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Understanding adults’ strong problem-solving skills
based on PIAAC

Purpose

Research has shown that the problem-solving skills of adults with a vocational
education and training (VET) background in technology-rich environments
(TRESs) are often inadequate. However, some adults with a VET background do
have sound problem-solving skills. The present study provides insight into the
socio-demographic, work-related, and everyday life factors that are associated
with a strong problem-solving performance.

Design/methodology/approach

The study builds on large-scale data of the Programme for the International
Assessment of Adult Competencies (PIAAC) and gives insight into VET adults
(N=12,929) with strong problem-solving skills in eleven European countries.

Findings

This study introduces new knowledge with respect to the socio-demographic,
work-related, and everyday life background factors that contribute to successful
VET adults’ problem-solving skills. Our findings illustrate that a continuous
process of development including non-formal and informal activity as well as
learning taking place at work is associated with strong performance in problem-
solving skills in TRE.

Originality/value

An important implication of this study is that this article explored new knowledge
about good problem-solvers in TREs with a VET background and can be used to
support the development of VET adults’ problem-solving skills in TREs.

Keywords: working life, vocational education and training (VET), technology-rich
environments, the Programme for the International Assessment of Adult
Competencies (PIAAC), large-scale assessment, problem-solving skills

Article category: Empirical research article.
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Theoretical background

According to Billett (2006), the requirements for professional skills and
competences are increasing in all forms of work. In current working life, more
high-level skills are required than ever before (OECD; 2012a). The global
workplace is developing radically. For example, while the industrial sector in
Europe was previously strongly based on mass-production technology, it is
currently moving towards more and more flexible production methods. As a direct
result of this advancement, most countries with advanced industrial sectors need
to increase their flexibility and the adaptability of their jobs and ways of effective
work (Harteis and Billett, 2013). The interesting question for future working life in
Europe involves how well adults’ vocational skills and professional expertise
match the changing needs of the workplace. There is a critical notion that if
adults’ expertise and future workplace needs do not match, this will result in three
extremes: either (1) workers will have to change occupations and complete
different training programmes because their previous jobs have been outsourced
or replaced by technology (Bresnahan et al., 2002; Crafts, 2004), (2) workers will
stay at the same workplace, but their job descriptions will change considerably
(Maclean and Wilson, 2009; Tuomi-Gréhn and Engestréom, 2003), or (3) at the
worst case workers will be excluded from the labour market due to their
insufficient skills and abilities (OECD, 2012a). In all these cases, the current
European workplace is challenging adults’ expertise (Tynjala, Hakkinen &
Hamalainen, 2014), and there seems to be a continuing rise in workers’ need for
better interpersonal and cognitive skills (OECD 2012a). Thus, professional
development is a key approach in helping adults to meet the needs of working
life. Therefore, we need novel ways to enhance lifelong, life-wide, and workplace
learning. In practice, to meet the changing workplace needs, the interest in
research focusing on learning taking place at work, through work, and for work
has considerably increased over the past two decades (Tynjala, 2013).

Probably one of the greatest challenges in current working life is related to
technological development. As argued before, the current trend at the workplace
seems to be that workers are needed to accomplish non-routine tasks (Goos,
2013). As a direct result of this development, work tasks may become less fixed
(Billett, 2006). In the case of adults with vocational education and training (VET)
(e.g. in the industrial context often previously performing in-routine, intensive
work tasks), an increasing amount of work tasks are now automated (Frey and
Osborne, 2013). On the other hand, the current technological development not
only involves new challenges for VET workers, but also new opportunities. For
example, technological development and access to the open Internet have
created new possibilities for entrepreneurs with a VET background. An
increasing number of small business services (e.g. hairdressing, restaurants and
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bars) are gradually starting to use electronic booking systems and taking
advantage of social media (e.g. using Facebook for marketing). Furthermore, at
their best, with the aid of new technologies small companies are gaining access
to global markets (Kende, 2015). As a direct result of this advancement, VET
workers (e.g. small business owners) may increasingly benefit from their
technological skills and abilities. In line with this, competence needs are
changing because the ways of working are changing (OECD, 2012a). The
demand to deal with emerging technical solutions is rising, and workers feel the
need to develop professional competencies to deal with the evolving
characteristics of technology (e.g. Kende, 2015; Herder Koesling et al., 2006;
Brand-Gruwel and Stadtler, 2011).

Currently, skills for handling and producing new information as well as for solving
problems play an increasingly important role in working life (Tynjala, 2013). Even
though technology can diminish the need for problem-solving in some cases,
new and other forms of problem-solving needs may also emerge because of the
technologies. According to Brand-Gruwel and Stadtler (2011), solving 21st
century information-based non-routine problems requires multiple cognitive skills,
from searching and evaluating to integrating information. As a result, an
increasing amount of VET professions’ workers need to engage in innovative and
transformative forms of learning and problem-solving (in addition to reproductive
activities) to respond to these challenges (Tynjala, 2013). Furthermore, while the
production processes are also speeding up, workers need to solve complex
problems more and more rapidly. Therefore, professional expertise and abilities
regarding intuitive problem-solving are becoming increasingly important. This
means that in contrast to highly cognitive demanding and thus very conscious
problem-solving activities, these intuitive problem-solving activities should be
carried out in a more natural and spontaneous way, leading to more unconscious
and very quick reactions in challenging situations (Harteis et al., 2008).
Moreover, this type of extraordinary performance based on intuitive problem-
solving is also being demonstrated in rather complex knowledge construction
activities (Harteis et al., 2008; Harteis and Billett, 2013).

Recently, Harteis and Billett (2013) argued that although intuitive problem-solving
in technology-rich environments (TREs) is not recognised in the same way as it
is in different professions, it is an important ability being utilised across all forms
of work requiring instantaneous decision making (see also Harteis and Gruber,
2008). Despite the rapid proliferation of technologies in the workplace, research
into the professional development and adults’ skills for solving problems in TREs
is still in its infancy. Therefore, it is not yet clear what kinds of factors influence
and are associated with VET adults” strong problem-solving skills in TREs. To
guide future workplace learning, we need a better understanding of what kinds of
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skills adults currently have and what kinds of factors are associated with strong
performance in TRE problem-solving to develop professional expertise for VET
adults that will be needed in their future working lives.

Previously, the problem has been that no accurate international large-scale data
have been available with respect to adults’ key information-processing skills. The
data from the Programme for the International Assessment of Adult
Competencies (PIAAC) from the Organisation for Economic Co-operation and
Development (OECD) comprise the most comprehensive source of information of
adult skills ever undertaken. As a result, the PIAAC information is an extension of
prior information sources on adults’ skills and competences and makes it
possible to identify gaps throughout adults’ working careers by predicting current
and emerging needs in relation to adults’ problem-solving skills in TREs.

Aims

Our previous analysis of the PIAAC data has indicated that despite different
educational approaches (school- versus work-based) to VET, the majority of
adults with VET in Europe have weak skills or lack skills to solve problems in
TREs (Hamalainen et al., 2014). As a direct result of that, European countries
are challenged to find new ways to enhance the quality of VET adults’ problem-
solving skills in TREs to respond to the requirements of working life. However, in
addition to low-performing adults, there are well-performing VET adults when it
comes to problem-solving skills in TREs. The starting point for the present study
is to explore what distinguishes these good problem-solvers in TRE. This study
uses the PIACC data and seeks to understand which factors are associated with
VET adults’ strong problem-solving skills and what kinds of associations come
into view. More specifically, this article focuses on introducing new knowledge
with respect to the socio-demographic, work-related and everyday life
background factors that contribute to successful VET adults’ problem-solving
skills. The specific research questions are as follows:

RQ1: What are typical characteristics of strong problem-solvers?

RQ2: Which socio-demographic factors are associated with VET adults’ strong
performance in problem-solving in TREs?

RQ3: Which factors related to skills use and learning at work are associated with
VET adults’ strong performance in problem-solving in TREs?

RQ4: Which factors related to skills use and learning outside of working life are
associated with VET adults’ strong performance in problem-solving in TREs?

Data and methods
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We analyse PIAAC data from 11 countries’. This selection of countries is based
on an earlier study (Hamalainen et al., 2014) in which the selection was based on
the information available in the Cedefop calculations of Eurostat data (i.e.
whether they apply a school- or work-based VET approach) and the information
in the PIAAC data (i.e. whether data were available on problem-solving in TREs,
as not all countries took part in the problem-solving tests; for a detailed
description, see Hamalainen et al., 2014). Our analysis focuses on VET adults
who are employed. The number of observations in the resulting dataset was
12,929.

In the PIAAC data, the problem-solving skills of an individual are measured by 10
plausible values (PVs). These can be seen as alternative (though highly inter-
correlated) ‘test scores’, each estimating the individual's latent proficiency.
Together they describe the ‘range’ where the individual's ‘true’ proficiency is
likely to be located. The canonical approach, following the methodological
principles adopted in PIAAC and other international large-scale assessments
(see OECD, 2013), is to use all of them in the statistical analyses, to avoid
underestimation of population variance and correctly account for the uncertainty
in estimating a latent quantity. However, approximate results of adequate
precision can be obtained using a single PV. On the one hand, this simplifies the
required computations; on the other hand, this enables more versatile data
analyses. In what follows, we have based our analyses on the tenth problem-
solving PV (PV10). The reason for selecting this specific PV was that in the
descriptive statistical analyses, it produced results that were very close to those
obtained using all 10 PVs. We also made some comparisons between the logistic
regression results obtained using all 10 PVs and, alternatively, with PV10 only.
The numerical differences were minor and did not lead to dissimilar conclusions.

Our aim is to explore the background variables associated with strong problem-
solving skills in TREs as measured in the PIAAC tests. Using the PV10, we
divided the VET adults into two groups: strong performers (skill level 3, which is
the highest level possible, so individuals with a test score between 341 and 500
points) and the others (skill level 2 or lower, individuals with a test score between
0 and 340 points, and those who could not take the PIAAC test with computer
were included also?). In PIAAC the proficiency levels of problem solving in TREs
are defined on the grounds of the complexity of cognitive strategies and

1 More precisely, 5 countries with work-based VET approaches (Austria, Slovak Republic, Czech
Republic, Denmark and Germany) and 6 countries with school-based VET approaches (Belgium,
Finland, Ireland, the Netherlands, Norway and Poland).

2 The individuals who could not complete the test were included in the group of ‘other’ performers
because they either indicated a lack of skills to work with computers or failed a basic computer test
(e.g. scrolling, dragging), excluding them from the problem-solving in TRESs test. In other words, these
individuals can reasonably be considered as not being strong performers in problem-solving in TRESs.
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processes needed in completing the tasks as well as the command of multiple
technology environments. At level 3 an individual typically shows command of
specific technology applications, ability to navigate across pages and use tools.
In addition, adult shows capability to handle tasks involving multiple steps and
operators, goals not given beforehand and unexpected outcomes. Finally, at
level 3 the respondent is capable of evaluating the relevance of information as
well as high inferential integration (see, OECD 2013).

We have considered a number of explanatory background factors, which were
categorized into three clusters — see Table A1, appendix. First, a socio-
demographic cluster comprising: (1) age, measured continuously but categorized
in 10-year-spans; (2) occupational status, differentiating between elementary,
semi-skilled blue-collar, semi-skilled white collar and skilled occupations; (3)
gender; (4) cultural capital as measured by the number of owned books, namely
more or less than 100 books; (5) cultural capital as measured by parents’
educational level, differentiating between less than upper secondary education,
upper secondary education and higher education; (6) cultural background as
measured by language spoken at home, differentiating between native and non-
native speakers; and finally (7) subjective health. A second cluster consists of
variables related to workplace skills use and learning, more precisely: (1)
numeracy skill-use, (2) ICT skill-use, (3) reading skill-use, (4) writing skill-use, (5)
informal learning opportunities, (6) (non-)formal learning opportunities as
measured by participation in adult education and training (AET) for job-related
reasons, (7) employment type, differentiating between the self-employed and
employees; and (8) job position, differentiating between supervisors and others.
Finally, a third cluster consists of variables related to everyday life skill use and
learning comprising: (1) numeracy skill-use, (2) ICT skill-use, (3) reading skill-
use, (4) writing skill-use and (5) (non-)formal learning opportunities as measured
by participation in AET for non-job-related reasons. Binary logistic regression
models were fitted to the data to examine which factors predict strong problem-
solving performance (‘other’ performers being the reference category).

All data analyses were carried out with the SAS software. Basic descriptive
statistics and their standard errors were computed by specific SAS macros
provided by the PIAAC Consortium and tailored to follow the methodological
principles of the PIAAC study (see OECD, 2013). The logistic regression
analyses were performed using the SURVEYLOGISTIC procedure of the SAS
software. The regression coefficients were estimated by maximum likelihood, and
the variances were estimated under the model-based approach, making use of
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the Taylor series linearization method®. All analyses were survey weighted to
account for the PIAAC sampling design and possible biases caused by non-
response.

First, we estimated a multiple logistic regression model for each of the three
background factor clusters separately to assess the relative importance of socio-
demographic, work-related and everyday skill use and learning factors. Second,
we fitted a final’ logistic model consisting of statistically significant (p < .05)
predictors only. The candidate predictors for this final model were selected on the
basis of the results from the logistic models of the three factor clusters. Only
those factors which showed p<.10 in the cluster-wise analyses were selected.
From these factors, the final collection of statistically significant predictors was
selected by the backward elimination approach, i.e. the non-significant factors
were removed one by one from the model with all factors, until only significant
factors were left, resulting in a parsimonious model.

Results

According to the analysis of all 10 PVs, only 2.7 % of the employed VET adults in
the data showed strong problem-solving skills. Exactly the same proportion was
obtained using the PV 10 only. Compared to the ‘other’ performers, the strong
performers were somewhat younger (mean age 34 years versus 42 years), more
often male (65 % vs 56 %) and had more often skilled occupations (49 % vs
23 %) — see appendix, Table A1. In addition, they tended to have more cultural
capital, as measured with parents’ education (36 % with at least one parent
having a higher education degree, versus 16 %) and number of books at home
(56 % with at least 100 books at home, versus 31 %). When it comes to skill use
at work, active use was more common among the strong performers than among
the others, whether the question is about numeracy (56 % vs 27%), ICT skills
(41 % vs 17%), reading (54 % vs 30 %) or writing (43 % vs 28 %). The results on
skill use at home were similar (Table A1). Finally, the strong performers seemed
to have participated in adult education and training, both job-related (68 % vs
46 %) and non-job-related (14 % vs 6 %), more actively than the others.

In Table 1, we present the results of the binary logistic regressions for each
cluster of factors. These results represent the likelihood of attaining a strong
performance in TREs. From these figures, we can first observe that the three
clusters of explanatory factors are almost equally important in predicting a strong

3 The frequently adopted approach for variance estimation in large-scale assessments is the Jackknife
Repeated Replication (JRR) method. This approach is, in general, slightly more robust than the
approach adopted here, with respect to possible model misspecifications, but otherwise there is no
systematic evidence favouring one approach over the other.
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problem-solving performance. As measured with the Nagelkerke R-square,
socio-demographic factors explained 13 % of the variation. Workplace skill use
and learning explained 10 %, and everyday skill use and learning 12 %.

Insert Table 1

Of the socio-demographic factors, age group showed the strongest effect on the
likelihood of strong problem-solving skills in TREs, in terms of odds ratios. The
older the respondent becomes, the less likely s/he is to attain strong skills in
problem-solving. Compared to the 16- to-24 year olds, the odds of 35- to 44 year
olds being a less-than-strong problem-solving performers was two (2.16) times
larger. For the 45- to 54 year olds, the odds were more than three (3.30) times
larger, and for the 55- to 65 year olds almost seven (6.67) times larger. The
difference between the 16- to 24 year olds and 25- to 34 year olds was not
statistically significant, however. Having a skilled occupation played a highly
significant role as well: those in skilled jobs were far more often strong
performers than the others (odds ratios ranged from 2.13 to 4.35). Cultural
capital, as measured by the number of books at home, also increased the
likelihood of strong performance. The odds of being a strong performer was 1.34
times larger among individuals who own more than 100 books compared to
individuals who own less than 100 books. Gender also had a significant effect,
with men having 1.71 times larger odds than women for being a strong
performer. Cultural background, as measured by language spoken at home, had
no significant effect, nor did the self-assessed health.

The results of the workplace skill use and learning cluster suggest that only
practicing numeracy at work and participation in job-related AET have significant
positive effects on the likelihood of strong problem-solving performance at the
conventional 5 % level. However, the effects of ICT use at work and writing at
work were very close (p=.055 and p=.078, respectively). Those who had
participated in job-related AET were 1.61 times more likely to be strong problem-
solving performers. As for the use of numeracy skills, the most active group
showed strong performance more often than the other groups®.

The picture for the third cluster of variables, everyday skill use and learning, is
quite similar to the second cluster. Practising numeracy skills at home and
participating in non-job-related AET had positive effects on problem-solving skills.
Those who averagely or actively use numeracy skills at home had approximately

4+ We changed the reference category of the numeracy at work from ‘Passive’ to ‘Active’ to make the
group differences more observable.
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2.5 times larger odds of being strong problem-solving performers than the
‘passive’ group. The odds of those who had participated in non-job-related AET
was 2.27 times larger than the odds of those who had not. In addition, practising
ICT skills at home had an extremely strong influence on strong problem-solving
performance; in effect, average and active ICT practitioners had, respectively,
odds that were no less than 5.10 and 10.44 times larger than that of the most
passive group. It is also worth mentioning that the effect of writing at work was
not far from being statistically significant. Instead, the use of reading skills (either
at home or at work) did not play a significant role at all after the other skill uses
were controlled for.

Table 2 presents the results of the ‘final’ model, i.e. the logistic model containing
those factors (preselected on the basis of the previous cluster-wise analyses),
which were found to be significant (p<.05) when considered together.
Comparable to the results of the socio-demographic cluster only (see Table 1),
age still has a strong impact on the likelihood of strong performance in problem-
solving in TREs. In particular, older adults are less likely to be strong problem-
solving performers: the odds of 55- to 65 year olds was 5.40 times larger than
that of 16- to 24 year olds. Additionally, occupational status and cultural capital
(measured as owned books) influence the likelihood of strong performance as
well.

Insert Table 2

The results for the cluster on workplace skills and learning indicate that
participating in work-related AET increased the odds of being a strong performer
by 1.85. The effect of using numeracy skills was highly significant. The most
active practitioners obtained the best results but, surprisingly, the difference from
the most passive ones was small. Instead, the average group showed clearly the
worst performance. As for writing skills, both average and active practitioners
distinguished themselves positively from the passive ones. Overall, the most
active practitioners of both numeracy and writing obtained the best problem-
solving results.

Finally, the variables in the everyday life cluster had considerable influences as
well. More specifically, we observed that the use of ICT skills is positively
associated with the likelihood of strong problem-solving performance, with
average and active practitioners having, respectively, 2.37 and 3.35 times larger
odds of being strong performers than the most passive ones. The influence of
using numeracy skills was similar; here the odds ratios for average and active
practitioners were 2.56 and 2.71, respectively. Participation in AET during free
time (i.e. for non-job-related reasons) also increased the likelihood of strong
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problem-solving performance; the odds of strong performance was 3.24 times
higher among those who had participated.

Discussion

In light of the PIAAC data, our previous studies (Hamalainen et al., 2014; 2015)
showed the critical issue that adults with VET have lower problem-solving
performance on average than adults with other educational backgrounds. As
problem-solving in TREs is increasingly important in the labour market, there
seems to be a gap emerging between what kinds of skills VET adults currently
have and what is beneficial in future workplaces. The aim of the present study
was to generate a better understanding of the background factors that are
associated with VET adults’ strong problem-solving performance. As the results
pointed out, the socio-demographic factors of age, occupation, and books at
home are essential factors. The age factor is known to be related to problem-
solving skills in TREs (Hamalainen et al., 2015). Naturally, the generational
differences are intertwined with age, i.e. older adults had a different VET back in
their schooling, and they have had different pathways on working life (also see
the discussion on the changing workplace in the introduction of this article).
Given that one of the places where adults learn, or at least use and maintain their
skills, is the workplace (Billett, 2006; Bound and Lin, 2013), it is not surprising
that occupational status is highly related to problem-solving skills. In addition to
work-related learning, our results also show novel information indicating that
cultural capital, the number of books at home, a factor that is actually more
related to an adults’ everyday life than with his/her occupation, is an important
predictor of strong problem-solving skills.

Future directions

Based on our findings and other related research, we propose three
recommendations for enhancing VET adults’ continuing professional
development and work conditions. First, the challenge is that in workplaces,
simple routine tasks are more and more often performed automatically by
computer-controlled machines, while modern workers often need to collaborate
in teams and are employed to tackle exactly those problems that cannot be
tackled automatically by computers or robotics. As a direct result of that, workers
with a VET background face concrete problem-solving situations in which
knowledge is somehow implicit and directly integrated into practice. Furthermore,
most decisions in current workplaces have to be made under time constraints or
with restricted or incomplete information, requiring creative problem-solving
under those conditions (Harteis and Billett, 2013). However, people with little
prior experience regarding successful problem-solving experiences in TRE
settings may not have developed adequate knowledge that guides them in
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problem-solving situations (Fischer et al., 2013). We emphasise the importance
of group-based working and learning approaches in supporting VET adults’
problem-solving in TREs. One solution may be to pay more attention to
collaboration between groups of adult workers. For example, communities of
practices (Wenger, 1998) may help VET adults to engage in the processes of
collective learning in a shared domain in the workplace.

Second, VET adults may not be ready to quickly take over new technologies and
to solve problems in changing technological environments. Our results hint that
this may be related to the notion that VET adults may not spontaneously engage
enough in everyday life learning and in using TRE problem-solving skills outside
the workplace. In particular, our findings indicated that participating in job-related
and non-job-related AET is favourable for problem-solving skills; however, the
effect seems stronger for non-job-related AET. The same is true for ICT skills;
while ICT skills at home are of significant importance, ICT skills at work were not
significant. Regarding Eraut (2004 a,b), everyday life and informal learning
encounters are essential for experiencing, developing, refining, and sharpening
what has been learnt previously and generating tacit knowledge and routines that
are shaping professional development in workplace settings. In line with this, in
addition to novel technology-enhanced workplace learning approaches (e.g.
Tynjala, Hakkinen, & Hamalainen, 2014), VET adults’ professional development
calls for novel ways to support non-formal and informal learning. While these
professional development activities can be organised for adults already in the
workforce, it may be important to stimulate a lifelong learning attitude throughout
the initial vocational education and training.

Third, it seems that VET adults need support for developing their professional
competencies, knowledge and skills to better match future workplace needs,
since only 2.7 % of the employed VET adults in the data showed strong problem-
solving skills. On the one hand, new technological solutions can provide
encouragement for solving problems in workplace contexts. On the other hand,
the usage of technological tools in itself does not guarantee successful problem-
solving in TRE settings. Recently, Harteis and Billett (2013) claimed that experts
in intuitive problem-solving situations recognise patterns in complex
arrangements that enable them to better respond spontaneously in ways that
novices would not be able to. The crucial question relates to how VET adults with
limited previous experiences and low problem-solving skills in TREs can develop
the ability to recognize patterns in complex arrangements that enable them to
respond quickly to problem-solving situations in their working lives. It is pivotal to
create support for VET adults to respond to future problem-solving challenges.
Previous research in educational contexts has focused on individual (Schank and
Abelson, 1977) and collaboration (Kobbe et al., 2007; Fischer et. al., 2013)
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scripts as a successful instructional approach to support problem-solving in TREs
(for a detailed description of scripts, see a recent review by Fischer et al., 2013;
Kollar et al., 2014). In short, scripts refer to culturally shared knowledge about the
world that provides information, for example, about conditions and processes of
problem-solving situations (Schank and Abelson, 1977) that may enable the
development of VET adults’ problem-solving experiences, which then lead to
enhanced skill development.

While the results of our study are very informative with respect to providing
insight into the general backgrounds of adults with strong problem-solving skills,
we have to acknowledge that the nature of our study is explorative and that the
relationships found are important, but causality is hard to define. Therefore, our
findings highlight the need for further studies. For example, one interesting
finding in this study was that writing at work was significantly predicting problem-
solving skills (especially for average compared to passive adults), while writing at
home was not withheld in the model. With respect to this, further studies are
needed to illuminate which writing activities are contributing to the development
of problem-solving skills. While the PIAAC data are not fine-tuned enough to
investigate this in detail, there is related qualitative research on reflective writing
and vocational learning (Boldrini and Cattaneo, 2014).

In sum, VET adults are a heterogeneous group and their needs can vary among
professionals. We need several research-based ways to support VET adults’
professional and competence development at the individual and collective levels
(Bound and Lin, 2013). We have workers who will change occupations and
complete different training programmes for different professions (Bresnahan et
al., 2002; Crafts, 2004). Thus, development of continuing education is needed. In
addition, we will have to develop new workplace learning approaches for workers
who will stay at the same workplace, but have changing job descriptions
(Maclean and Wilson, 2009; Tuomi-Grohn and Engestrém, 2003). And finally,
VET adults who can be identified as ‘at-risk’ or ‘weak’ performers may be in
danger of exclusion from the labour market due to their insufficient skills and
abilities. As previous studies have indicated that low levels of education and
limited working history are associated with an increased risk of labour market
exclusion (Rosholm, 2001), special attention needs to be paid for developing new
prospects for VET adults’ lifelong, life wide and workplace learning. An important
implication of this study is that this article explored new knowledge about good
problem-solvers in TREs with a VET background. This knowledge can serve as a
starting point for developing the abovementioned learning approaches.
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Table 1. Likelihood of strong performance in problem-solving in TRE, outcomes from the binary
logistic regression, per cluster

Odds
ratio
b SE (OR) 1/OR
Cluster 1: Socio-demographic factors
R? (Nagelkerke) = .128
N =12,186
1. Age [x* (4) = 23.39, p <.001]
16-24 (ref)
25-34 -.09 27 91 1.10
35-44 77730 46 2.16
45-54  -1.19 7 35 30 330
55-65  -1.90 7 .66 .15 6.67
2. Occupational status * [y? (3) = 34.18, p <.001]
Elementary occupations -1.05 .64 35 2.86
Semi-skilled blue-collar occupations -1.46 77 26 23 435
Semi-skilled white-collar occupations -76 7723 47 213
Skilled occupations (ref)
3. Gender [y? (1) = 5.68, p =.017]
Female (ref)
Male 54723 171 58

4. Cultural capital: books at home [y? (1) = 16.93, p < .001]
Less than 100 books at home (reference)
Min. 100 books at home 29 07 134 75
5. Cultural capital: parental education [x? (2) = 6.46, p = .040]
Min. one parent upper secondary education (ref)
Both parents less than upper secondary education -.18 32 84 1.19
Min. one parent higher education .50 21 1.65 .60
6. Cultural background [y? (1) = 1.04, p = .308]
Native speaker (ref)

Non-native speaker .54 S3 172 58
7. Subjective health [x? (1) = 0.20, p = .658]
Less than good (ref)
At least good -.05 A1 95 1.05

Cluster 2: Work-related learning factors
R? (Nagelkerke) =.100

N =11,312
1. Numeracy at work b[X2 (2) =13.60, p =.001]
Passive -.54 32 S8 1.72
Average -82 7 22 44 227

Active (reference)
2.ICT at work * [y? (2) = 5.79, p = .055]
Passive (reference)
Average .65 36 1.92 52

*

Active .90 37 246 41

Note. * Elementary occupations = ISCO 9, Semi-skilled blue-collar occupations = ISCO 6-8, Semi-skilled
white-collar occupations = ISCO 4-5, Skilled occupations = ISCO 1-3. * Passive = lowest 20%, Average =
20™ to 60™ percentile, Active = highest 40%. “p <.05, ~ p<.01, " p<.00l.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.



Downloaded by UNIVERSITY OF JYVASKYLA At 04:42 16 October 2017 (PT)

Table 1. (Continued)

Odds
ratio
b SE (OR) 1/O0R
3. Reading at work ° [y? (2) = .48, p = .812]
Passive (reference)
Average .16 46  1.18 .85
Active 28 S1 246 41
4. Writing at work ° [x? (2) = 5.10, p = .078]
Passive (reference)
Average 87 ° 38 239 42
Active 71 38 2.03 49
5. (Informal) learning at work ° [? (2) = 2.46, p = .292]
Passive (reference)
Average .14 29 115 .87
Active -24 32 79 127
6. Adult Education and Training [y? (1) = 4.86, p = .027]
Did not participate for job-related reasons (ref)
Participated for job-related reasons 47 7 22 16l .62
7. Employment type [x? (1) = 2.09, p =.149]
Employee (ref)
Self-employed -.87 .60 42 240
8. Job position [y? (1) = .09, p =.765]
Other (ref)
Supervisor .06 22 1.07 .94
Cluster 3: Everyday life learning and other factors
R? (Nagelkerke) =.118
N=11,328
1. Numeracy at home ° [y? (2) = 10.46, p = .005]
Passive (ref)
Average 92 7 31 252 40
Active 94 7 31 256 39
2. ICT at home ° [y? (2) = 39.64, p < .001]
Passive (ref)
Average 1.63 7 40 510 20
Active 235 77 39 1044 .10
3. Reading at home * [y? (2) = .19, p = .908]
Passive (ref)
Average -.16 .38 .85
Active -17 41 .84
4. Writing at home ® [y? (2) = 5.43, p = .066]
Passive (ref)
Average 69 7 31 199 50
Active .39 36 148 .68
5. Adult Education and Training [x? (1) = 7.34, p = .007]
Did not participate for non-job-related reasons (ref)
Participated for non-job-related reasons 82 7 30 227 44

Note. ” Passive = lowest 20%, Average = 20" to 60" percentile, Active = highest 40%. p <.05, p<.0l,

skt

p <.001.
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Table 2. Likelihood of strong performance in problem-solving in TRE, outcomes from the binary
logistic regression, final model

Odds
ratio
b SE  (OR) 1/OR
Cluster 1: Socio-demographic factors
1. Age [x? (4) = 24.21, p <.001]
16-24 (ref)
25-34 -.19 29 82 1.21
35-44 -84 730 43 231
45-54 116 7 35 31 319
55-65 -1.69 .62 19 5.40
2. Occupational status * [y? (3) = 10.78, p = .013]
Elementary occupations -11 .62 .89 112
Semi-skilled blue-collar occupations -74 7 28 48  2.10
Semi-skilled white-collar occupations -66 7 24 520 1.93
Skilled occupations (ref)
3. Cultural capital: books at home [y? (1) = 9.14, p =.002]
Less than 100 books at home (ref)
Min. 100 books at home 237 07 125 .80
Cluster 2: Work-related learning factors
1. Numeracy at work ° /32 (2) = 12.12, p = .002]
Passive -.34 .29 Jr 141
Average -771 77 22 46 2.16
Active (ref)
2. Writing at work ° /[y (2) = 8.87, p = .012]
Passive (ref)
Average 91 7 31 248 40
Active 647 30 189 .53
3. Adult Education and Training [y? (1) = 7.95, p =.005]
Did not participate for job-related reasons (ref)
Participated for job-related reasons 62 7 22 1.85 .54
Cluster 3: Everyday life learning and other factors
1. Numeracy at home ° /32 (2) = 9.81, p = .007]
Passive (ref)
Average 94 7 32 256 39
Active .00 © 34 271 .37
2.ICT at home ° /% (2) = 9.55, p = .008]
Passive (ref)
Average 86 ° 40 237 42
Active 121 7 40 335 30
3. Adult Education and Training [x? (2) = 13.90, p <.001]
Did not participate for non-job-related reasons
(ref)
Participated for non-job-related reasons 1.18 ™ 32 3.24 31
R? (Nagelkerke) .19
N 12,578

Note. * Elementary occupations = ISCO 9, Semi-skilled blue-collar occupations = ISCO 6-8, Semi-skilled
white-collar occupations = ISCO 4-5, Skilled occupations = ISCO 1-3. * Passive = lowest 20%, Average =
20™ to 60™ percentile, Active = highest 40%. " p <.05,  p<.01, " p<.001
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Table A1l. Descriptive sample statistics (weighted)

Problem-solving in TRE
Other Strong
Mean % Mean %

Cluster 1: Socio-demographic factors

1. Age 41.5 34.0
16-24 6.5 12.0
25-34 20.7 40.7
35-44 27.4 26.1
45-54 29.7 17.1
55-65 15.7 4.2
2. Occupational status *
Elementary occupations 6.7 34
Semi-skilled blue-collar occupations 37.5 18.5
Semi-skilled white-collar occupations 333 29.5
Skilled occupations 22.5 48.6
3. Gender
Male 56.2 64.9
Female 43.8 35.1
4. Cultural capital: books at home
Less than 100 books at home 68.6 44.5
Min. 100 books at home 31.4 55.5
5. Cultural capital: parental education
Both parents less than upper secondary education 22.1 9.4
Min one parent upper secondary education 61.7 54.2
Min. one parent higher education 16.3 36.4
6. Cultural background
Native speaker 92.6 95.9
Non-native speaker 7.4 4.1
7. Subjective health
Less than good 10.4 8.5
At least good 89.6 91.5

Cluster 2: Work-related learning factors
1. Numeracy at work ”

Passive 414 22.8
Average 31.8 20.8
. Active 26.8 56.4
2. ICT at work
Passive 60.2 23.6
Average 233 354
Active 16.5 40.9

Note. * Elementary occupations = ISCO 9, Semi-skilled blue-collar occupations = ISCO 6-8, Semi-skilled
white-collar occupations = ISCO 4-5, Skilled occupations = ISCO 1-3. * Passive = lowest 20%, Average =
20™ to 60™ percentile, Active = highest 40%.
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Table Al. (Continued)

Problem-solving in TRE

Strong Other
Mean % Mean %
3. Reading at work "
Passive 29.3 8.7
Average 40.6 36.9
Active 30.1 54.4
4. Writing at work °
Passive 37.7 8.9
Average 344 48.6
Active 27.9 42.5
5. Learning at work °
Passive 28.6 19
Average 43.1 53
Active 28.3 28
6. Adult Education and Training (AET)
Did not participate for job-related reasons 54.4 31.8
Participated for job-related reasons 45.6 68.2
7. Contract type
Employee 87.9 88.9
Self-employed 12.1 11.1
8. Job position
Supervisor 26.2 34.8
Other 73.8 65.2
Cluster 3: Everyday life learning and other factors
1. Numeracy at home °
Passive 28.6 7.8
Average 40.7 41
Active 30.7 51.2
2. ICT at home "
Passive 41.3 7.8
Average 34.7 36.5
Active 24 55.6
3. Reading at home "
Passive 20.9 6.4
Average 43.7 353
Active 354 583
4. Writing at home °
Passive 36.4 9.9
Average 36.3 49.8
Active 273 40.4
5. Adult Education and Training
Did not participate for non-job-related reasons 94.5 85.9
Participated for non-job-related reasons 5.5 14.1

Note. * Elementary occupations = ISCO 9, Semi-skilled blue-collar occupations = ISCO 6-8, Semi-skilled
white-collar occupations = ISCO 4-5, Skilled occupations = ISCO 1-3. ® Passive = lowest 20%, Average =
20™ to 60™ percentile, Active = highest 40%.
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