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Figure 6: Learning Curves of Successive Tasks with Transferable Knowledge

Source: Harlow (1949)

That intelligence plays a role in the transferability of learning has been argued since the 
work of Charles Spearman, Godfrey Thomson, and Edward L. Thorndike. Deary, Lawn 
and Bartholomew (2008) for instance cite a statement given by Spearman in 1931 at 
the International Examinations Inquiry Meeting in 1931:

“And so the discovery has been made that G is dominant in such operations 
as reasoning, or learning Latin; whereas it plays a very small part indeed in 
such operation as distinguishing one tone from another… G tends to dominate 
according as the performance involves the perceiving of relations, or as it requires 
that relations seen in one situation should be transferred to another….” (p.11).

Proving this has been much harder. Several decades later, the work of Ackerman 
(1988) decisively concluded that intelligence represents an ability to learn by showing 
that higher ability individuals learn faster than low ability ones, and that the relation 
between ability and learning is enhanced in more complex tasks. Besides intelligence, 
learning by repetition and learning by testing has been found to improve the transfer 
of learning, with testing having a stronger positive effect than re-learning only (Butler, 
2010; Carpenter 2012; Carpenter and Kelly, 2012). Carpenter and Kelly, (2012) showed 
that individual learning of complex tasks (in their case spatial orientation) benefited 
more from testing of individuals‘ learning than from re-learning only. They find similar 
results for testing and feedback vs. re-learning, while the differences between testing
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and testing and feedback were insignificant. Finally, they find that testing enhanced 
the transferability of learning more than re-studying, although they admit that this 
might be due to the similarity of testing as a treatment to the final test which the 
participants were taking.

5. MATCHING ABILITIES AND JOB COMPLEXITY

The way people are distributed across jobs is far from random. While it is true that the 
structure of jobs in the economy is continuously changing and hence there is a great 
deal of constraints on the available jobs from which individuals can choose, it is also 
known that people select their professions and jobs based on characteristics such as 
gender (Lent, Lopez and Bieschke, 1991), culture (Fouad and Byars-Winston, 2005) 
and risk attitudes (Bonin, Dohmen, Falk, Huffman and Sunde, 2007). This section will 
focus on ability as an important factor of job choice.

Ackerman (1987, 1988) showed that intellectual ability plays a crucial role in explaining 
individual-level differences in learning. Interestingly, Ackerman (1988) also concluded 
that for simple, consistent tasks (e.g., many of the military and industrial tasks), 
individual differences in job performance are only moderately correlated with general 
intelligence. In these tasks additional factors such as motivation may play increasingly 
more important role over time, once the mechanics and the logic of the tasks have 
been understood. The decline in the general ability-performance correlation is smaller 
for complex or less consistent tasks. This pattern is consistent with understanding 
of general intelligence as an ability to learn, and more complex tasks as having more 
scope for learning.

Eyring, Johnson and Francis (1993) tested the effect of ability, self-efficacy and task 
familiarity on task performance. Unlike ability, which is an objective attribute, self-
efficacy is the individual‘s belief in own capabilities and personal efficacy in exercising 
control over events (Bandura, 1977 and 1986). Task familiarity is the individual‘s 
declarative knowledge and procedures relevant for the performance of a given task. 
Such knowledge can be gained through prior experience with the same or similar 
tasks. To test their hypotheses the authors designed an experiment where 120 
individuals played a simulation of an Air Traffic Control (ATC) task. The task had three 
basic components: (a) accepting planes into the airspace, (b) moving planes in a three-
level hold pattern, and (c) landing planes on the appropriate runways. Performance was 
measured as the number of planes landed during each 5-min trial. For each individual 
the authors measured the ability, the self-efficacy and the task familiarity. The key 
findings about the relationship between ability and task performance are demonstrated 
in Figure 7 where the learning curves of the highest and lowest performing individuals 
are plotted. Better able individuals started with higher initial performance and reached 
the asymptotic learning faster. Interestingly, similar findings hold for the relation 
between self-efficacy and task performance, with the difference that those with lowest 
self-efficacy did not reach the asymptotic performance which the high self-efficacy 
individuals did (not shown here).



To conclude, both objective ability and perceived ability matter for task performance, 
but they are more important in tasks with higher scope for learning.
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Figure 7: Ability and Task Performance

Source: Eyring, Johnson and Francis (1993)

Wilk, Desmarais and Sackett (1995) and Wilk and Sackett (1996) hypothesize that higher 
ability individuals tend to choose more complex jobs. Wilk and Sackett (1995) use the 
National Longitudinal Survey of Youth (NLSY) to test this hypothesis. They find that 
individual-level general ability as measured by the General Aptitude Test Battery (GATB) 
in 1982 predicted the individual job complexity in 1987. These results are consistent 
with the findings on the relationship between task performance and ability. If ability 
is more instrumental to the performance of complex tasks, maximizing performance 
is better achieved by assigning more able individuals to more complex tasks. Hence, 
both employers and employees will strive to match better able individuals with more 
complex tasks.

6. JOB COMPLEXITY AND JOB SATISFACTION

Work psychologists and organizational scientists have shown great interest in 
understanding what drives individual satisfaction with jobs. To understand the room 
for policy, the main objective has been distinguishing genetically predisposed factors 
such as fluid intelligence from factors that firms can actually influence, such as work 
conditions and work content. For instance, Brief (1998), as cited in Judge, Bono and 
Locke (2000), puts forward two models of job satisfaction: top-down, in which job 
satisfaction is derived from how one interprets the environment, and bottom-up, in 
which job satisfaction is derived from the experience of job conditions.

The top-down model leaves little room for policy intervention in adulthood if one‘s 
subjective interpretations of the work environment depend primarily on factors which
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are genetically predisposed or formed in childhood and early adulthood, such as 
personality and fluid intelligence. Early research on the topic provided support for the 
top-down model. For instance, Arvey, Bouchard, Segal and Abraham (1989) studied 
the impact of genetic and environmental factors of job satisfaction using a sample of 
monozygotic twins who were separated from an early age. They find that the twins 
held jobs that were similar in terms of their complexity level, motor skill requirements, 
and physical demands, suggesting that genetics play a critical role in the job choices 
people make. They conclude that organizations may have less influence over job 
satisfaction than is commonly believed, but they also comment that job enrichment 
efforts may raise mean levels of job satisfaction for the individuals, even if their rank 
ordering does not change. Using direct measurements of dispositional factors (i.e., 
individual-specific factors such as self-esteem which are unrelated to job content), 
Judge, Locke, Durham and Kluger (1998) and Judge, Bono and Locke (2000) find that 
these factors have direct and indirect impact on job satisfaction.

The bottom-up model, on the other hand, suggests that employers can significantly 
influence the levels of job satisfaction among their employees. It has been more difficult 
to provide evidence for the bottom-up model. Judge, Bono and Locke (2000) provided 
support for the bottom-up model, but admitted that the positive partial correlations 
between job complexity and job satisfaction may suffer from the problem of reverse 
causality. It might be that workers who are better satisfied with their jobs perceive their 
jobs to be more complex. Humphrey, Nahrgang and Morgeson (2007) also provide 
correlation-based support for a positive relationship between jobs complexity and 
job satisfaction, admitting as well that the results should not be mistaken for robust 
evidence about a causal relationship.

Several studies find that the relationship between job complexity and job satisfaction 
is mediated by personality and ability-driven self-selection in jobs. This means that 
better-able individuals and individuals with certain personality characteristics (e.g., high 
self-esteem, self-confidence and self-efficiency) prefer and choose more complex jobs 
and in return job complexity rewards them with higher job satisfaction. For instance, 
Wilk and Sackett (1995), and Wilk, Desmarais, and Sackett (1996) find that higher ability 
individuals are more likely to choose more complex jobs. Judge, Bono and Locke (2000) 
also conclude that “the reason individuals with positive core self-evaluations perceive 
more challenging jobs and report higher levels of job satisfaction is that they actually 
have obtained more complex (and thus more challenging and intrinsically enriching) 
jobs.”

Against this background, it becomes evident that both models, the top-down and 
the bottom-up are too simplistic. A key mechanism in the relationship between job 
complexity and job satisfaction is the match between individual skills and abilities 
on the one hand, and job content on the other. Individuals with low initial skills and 
abilities, i.e., low starting productivity and low learning rates may find themselves 
easily frustrated in jobs with high information processing demands. Highly able and 
ambitious individuals may get frustrated for the lack of challenging job content. 
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Hence, instead of investigating the relationship between job complexity and job 
satisfaction, a more promising approach would be to focus on the relationship 
between skill-job content match, personality-job content match, and job satisfaction. 
For instance, Vieira (2005) and Johnson and Johnson (2000) find that overqualification 
at the job reduces job satisfaction and De Grip, Bosma, Willems and Van Boxtel (2007) 
find that overqualification actually causes a decline in the immediate and delayed recall 
abilities, cognitive flexibility and verbal fluency. Interestingly, the evidence is hardly 
existent when it comes to the relationship between under-skilling or underqualification 
and job satisfaction. It is not clear why this is the case, because underskilling and 
underqualification on the labor market is very common too (Quintini, 2011; Nedelkoska, 
Neffke and Wiederhold, 2015). Future research should investigate both sides of skill 
mismatch, not only overqualification. More studies focusing on the underlying reasons 
for these relationships, like the one of De Grip et al. (2007) should also be encouraged.

7. CONCLUSIONS

Learning in jobs of different complexity has attracted ample attention among 
researchers in cognitive psychology and economics. Contributions from psychology 
help us understand the fundamentals of learning, while the research in economics 
illuminates the economic rationale for the education and career choices of adults and 
firms. This thematic report reviews the relevant literature in these two fields on the 
relationship between job complexity and learning. 

In psychology, the dominant theory of adult intelligence distinguishes between fluid and 
crystallized intelligence. It argues that crystallized intelligence peaks during adulthood 
and is retained at its peak for a few decades, while fluid intelligence, or the ability to 
learn starts declining in the mid-thirties. These insights have important implications 
for the timing of investments in skills. From such perspective, a unit investment in 
learning-to-learn ability should increase life-long individual productivity more than a unit 
investment in crystallized knowledge, because knowing how to learn helps individuals 
acquire crystallized knowledge faster. Hence, in a world where there is an opportunity 
cost to investing in skill development, investments in skills should be made at times 
that maximize the development of fluid intelligence. From a traditional economic 
perspective, investing early in education increases life-time earnings because firms 
pay a wage premium for additional years of schooling. From the more recent economic 
perspective, mainly developed by Flávio Cunha and James J. Heckman, very early 
childhood investments in skills have very high subsequent economic returns, while 
these returns to skill investments diminish very quickly even during the phase of 
childhood.

However, this is far from saying that it is optimal to stop learning at a certain point 
in adulthood. Quite on contrary, research shows that significant amount of learning 
happens at the job, where employees acquire valuable task, industry and occupation-
specific knowledge. 



This knowledge is reflected in individual earnings, job security and possibilities for 
professional promotion. Learning varies in tasks and jobs with different complexity. 
Most authors would agree that what complex tasks have in common is the high 
information processing load they impose on individuals. Individuals, when subjected 
to tasks with different complexity, produce learning curves of different shapes. Simple 
tasks are associated with decreasing returns to practice and information, and complex 
tasks can result in periods of increasing returns to practice and information.

Complex tasks are associated with higher productivity and higher earnings growth 
because they have wider scope for learning. Over a career path, employees tend to 
move from simple to complex jobs. One reason for this pattern is that complex jobs 
can only be performed efficiently after sufficient time spent on learning-by-doing in 
simple jobs.

Personality and cognitive characteristics impact the choice of job content. Personality 
characteristics such as self-esteem, self-confidence, self-efficacy, as well as cognitive 
abilities have been found to positively affect the choice of more complex jobs. In turn, 
those working in more complex jobs have higher levels of job satisfaction. To the best 
of our knowledge, there is no causal evidence on the direct effect of job complexity on 
job satisfaction other than through self-selection.

Although the research contributions on the topic of adult learning and job complexity are 
many as shown in this report, there is certainly room for further research. First, there 
are promising areas for further fruitful combinations of psychological and economic 
research on learning. The traditional view in economics is that the timing of human 
capital investments is driven by a rational decision to maximize lifelong earnings. More 
recent contributions by James Heckman, Flávio Cunha and others incorporated finding 
from psychology, neuroscience and education to form better informed models of skill 
formation. These models incorporate insights about the importance of non-cognitive 
skills, personality traits, as well as the critical timing of skill formation in economic 
models. However, as of now, their main policy implications regard skill formation in 
childhood, and in particular for disadvantaged children. Integrating the theories of 
formation of fluid and crystallized knowledge into economic research could give us 
better understanding of the optimal time for human capital investment along the life-
span and not only in childhood.

Second, economics could gain from incorporating the psychologists‘ insights about 
the transferability of learning. Such study could focus on understanding the knowledge 
principles of occupations which make them more or less similar to other occupations. 
In economic models job switching has a cost and this cost is minimized by switching 
to jobs to which we can transfer more knowledge. However, economists know little 
about the nature of knowledge transferability.
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Further area of research is the quantification of learning at the job vs. the learning 
through formal and informal education. Can schools teach product-specific knowledge 
or is this something which can only be taught at the job through learning by doing? 
For which products is this more or less the case? Products which production can 
be taught in school are easier to diffuse regionally and cross-country, improving 
the production prospects of lagging regions. Finally, there are areas of ample policy 
relevance such as predicting future job requirements, maintaining trainability and 
enabling requalifications in adulthood, and policies for integration of adult migrants 
with diverse cultural background, all of which should be prioritized on the research 
agenda on lifelong learning and job complexity.
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