprenticeship programs before completion, as shown
in Figure 8. The log-odds of dropout decrease by 0.327, or the probability lowers by
39%, if apprentices’ educational attainment is one level higher. For those apprentices
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who are dual-enrolled in community or technical colleges and who have higher
educational attainment, the log-odds of dropout decrease by 0.394 or 48%. This implies
that those with lower educational achievement are relatively more vulnerable to dropout
in this co-production setting.
This implication corresponds to the results of a survey of employers in Greater
Cincinnati (Steward & O’Brien-Turco, 2010). The survey respondents noted that one of
the causes of early termination among apprentices was the inability to read, or to
complete course work mandated by the state’s apprenticeship council. Because
employers tend to have lower admission standards than two-year colleges, these new
hires more often than not lack the reading or math ability to fulfill academic requirements
in college. Attention should be paid to how to reconnect this lower-achieving group to the
educational environment. Pre-apprenticeship arrangements or literacy classes in factories
or workplaces could be effective strategies for both policymakers and employers.

Shortening training duration to two years can control risk as well as matching with the
program duration of two-year institutions.
Our research shows that the hazard rate of apprentices’ dropout seems to follow
an N-shaped distribution, suggesting two peaks of timing in our sample, as shown in
Graph 5.4. The first peak is in the first year, and the other is in the third year, which
means that the log-odds of dropout fall when apprentices are in their second year in the
programs. Therefore, it would seem preferable to finish the training before a third year
begins. Shortening the length of training to two years is recommended.
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Traditional union apprenticeship programs in the construction industry should be
reinstated, but this strategy should be implemented with caution because of its potentially
negative impact on females and minorities.
Our study confirms the observations of previous researchers (R. Lerman et al.,
2009; Steward & O’Brien-Turco, 2010) that apprentices in the construction industry have
a higher probability of leaving before completion than do apprentices in other industries.
This indicates that employers in the construction sector are more likely than others to
experience the loss of training investment. Our research findings also show that the
dropout rate is relatively lower when apprentices are recruited into programs that
cooperate with unions. This implies that labor-management strategy can effectively
control the risk of dropout. This strategy fits especially well in the construction trade,
which has been historically dominated by union membership. However, this strategy may
have an adverse impact on females and minority groups. We recommend that this
strategy be adopted with caution, perhaps using a fixed quota for female or minority
hiring.
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Appendix A: Programs Seek for Apprentices at the First Quarter of 2012, by States
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State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
DC
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Total
Avg

Program

Sponsors
198
395
306
210
524
534
14
0
24
473
343
105
248
961
1788
655
38
278
134
1
119
0
2538
47
156
937
17
124
161
547
2048
261
41
68
124
1889
188
43
1547
833
455
153
587
791
556
0
238
85
672
29
97
22580
443

Source: http://pathwaystosuccess.workforce3one.org/
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103
301
109
107
190
240
4
0
6
235
182
29
174
500
830
446
107
156
50
1
64
0
1028
12
108
467
3
93
95
475
1798
145
7
0
70
949
112
14
858
689
279
102
304
355
354
0
174
30
541
6
85
12987
255

Community College Partners
5
5
8
17
0
17
0
0
0
22
3
0
0
23
2
11
17
4
14
7
0
7
12
0
0
14
0
2
0
5
19
0
2
0
4
11
7
0
0
3
16
5
5
14
12
3
0
0
1
16
6
319
6

Appendix B: Programs Seek for Apprentices at the First Quarter of 2012, by Occupation
in Five Major States

102

Ohio
Construction*
Electrician*
Truck Driver
Carpenter*
Plumber*
Pipe Fitter*
Sheet Metal Worker*
Structural Steel/Ironworker*
Roofer*
Dry-Wall Applicator*
Painter*
Sprinkler Fitter*
Boilermaker I*
Operating Engineer
Millwright
Correction Officer
Heating and Air cond
Chief, Cook
Line Maintainer
Line Erector
Childcare Dev Specialist
Glazier*
Bricklayer*
Total

37
246
5
48
61
53
51
11
17
4
18
6
2
26
63
2
49
5
326
11
11
8
20

New Jersey Michigan
4
31
625
467
1
4
57
53
765
79
21
76
14
89
6
4
9
8
0
8
8
17
3
9
4
6
4
43
7
90
41
0
88
39
11
3
57
419
2
8
79
1
2
6
4
21

1080

1812

1481

Indiana
13
147
3
27
333
18
14
5
7
2
15
2
4
30
35
26
34
24
264
0
0
3
4

Pennsylvania
32
244
3
34
142
44
37
10
7
1
20
14
3
12
24
33
58
90
150
2
0
3
16

1010

979

Source: http://pathwaystosuccess.workforce3one.org/
*Occupations in construction industry, based on http://www.bls.gov/ooh/Construction-andExtraction/home.htm
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Appendix C: Registered Apprenticeship Program in Ohio from 2000 – 2011
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Year
Total

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
Total

848
750
613
570
505
491
495
439
402
308
322
69
5,812

Number of Programs
Number of Number of Number of
Individual Individual
Group
Non-joint
Joint
Joint
Program
Program
Program
496
170
155
425
133
161
324
103
158
302
91
155
249
70
161
241
61
163
229
63
174
192
40
177
166
58
155
127
24
132
138
27
133
24
5
30
2,913
845
1,754

Source: Author, RAPIDS data set
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Number of
Group
Non-joint
Program
27
31
28
22
25
26
29
30
23
25
24
10
300

Number
of
Apprenti
ces
7,245
6,311
5,215
4,722
5,197
5,062
5,409
5,753
4,886
2.845
2,819
227
52,849

Appendix D: Average Length of Apprenticeship Programs, by Type* (hours)
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Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Length of
Program
(Hours)
7,394
7,183
7,267
7,264
7,578
7,541
7,239
7,262
7,225
6,633
7,032
5,743

Length of
Length of
Length of
Length of
Program in
Program in
Program in
Program in
Individual
Individual
Group Joint
Group NonNon-joint
joint Program
Program
joint Program
Program
5,984
7,615
8,143
7,934
5,727
7,550
8,007
7,433
5,979
7,442
7,859
7,739
5,609
7,501
7,923
7,723
7,008
7,432
7,824
7,802
6,600
2,552
7,904
7,788
5,261
7,702
7,921
7,733
5,406
7,830
7,918
6,837
5,570
6,697
7,924
7,879
4,901
4,814
7,657
7,439
5,832
5,127
7,802
7,562
4,518
7,358
6,915
6,870

*Joint: cooperate with union; Group: cooperate with one or multiple employers
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Appendix E: Average Length of On-the-job Training in Apprenticeship Programs, by
Type* (hours)
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Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

OJT Credit
Hours

854
804
743
909
663
660
551
661
655
574
553
575

Number of
OJT Credit
Hours in
Individual
Non-joint
Program
924
739
793
735
792
794
455
796
699
458
708
283

Number of
OJT Credit
Hours in
Individual
joint Program

Number of
OJT Credit
Hours in
Group Joint
Program

1,688
1,716
1,750
1,406
1,095
967
1,674
2,977
1,541
1,071
569
1,000

*Joint: cooperate with union; Group: cooperate with one or multiple employers
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664
701
558
891
528
554
490
525
531
497
397
403

Number of
OJT Credit
Hours in
Group Nonjoint Program
693
842
767
1,151
776
797
753
524
683
1,143
816
2,128

Appendix F: Log-rank test by program cooperation, enrollment status, cooperation and
enrollment, and funding status
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. sts test cooperate, logrank
failure _d:
analysis time _t:

status == 1
time

Log-rank test for equality of survivor functions
Events
observed

Events
expected

0
1

821
2191

521.33
2490.67

Total

3012

3012.00

cooperate

chi2(1) =
Pr>chi2 =

209.73
0.0000

. sts test enroll
failure _d:
analysis time _t:

status == 1
time

Log-rank test for equality of survivor functions
Events
observed

Events
expected

0
1

1534
1478

981.53
2030.47

Total

3012

3012.00

enroll

chi2(1) =
Pr>chi2 =

465.07
0.0000

Continue
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. sts test cooperate_enroll
failure _d:
analysis time _t:
origin:
id:

status_1
(attrition_day_1-origin)
time indenture_day
obs_id

Log-rank test for equality of survivor functions
Events
observed

Events
expected

1
2
4

636
1083
1293

335.61
831.63
1844.76

Total

3012

3012.00

cooperate_~l

chi2(2) =
Pr>chi2 =

515.44
0.0000

. sts test fund
failure _d:
analysis time _t:
origin:
id:

status_1
(attrition_day_1-origin)
time indenture_day
obs_id

Log-rank test for equality of survivor functions
Events
observed

Events
expected

0
1

2212
800

1990.19
1021.81

Total

3012

3012.00

fund

chi2(1) =
Pr>chi2 =

73.04
0.0000
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Appendix G: Model specification of continuous time vs. categorical time
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(Model 1)
. logistic _d _t
Logistic regression

Number of obs
LR chi2(1)
Prob > chi2
Pseudo R2

Log likelihood = -2706.8359

_d

Odds Ratio

_t
_cons

.9944827
47.59926

Std. Err.
.0001206
4.573128

z
-45.61
40.21

=
=
=
=

6986
4138.09
0.0000
0.4332

P>|z|

[95% Conf. Interval]

0.000
0.000

.9942463
39.42942

.9947192
57.46189

(Model 2)
. logistic _d y2 y3 y4
Logistic regression

Number of obs
LR chi2(3)
Prob > chi2
Pseudo R2

Log likelihood = -2562.4333

_d

Odds Ratio

y2
y3
y4
_cons

.4797841
.0397731
.3866742
10.59504

Std. Err.
.0568313
.0036075
.0405493
1.007615

z
-6.20
-35.55
-9.06
24.82

=
=
=
=

6986
4426.89
0.0000
0.4635

P>|z|

[95% Conf. Interval]

0.000
0.000
0.000
0.000

.3803816
.0332954
.3148346
8.793286

.6051627
.047511
.4749064
12.76598

Chi-square test:
Model 1: LR chi2(1)=4138.09
Model 2: LR chi2(3)=4426.89
Model(2-1): LR chi2(2)=288.8 > the critical value of chi2(2), which is 9.21 at
p=.01 level
AIC for Model 1= -2(-2706.8359)+2*1=5415.6718
AIC for Model 2= -2(-2562.4333)+2*3=5130.8666
Based on chi-square and AIC tests, Model 2 is significant different from Model 1,
and is a preferred option.
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Appendix H: Sample retention in apprenticeship by program cooperation, enrollment
status, cooperation and enrollment, and funding status
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6
fund = 1

8

Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Total

Number of
Apprentices
7,245
6,311
5,215
4,722
5,197
5,062
5,409
5,753
4,886
2.845
2,819
52,622

Number of
Apprentices in
Individual
Program
2,267
1,983
1,516
1,248
1,411
1,302
1,332
1,184
1,271
947
883
15,344

Number of
Apprentices in
Individual joint
Program
748
454
410
320
287
202
193
187
329
82
131
3,343

Table 1. Different types of program in apprenticeship
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Number of
Apprentices in
Group Joint
Program
3,553
3,054
2,721
2,707
2,834
2,982
3,323
3,663
2,873
1,495
1,467
30,672

Number of
Apprentices in
Group Program
676
820
568
447
665
576
561
719
413
321
338
6,104

Event history model on retention
Hypothesis
H1: The more general training provided by
employers in apprenticeship programs, the
less apprentices dropout in the programs

Independent Variable

Dependent Variable

110

Firm size
Firm capacity
Training content

Apprentice retention

H2a: Cooperative programs have higher
retention rates than for non-cooperative
programs.

Cooperation strategy

Apprentice retention

H2b: Group programs have higher retention
rate than for non-group programs, but still
lower than that is for joint programs.

Cooperation strategy

Apprentice retention

H3: The enrollment in these two-year
institutions increases the retention of
apprentices, but their retention is conditional
on the fundinga.

Dual enrollment strategy
Funding

Apprentice retention

Measurement

IV:
Number of workers
Number of journey workers
Credit hours in OJT, RTI
DV:
Time for apprentice to quit training
IV:
Cooperation types
DV:
Time for apprentice to quit training
IV:
Cooperation types
DV:
Time for apprentice to quit training
IV:
Enrollment in technical/ community colleges
Funding sources for apprentices
DV:
Time for apprentice to quit training

Two OLS models on hiring and dual enrollment (feedback)
1.

2.

Model
Resource investment at operational level

Dual enrollment decision at collectivechoice level

Independent Variable

Dependent Variable

Apprentice dropout
Apprentice completion
Cooperation strategy

Apprentice hiring

Apprentice dropout
Apprentice completion
Cooperation strategy

Apprentice dual
enrollment

Table 2. Hypotheses, variables, and measurements
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Measurement

IV:
Cooperation types
Number of dropout at 2007
Number of completion at 2007
DV:
Number of apprentices at 2010
IV:
Cooperation types
Number of dropout at 2007
Number of completion at 2007
DV:
Number of dual enrollment at 2010

Strategy in
constitutional
level
Apprentices
(Programs)
Strategy in
collective-choice
level
(Dual enrollment)
Apprentices
Strategy in
collective-choice
level
(Funding)
Apprentices

Non-cooperation

Cooperate with union

Cooperate with other
employers and union

Cooperate with other
employers

1,455
(234)

359
(71)

4,385
(184)

787
(31)

Enroll

Non

Enroll

Non

Enroll

Non

Enroll

Non

461

994

115

244

3,314

1,071

371
With
With
out
fund
fundi
ing
ng
184
187

416

With
fundi
ng
166

With
out
fundi
ng
295

--

With
funding

Without
funding

49

66

--

With
funding

Without
funding

1,764

1,550

--

Source: RAPIDS and HEI data sets

Table 3. Number of apprentices by strategy in constitutional and collective-choice levels
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--

Variable
Dependent Variable
1. Apprentice performance
a) Number of dropout apprentice

Apprentices

Programs
6,986
3,011

Intermediate Variables of Interest
1. Average OJT training credit hours
2. Average RTI training credit hours
3. Average hours in RTI instruction
4. Average length in technical/ community colleges (year)
Independent Variables of Interest
1. Program Characteristics
a) Cooperation type (number of apprentices)
1) Individual non-joint
2) Individual joint
3) Group joint
4) Group non-joint
b) Average length of program (hours)
c) Average number of employers in program
d) Average workforce size
e) Average journey employee size
f) Average difference between journey and start
wage
2. Apprentice Characteristics
a) Cohort
1) 2007
2) 2008
b) Gender
1) Male
2) Female
c) Ethnicity
1) White
2) Non-white
d) Education
1) 8th grade or less
2) 9th – 12th grade
3) GED
4) High school or greater
e) Age
1) 20-24
2) 25-29
3) 30-34

Continue
Table 4. Descriptive statistics
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520
320
634
30
572
1.6

(1,455)
(359)
(4,385)
(787)

4,067
2,919
6,677
309
5,393
1,593
21
337
991
5,091
1,505
1,900
1,401

234
71
184
31
6,775
140
1,032
1,080
9

Table 4 continue
Variable
Dependent Variable
Number of days to dropout (apprentices)
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint

Observations

1. Average OJT training credit hours
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
2. Average RTI training credit hours
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
3. Average hours in RTI instruction
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
4. Average length in technical/ community colleges (year)
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
Independent Variables of Interest
1. Firm size
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
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Mean Low High

S.D.

821
97
1,650
444

435
412
459
513

17
21
4
31

1,353
1,289
1,434
1,393

266
228
321
236

1,455
359
4,384
787

733
2,002
499
579

0
0
0
0

7,500
6,240
8,000
6,913

1,567
2,210
1,218
1,425

1,455
359
4,382
787

33
160
17
35

0
0
0
0

1,280
1,408
7,500
576

109
221
153
108

1,453
358
4,380
785

448
481
628
525

0
0
0
288

960
1,000
1,230
960

192
197
222
150

1,455
359
4,385
787

0.66
0.77
2.15
1.02

0
0
0
0

4
4
4
4

1
1
1
1

234
71
184
31

489
1,364
1,271
553

1 12,000
839
11 12,000 2,327
1 17,320 1,759
20 2,146
385

Table 4 continue
2. Number of journey workers
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
3. Number of employers
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
4. Wage difference between starting and journey
workers
a) Individual Non-Joint
b) Individual Joint
c) Group Joint
d) Group Non-Joint
Source: RAPIDS and HEI data sets
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234
71
184
31

84
280
1,594
425

0 1,284
240
0 9,887
782
0 14,907 2,907
2 1,519
453

234
71
184
31

2
1
177
251

1
1
1
1

122
12
1,450
1,000

7
2
337
408

1,455
359
4,382
785

4
4
12
6

0
0
0
0

25
22
27
11

4
4
5
3

Industry
Construction
Public administration

Number
4,958
854

Manufacturing

642

Educational services

278

Utilities

175

Accommodation and
food services
Other services
Health care and social
assistance

Percentage
Occupation
71.0% Electricians
12.2% Carpenters
Pipe layers, plumbers,
9.2% pipefitters,
and
steamfitters
Industrial and refractory
4.0%
machinery mechanics
Structural iron and steel
2.5%
workers

Number
1,308
747

Percentage
18.9%
10.8%

732

10.6%

665

9.6%

438

6.3%

33

0.5% Sheet metal workers

311

4.5%

19

0.3% Construction laborers

248

3.6%

14

0.2% Animal trainers

231

3.3%

Retail trade

3

Operating engineers and
0.0% other
construction
equipment operators

195

2.8%

Administrative and
support and waste
management
and
remediation services

3

0.0% Roofers

181

2.6%

Wholesale trade

2

0.0%

163

2.4%

2

0.0% Tool and die makers

161

2.3%

1

0.0% Insulation workers

132

1.9%

1

0.0% All other occupations

1,422

20.5%

Transportation and
warehousing
Professional,
scientific,
and
technical services
Agriculture, forestry,
fishing and hunting

Maids and housekeeping
cleaners

Source: RAPIDS and HEI data sets, by using 2007 NASIC and 2010 SOC codes.

Table 5. Number and percentage of apprentices by industry and occupation
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A
Program
types
Time (days)

4
186
368
550
732
914
1096
1278
1460

B
Enrollment
Time (days)

4
186
368
550
732
914
1096
1278
1460

C
Funding
Time (days)

4
186
368
550
732
914
1096
1278
1460

Survivor function
Joint
Group joint

Individual
1.0000
0.8884
0.7507
0.5629
0.4777
0.4267
0.3869
0.3527
0.3124

1.0000
0.9604
0.8474
0.7369
0.6873
0.6831
0.6622
0.6321
--

0.9998
0.9103
0.8220
0.7418
0.6955
0.6584
0.6287
0.5908
0.5169

Group
1.0000
0.9517
0.8469
0.6719
0.4964
0.4582
0.4300
0.3923
--

Survivor function
Enroll
Non Enroll
1.0000
0.9996
0.9497
0.8544
0.8701
0.7181
0.7773
0.5709
0.7174
0.4866
0.6818
0.4422
0.6537
0.4056
0.6164
0.3670
0.3064
0.5566
Survivor function
With funding Non Funding
1.0000
0.9998
0.9442
0.8985
0.8536
0.7921
0.7600
0.6696
0.6917
0.6005
0.6591
0.5588
0.6322
0.5258
0.5946
0.4887
0.4132
0.5754

Table 6. Survivor function in any given time by program types, enrollment, and funding
status
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Baseline

Year0_1
3.165***
Year1_2 (vs. Year0_1)
1.645***
Year2_3 (vs. Year0_2)
2.012***
Year3_4 (vs. Year0_3)
0.091
Age
-0.021***
Male (vs. Female)
-0.453***
White (vs. Non-white)
-0.391***
Education
-0.354***
Construction (vs. Non-construction)
0.017
Traditional occupations+ (vs. Non-tradition)
0.040
Program Characteristics
Length of program
-0.002***
Firm size
-0.000***
Firm capacity
-0.000
Number of employers
-0.000
Operation level (Human capital theory)
Wage difference++
Specific training+++
General training+++
Strategy at constitutional level
Cooperate with either unions or employers (vs. Non)
Cooperate with unions only (vs. Non)
(Categorical vs. Non)
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Specific/general training in different strategy
Specific
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
General
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Strategy at collective-choice level
Enrollment
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Funding
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
No. of observations=
34553
LR chi2
(14)=11063.45
AIC
14925.2
***P<.001 ** P<.01 *P<.05

Hypothesis 1

Hypothesis 2a

Hypothesis 2b

Hypothesis 3

-0.001***
-0.000
-0.000
-0.000**

-0.001***
-0.000
0.000
-0.000**

-0.001***
-0.000
0.000

-0.001***
-0.000
0.000

-0.044***
-0.001***
-0.006

-0.043***

-0.031**

-0.019**

-0.124

0.128
-0.397***

3.120***
1.582***
1.952***
0.045
-0.022***
-0.457***
-0.340***
-0.349***
0.205***
0.093

3.114***
1.576***
1.946***
0.041
-0.022***
-0.464***
-0.351***
-0.338***
0.246***
0.065

3.102***
1.556***
1.928***
0.038
-0.022***
-0.466***
-0.320***
-0.351***
0.236***
-0.022

3.090***
1.552***
1.921***
0.030
-0.023***
-0.521***
-0.334***
-0.327***
0.226***
-0.004

-0.411*
-0.019
0.151
-0.002***
-0.003
-0.001***
-0.001

-0.002***
-0.002
-0.001**
-0.001*

-0.002***
-0.002
-0.001***
-0.001**

0.006
-0.009
-0.009
-0.001

0.006
-0.009
-0.008
-0.004

0.004
-0.011
-0.007
-0.006
-0.727***
-0.813*
-0.783***
-1.183***

34543

34543

34543

(17)=10996.76

(24)=10992.08

(25)=11038.63

14796.2

14790.8

14772.3

Table 7. Estimation for hazard models, outcome is apprentice dropout
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0.436
0.432
0.024
0.936***
34543

(34)=10617.
48
14557.8

Year0_1
Year1_2 (vs. Year0_1)
Year2_3 (vs. Year0_2)
Year3_4 (vs. Year0_3)
Age
Male (vs. Female)
White (vs. Non-white)
Education
Construction (vs. Non-construction)
Traditional occupations+ (vs. Non-tradition)
Program Characteristics
Length of program
Firm size
Firm capacity
Number of employers
Operation level (Human capital theory)
Wage difference++
Specific training+++
General training+++
Strategy at constitutional level
Cooperate with either unions or employers (vs. Non)
Cooperate with unions only (vs. Non)
(Categorical vs. Non)
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Specific/general training in different strategy
Specific
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
General
Non-cooperation
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
***P<.001 ** P<.01 *P<.05

Final model for
not dual
enrollment

Final model for
dual enrollment

3.216***
1.502***
1.860***
-0.036
-0.021***
-0.735***
-0.313***
-0.272***
0.225*
0.237*

2.987***
1.608***
1.986***
0.090
-0.026***
-0.349***
-0.332***
-0.394***
0.166
-0.138

-0.001***
-0.000
0.000
-0.000

-0.001***
-0.000
0.000
-0.000

-0.009

-0.021**

-0.313
-0.118
-0.187

-0.864*
0.086
0.635***

-0.002***
-0.002
-0.002*
-0.001*

-0.002***
-0.002
-0.001*
-0.001

-0.000
-0.012
-0.005
-0.008

0.028*
-0.005
-0.009
0.001

Table 8. Estimation for hazard models, outcome is apprentice dropout (in dual
enrollment)
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Model 1

Program Characteristics
Firm size
Firm capacity
Number of employers
Strategy at constitutional level
(Categorical vs. Non)
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Strategy at collective-choice level
Enrollment
Training outcomes
Number of apprentices dropout in 2007 cohort
Number of apprentices completed training in 2007 cohort
No. of observations=
F(9, 374)=
Prob>F=
R-squared=
***P<.001 ** P<.01 *P<.05

-0.001*
0.002**
-0.004
-1.416
-3.928**
-0.571
-2.852*
-0.585***
0.034
384
23.74
0.0000
0.3636

Table 9. Estimation for regression models, outcome is the change in apprentice hiring
between year 2007 and 2010
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Model 2

Program Characteristics
Firm size
Firm capacity
Number of employers
Strategy at constitutional level
(Categorical vs. Non)
Cooperate with unions
Cooperate with union and other employers
Cooperate with other employers
Strategy at collective-choice level
Enrollment
Training outcomes
Number of apprentices dropout in 2007 cohort
Number of apprentices completed training in 2007 cohort
No. of observations=
F(9, 374)=
Prob>F=
R-squared=
***P<.001 ** P<.01 *P<.05

0.000
-0.000
-0.001
-1.232
-2.874**
0.420
-4.536***
-0.384***
-0.091***
384
43.89
0.0000
0.5137

Table 10. Estimation for regression models, outcome is the change in dual enrollment
between year 2007 and 2010
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Constitutional-Choice
Level

Collective-Choice Level

Operational Level

ACTION
SITUATION

OUTCOME
Apprentice retention

Decision to initiate an
apprenticeship program

INSTITUTIONAL
CHOICE





Individual Joint
Individual Non-Joint
Group Joint
Group Non-Joint

RULE-IN-USE
 Governance
structure for
apprenticeship
 Coproduction

ACTION
SITUATION

ACTION
SITUATION

(Required policy
decision)

Employers/ institutions/
apprentices interaction

POLICY
COSTITUTION
Governance structure
for apprenticeship
(single employer,
multiple employers,
or unionmanagement)

 Number
apprentices
programs
 Number
enrollment
colleges

in

of
the
of
in

RULE-IN-USE
 Training governance

Theoretical perspectives (competing or complementary)
Common-pool resource
Coproduction
Human capital
Source: Adapted from Bushouse (2011)

Figure 1. The IAD Framework Applied to Apprenticeship Programs
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.001
0

.0005

hazard estimate

.0015

Smoothed dropout rate

0

500

day

1000

Non-joint programs

Figure 2. Dropout (hazard) rate by joint/ non-joint programs
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Joint programs

1500

Smoothed dropout rate

.0015

Cooperate with other employers

.001

Non-cooperation

.0005

Cooperate with union
0

hazard estimates

.002

In dual enrollment (coproduction)

0

500

day

Those employers not cooperate
Cooperate with union and employers

1000

Cooperate with union
Cooperate with other employers

Figure 3. Dropout (hazard) rate by program types in dual enrollment
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1500

.0008
.0006
.0004
.0002

hazard estimate

.001

.0012

Smoothed dropout rate

0

500

day

enroll = 0

1000
enroll = 1

Figure 4. Dropout (hazard) rate by dual enroll/ single enroll status
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1500

.0006
.0005
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hazard estimate

.0007

.0008

Smoothed dropout rate

0

500

day

Figure 5. Dropout (hazard) rate
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1000

1500

.0008
.0006
.0004
.0002

hazard estimate

.001

Smoothed dropout rate

0

500

day
Female

Figure 6. Dropout (hazard) rate by gender
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1000
Male

1500

.0008
.0006
.0004
.0002

hazard estimate

.001

.0012

Smoothed dropout rate

0

500

day
Non-white

Figure 7. Dropout (hazard) rate by race
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1500

.002
0

.001
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.003
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0
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day
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1000
9 - 12 grade and GED

Figure 8. Dropout (hazard) rate by education attainment
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