[bookmark: _GoBack]




Career Advancement and Skill Requirements

Peter Cappelli
The Wharton School and NBER

Yang Yang
Rowan University


Abstract: 
The skills that jobs require are a central attribute in the management of employees and in determining employment outcomes.  They are the essence of “job requirements” in the hiring process, they feature heavily in compensation design, the construction of job ladders, and so forth.  Despite their importance and perhaps because of the difficulty in measuring them objectively, skill requirements have received considerably less attention in research than do the outcomes they drive.   
Similarly, the topic of careers and especially career mobility has also been studied much less than its importance merits.  One reason for that is the difficulty in measuring career advancement objectively. We use measures of the skills required in jobs to examine advancement in careers for the jobs held by a representative sample of US college graduates in the first decade of their careers.  We use the theory of cumulative advantage to examine changes in career advancement.  Among other things, we find that the skill requirements for the jobs held by these graduates change little over this period; academic ability and college prestige are especially associated with securing initial jobs that have greater requirements and that this advantage continues to influence subsequent jobs a decade later.  



Introduction:
As Hughes (1937) defined it, careers are a series of jobs or offices that individuals move across that are defined by employers and that come with different levels of status, a definition that most researchers have adopted.  The most fundamental question in the study of careers is arguably identifying the pattern of that movement, especially advancement. Particularly for those interested in organizations and in society, advancement matters because it determines who gets access to the most important and most interesting jobs, and who gets the largest rewards, shaping patterns of inequality and intergenerational mobility. 
The fundamental research on contemporary careers identified emerging patterns empirically and then described them with concepts such as “orderly” careers (Wilensky 1961) or “executive careers” associated with corporate employment practices for white collar jobs (Kanter 1997).
A great challenge in studying patterns in careers has been to establish criterion to determine advancement.  While it is straight-forward to assess whether an individual changes employers or even changes job title, whether those moves constitute a step up and how much of a step  can be difficult to say.  
Virtually all of the research on careers has assumed a criterion to measure movement based on formal authority, which is a concept typically defined within individual organizations.  That choice was no doubt shaped by the fact that employment tended to be long-term within the same organization, and the people who got to the top of those organizations got there internally (e.g., DiPrete 1987 in sociology, Markham, Harlan, and Hackett 1987 in psychology).
Organizational charts describe the hierarchy of authority across jobs. Given a common organizational chart and consistent job titles, it is clear which jobs have greater formal authority – typically greater status as well - and therefore which moves represent advancement. 
Because employers have different organizational charts and may use job titles differently, it can be challenging to determine what constitutes career advancement when moving across organizations.  Now that job changes across organizations are common, especially for white collar workers where the focus of career research has been (e.g., Cappelli, Hamori, and Bonet 2014), assessing and especially measuring career outcomes becomes more difficult.  There are notable exceptions, of course, including studies of lawyers, where advancement from associate to partner is a standard progression at least in most law firms (e.g., Gorman and Kmec 2009).   
The most common criterion for examining the effects of changing jobs has been wage outcomes. Inside large corporations where pay levels were established through job evaluation, higher pay rates arguably did correspond to increased responsibilities and authority.  Whether that remains the case when we consider job changes across organizations is an open question.  
While there is little doubt that higher wages are seen as an improvement for employees, other things equal, there are many reasons why wages are difficult to interpret as an objective outcome of advancement as usually understood in the topic of careers. Those concerns begin with the fact that the most important factor shaping market wages is simple supply and demand, which is beyond the control of any individual employee or any employer to influence. Consider a petroleum engineer whose compensation over time has varied greatly based on the demand for oil.  It would seem strange to suggest that the rise in wages that take place for a petroleum engineer during oil booms constitutes career advancement or that the collapse of wages after would be a good measure of career decline.  Other factors influencing wages that are unrelated to the nature of the job might be rent sharing, which might vary across employers as well as over time within the same employer, and incentive pay programs, where pay varies with individual and organizational performance. 
Another measure used to assess jobs or roles consistently across organizations is occupational prestige, which reflects how individuals in society or in some cases experts perceive the social status of those in different occupations. The limitation of this measure is that a great deal of what we typically see as advancement in careers takes place through job changes within the same occupation – e.g., the move from “test engineer” to “engineer” to “senior engineer” – which would not be captured as a change in prestige.   There is also evidence that occupational changes are actually less frequent now than other types of job changes, which further limits the usefulness of prestige as a measure of careers. [cite] PENN	Comment by Yang, Yang: A citation?
In the arguments below, we identify a different measure for assessing career advancement that is applicable for moves across organizations as well as within them, and that is the requirements of jobs.  While this measure has been used extensively in psychology in part to create job structures for advancement inside organizations, as noted in more detail below, it has not been used extensively in studies of career advancement. Job requirements have many advantages over previous measures: they are consistent with the underpinnings of formal hierarchies within individual organizations (job evaluations that create those hierarchies rely on skill requirements), they measure attributes like education that are the focus of policy discussions as well as demand-side attributes, and they can be subdivided into very specific components that have obvious practical implications. 
We apply measures of job requirements using the well-known “knowledge, skills, and abilities” framework to a nationally representative sample of college graduates where we can follow their movement across jobs over time. We then use the government’s O*Net database to translate job titles into requirements.  
These three components relate to important debates in contemporary society as well as in the world of research. REFERENCES HERE -  The different components relate to different institutional arrangements: “Knowledge” is closely identified with academic learning as provided by schools while “Skills” relates more closely to expertise learned on-the- job. The current debate about how valuable STEM (Science, technology, engineering, and math) education can be investigated by examining the role of “knowledge” in jobs. “Abilities” reflect attributes that are more dispositional. Changes in the requirements of jobs as individuals advance across careers therefore have important implications for these different institutions. Following the practice in the policy literature, we refer to job requirements collectively as “skill requirements”   	Comment by Yang, Yang: A citation?
Among the most interesting descriptive findings below are that the job requirements that individuals hold do not increase greatly from their first job after college graduation to a period ten years later; STEM skills are not strongly associated with career progression; KSA’s associated with liberal arts actually show a greater increase; the importance of abilities actually declines; and women hold jobs that have lower skill requirements . 
We also attempt to explain the pattern of advancement across individuals over time using the framework of cumulative advantage.  We examine four different attributes that are thought to drive cumulative advantage, especially in career outcomes.  The first is cognitive ability, especially as associated with academic endeavors.  The second is socio-economic background of one’s family.  The third more directly captures social status, and that is the social prestige of the college one attended. The final attribute is academic achievement, as a measure of knowledge learned but also of effort and prior achievement in a different realm. 
In the process, we also assess the three different ways highlighted in prior research in which advantage may operate: initial advantage, as measured by the requirements of one’s first job, continuing advantage, as measured by the increase in requirements of subsequent jobs, and increasing advantage, as measured by changes in the relationships between these advantages and subsequent job requirements over time.  
We find strong evidence of that these four attributes create initial and continuing advantage in securing jobs with greater knowledge and skill requirements but persistent evidence of negative relationships with ability requirements. There is considerably less evidence that the importance of the advantages increases over time.  We also find continuing advantage with respect to jobs per se in that securing an initial job with higher KSA’s leads not only to jobs with higher KSA’s later in one’s career but that the increase in KSA’s is higher, other things equal.

 Theories of Career Advancement:
The earliest US arguments about career advancement developed around the perception that intergenerational mobility had changed. Descriptions of the social background of business leaders – virtually all owners - were compared to those from earlier generations (e.g., Joslyn and Taussig 1932) initially showing the importance of inheriting one’s position.  By the 1950s, study of career advancement shifted to professional executives with more attention paid to the experiences over their own lifetime (e.g., Newcomer 1955).  Subsequent studies focused on social systems that shaped the advancement of contemporary executives (Whyte 1956; Kanter 1977), although examples that contrast experiences between age cohorts continue (e.g., Cappelli, Hamori, and Bonet 2014). 
Rigorous explanations of advancement in contemporary organizations came later and focused initially on the attributes of those organizations, such as promotion systems (Rosenbaum 1984) and internal labor markets more generally (Baron, J. N., Davis-Blake, A. and Bielby, W. T. (1986); vacancy chains and differences in the demographic balances across organizations (e.g., Stewman and Konda 1983); more recently social capital and social networks (e.g., Podolny and Baron 1997; Seibert, Kraimer, and Liden 2001). Studies of advancement into CEO roles occupied a separate niche where the attributes of individuals were more important (e.g., Thorton and Ocasio 1999).  
These studies of advancement within organizations added considerably to our understanding of the factors that shaped advancement inside organizations.  In terms of explaining career advancement across the economy as a whole, though, they are less useful, other than the implicit argument that some individuals happen to be in organizations more favorable for advancement than others (Briggs, Jaramillo, and Weeks 2012 investigate why individuals may be sorted or selected into organizations with different internal labor markets).  
Studies that consider career advancement more broadly must now include movement across organizations as well, which shifts the analysis to include the labor market. Because it is difficult to consider the effects of employers on each employee in the labor market, questions about career advancement in the broader society as a practical matter shift explanations from the organizational level of analysis back to the individual level. These explanations about individual experiences have been most common, not surprisingly, in economics where the unit of analysis has long been at the individual level.  
The goal in these studies has been to explain the wage growth of individuals rather than advancement based on job titles.  Human capital is the dominant explanation in this context, the notion that employees earn more when they acquire more of it.  Skills are acquired through a conscious decision either by the individual or the employer to pay for them in anticipation of a return in the form of higher productivity and/or higher wages for the individual (see Becker 1964 and Willis 1987 for classic overviews).  Why some individuals secure those skills and others do not is explained mainly by differences in ability and access to capital.  Training of various kinds, including on-the-job experiences, also counts as human capital.  Skills acquired at work, either through formal training or on-the-job learning, are the common explanation as to why wages tend to rise with tenure.   
Related explanations of advancement use the notion of learning in a different way, in the form of job search, where individuals search and eventually find jobs whose requirements are better matches for their human capital (see Manroop and Richardson 2016 for a cross-discipline review).  The search explanation should only explain a modest amount of career advancement, though, as it typically focuses at one point in time when the human capital of the searchers is constant. Especially in economics, the matching idea assumes that incumbents in jobs have the skills necessary to meet job requirements. More controversial, as noted below, is the reverse attribution, that job requirements can be proxied by the skills of the individuals in them, especially where “skill” is proxied by education.  
Investigations that consider organization-level factors that examine career advancement in the broader labor market focus on changes in general practices, such as corporate restructuring (e.g., Fligstein 1991) or patterns of business creation and destruction e.g., Haverman and Cohen 1994) as opposed to attempting to explain patterns of career advancement per se.  As Bidwell and Briscoe (2010) note, little has been done to examine skill development and career movements from this perspective when individuals move across organizations.  More generally, interest in career advancement appears to have declined.  A search of the Sociological Abstracts database of publications under the subject heading of “career advancement” finds only 50 publications since 1976, and 70 percent of those focus on quantifying gender differences in overall advancement as opposed to explaining patterns of advancement. 
There is an extensive body of research in organizational psychology on attributes of individuals that affect their movement across jobs, especially since Shein (1978). Some of it measures career advancement based on the satisfaction of individuals with their position; more use objective measures, including wages, relying on psychological states and values as the drivers, such as motivation to advance or personality types (see Ng, Eby, Sorensen, and Feldman 2005 and Thanou 1997 for a review).  How much of the variation in career advancement across the economy can be explained with these measures is difficult to say because the measures behind them, such as personality assessments, are difficult to find in large, representative datasets of the population.
Theory of Cumulative Advantage: Arguably the most useful explanation and certainly the broadest as to why some individuals advance in the labor market and in society, not just in organizations,  is the theory of cumulative advantage. It is also known as “the Matthew Effect,” from the biblical parable that more is given to those who already have.  Operationally, the notion is that initial advantages give one access to greater advantages at later stages, which in turn drives achievement and advancement (Merton 1973; 1988).  
The first studies of cumulative advantage by Merton were in the professoriate where those who already had strong reputations were given disproportionate credit for contributions made with less famous colleagues.  Arguably the best-known examples of cumulative advantage are in education, beginning with learning, where students who came to school ahead of their peers in terms of academic knowledge and abilities (e.g., those who already know how to read or who have higher IQ’s) were found to be sorted into situations that provided them with greater opportunities to learn more and do so faster (Stanovich 1986).  Among the most sophisticated of the attempts to apply the notion of cumulative advantage to career advancement is Allison et al. (1982), which applied the concept to the career advancement of scientists.  
Implicit in hypotheses of cumulative advantage is the notion that access to resources is not equal across individuals and that there is something of a competition for career advancement across individuals in the workplace (See Zuckerman 1988 and DiPrete and Eirich 2006 for reviews). 	Comment by Yang, Yang: This paragraph is similar to the one mentioned before, it has only one sentence. 
As DiPrete and Eirich (2006) note, there are different interpretations as to how cumulative advantage is defined.  The “strict” view requires that the advantage associated with an initial resource actually increase over time, a mechanism that would help explain growing social inequality; the weaker view, attributed to Blau and Duncan (1967), is less restrictive and is consistent with situations where initial resources have both direct effects (e.g., students with more ability learn to read faster) and indirect effects (e.g., students with more ability are given more resources that help them learn faster).  
Part of the appeal of the cumulative advantage notion is its generalizability across a wide range of contexts.  A caveat to its usefulness is in that it does not always identify the mechanism through which the advantage operates in part because many mechanisms are typically involved.  For example, the hypothesis that students of more famous faculty have greater career success contains many potential causal arrows: are the students more able initially, do they learn more from more famous faculty, is access to resources better, and so forth).  Sorting them all out and allocating importance to each is extremely difficult.  More generally, the idea that those who have succeeded already are more likely to succeed in other endeavors is consistent with a range of other explanations, such as confirmation bias along the lines of a halo effect (Thorndike 1920) or a matching story associated with synergies (i.e., those who demonstrate ability are more likely matched with resources that make use of that ability).  Because cumulative advantage arguments typically do not sort out all these possible channels, it may be more accurate to think of them as statements about association, something that simplifies estimation considerably.  It is also possible that the mechanisms of advancement associated with a given resource may shift over the course of one’s career.  Initial ability, for example, might lead to initial achievement, which is reinforced in ways that increase motivation, which leads to further success and matches with higher-status institutions, the affiliation with which leads to advancement in the next stage, and so forth.
A central attribute of cumulative advantage is that the resource of interest in the first period is different than the advantage it secures in the second.  In other words, it is not about a simple head start, e.g., that children who have above average reading proficiency entering grade one will have above average proficiency at the end of grade one.  It is that the initial advantage leads to a different treatment in the next period that, in turn, pushes achievement beyond what one would anticipate based solely on the initial advantage. 
The null hypothesis for cumulative advantage across periods is arguably regression to the mean: Individuals whose performance is above average in one period, other things equal, are likely to perform below average in the next period. In that case, we might expect to see initial advantages dissipate and reverse over time. 
In the arguments that follow, we adapt the Blau and Duncan (1967) version of cumulative advantage to examine the role that the initial resources individuals have before entering the labor force play in advancing their careers but we also examine the strict form of increasing effects..  
As Merton (1987) also noted, it is fundamental to establish what the phenomenon we are studying really is before jumping ahead to try to explain it. In the context of careers, that phenomenon is the movement of individuals across jobs.  Even when we focus on regular, full-time jobs, we have very little information about what careers look like now, especially when we include the effects of movement across employers (exceptions include Bidwell and Mollick 2015; Bidwell et al 2015).  To the extent that there have been efforts to identify the patterns that define careers, they have been mainly negative, suggesting that the old patterns no longer apply (Osterman 1996; Cappelli 1996) or normative arguments about what is implied by the old order changing (e.g., Arthur and Rousseau 1996).  We turn next to the question of identifying and measuring the job changes that constitute career advancement. 
Measuring Career Outcomes
Career advancement requires a criteria to measure it.  We use a criterion that has been used extensively for related questions, albeit not in this context, and that is the skill requirements of jobs.  We measure the movement of individuals across jobs, the phenomenon that defines a career, in terms of changes in the requirements of the jobs individuals hold. 
Skill requirements are important in their own right, of course. Potential changes in them are one of the central features behind current debates as to whether there are “skill gaps” not only in the US but elsewhere (Cappelli 2015); they increasingly are used to shape curricula in post-secondary institutions; they feature prominently in debates about pay fairness, including required reporting by employers on pay differences by jobs with equal skill requirements (White House 2016). 
Job requirements have traditionally been defined around the idea of skill. The word “skill” comes from the Old English word for discernment (Oxford 2016), but contemporary definitions focus on having the attributes that allow one to perform a task.  
Many of the best-known studies related to skills have typically relied on indirect proxies to measure skill, especially in economics where the education level of incumbent employees is used to measure job requirements.  Perhaps the best example of this is the notion of skill-biased technological change (Tinbergen 1974), which suggests that new technologies require more skilled workers and that, over time, the continual introduction of new technology leads to ever higher demand for more skills. Katz and Murphy (1992) produced evidence consistent with the Tinbergen view by looking at the college wage premium (measured relative to the wages of high school graduates) over time.  Many of the arguments about rising wage inequality in the US are based on the assumption of skill-biased technological change increasing the returns to education per se (e.g., Goldin and Katz 2008). 
Securing direct measures of actual work-related skills possessed by individuals is difficult in part because skills are often job and context-specific, so the measures would need to be as well.  Researchers trying to measure skills across contexts typically fall back on using academic skills, such as with the recent PIAAC skills study conducted by the OECD, which relies heavily on measures of reading and math proficiency (OECD 2016).  The availability of data on education levels has certainly made that measure popular, but most observers of the workplace would suggest that the education levels of individuals are at best a limited proxy for the skills actually needed to perform jobs. Liu and Grusky (2013) offer a trenchant critique of the problems associated with using the education of incumbents to measure job requirements. 
By far the most systematic discussion of job requirements comes from the field of industrial/organizational (I/O) psychology where long-standing efforts to identify both the types of skill and the extent of skill have been at the foundation of employee management practices, such as selection and training programs (e.g., identifying skills that need to be hired and developed), and compensation systems (e.g., making certain that pay differences are in line with skill differences).  Scientific management and an industrial engineering approach to the design of jobs is also based on having rigorous definitions and measures of job requirements.

The practice of human resources could arguably be said to begin with job analysis (Wilson 2007), which is the process of identifying the tasks that are performed in a proposed job and from that building out statements of job requirements that individuals who would hold those jobs would be expected to perform.  It has a long history that dates to the early 1900s (see Zerga 1943) and to the beginnings of both contemporary industrial engineering and industrial/organizational psychology.   The techniques used to identify those requirements include direct observation by experts for existing jobs as well as interviews with incumbents in those jobs.  Systems for conducting that analysis include the Position Analysis Questionnaire, which outlines a classification system for making judgments about job requirements (Brannick, Levine, Morgeson 2007). 
Job requirements define and then create jobs.  From there, they are used to drive the hiring process: on the employee side of the search process, job requirements are what potential candidates see.  They also are at the heart of traditional compensation decisions, especially the practice of “job evaluation,” which attempts to address fairness and related issues in the relative pay of jobs in the same organization (see Gupta and Jenkins 1991). Job requirements also drive training and development practices where the goal is to raise employee abilities to match the requirements of jobs.  They also inform performance management by establishing the tasks employees must perform in their jobs.  
There are a variety of ways in which job analyses can be conducted (see Brannick and Levine 2002 for examples), but the taxonomy that underpins most of them differentiates “knowledge” (a body of information relevant to a job, the attribute most associated with traditional education), from “skills” (psycho-motor behaviors associated with performing specific job tasks), and from “abilities” (dispositions like intelligence) or KSA’s.  While there are issues as to how the distinctions among these three attributes are in practice operationalized, there is little doubt that they reflect separate and important concepts.  Many job seekers encounter the KSA framework because applications for jobs in the Federal Government continue to require job seekers to outline their attributes using the KSA framework.[footnoteRef:1]   [1:  See http://govcentral.monster.com/benefits/articles/7413-the-importance-of-ksas-knowledge-skills-and-abilities-in-the-federal-application-process] 

The U.S. Department of Labor’s Dictionary of Occupational Titles (DOT) established job requirements in the economy using the KSA framework by having trained experts conduct job analyses on benchmark job titles.  Its successor beginning in 1998 and the most wide-ranging use of the KSA framework now is with the US Department of Labor’s online Occupational Information Network or O*NET database (see Tippins and Hilton 2010 for an overview).  

The information in O*NET about the requirements of jobs began with a random sample of businesses expected to employ workers in benchmarked occupations.  Then a random sample of workers in those occupations was selected from within those businesses to have their jobs analyzed by experts.  The information they obtained about the job requirements of those occupations formed the basis of the O*NET.  That information has been updated continually for each occupation by collecting new data from surveyed workers asking about their jobs using standard job analysis questionnaires. O*NET uses its own taxonomy of 974 occupations that is derived from the Standard Occupational Classification.  The O*NET Content Model is based on the KSA taxonomy, which it expands to six domains and 277 standard descriptors.  In addition to identifying the type and level of knowledge, skill, and ability required for jobs, the O*NET also establishes the importance of the KSA requirements to each job.  

Using the O*NET to establish the skill requirements associated with a particular job title is straightforward:  Identify the job in question, match it to the O*NET, and then identify the KSA’s required for that job. (Handel 2016 reviews the attributes of the O*NET data in detail.)

The outline above suggests some of the reasons why using job requirements as a measure of career advancement is appropriate.  First, job requirements are used to build the hierarchies inside organizations that reflect authority and responsibility.  Second, job requirements are used to establish human resource structures, and the extent to which they represent knowledge and skills that are produced by investments, they reflect human capital arguments.  Third, we know from research in psychology that jobs with greater skill requirements contribute to positive psychological outcomes, such as autonomy (Loher et al 1985; Arnold 1995).  Finally, K,S,A levels are associated with more desirable jobs – higher wages and greater prestige (Handel 2016). 

Research Using KSA’s and O*NET: The research associated with the KSA framework and the O*NET in particular is extensive.  Among the studies related to the O*NET taxonomy are Converse et al. (2004), which found, not surprisingly, that it was better at matching people to occupations than to jobs that are more specific to organizations; Walmsley, Natali, and Campbell (2012) examined the validity of incumbent data on the requirements of jobs in the O*Net data to that from analysts; Converse and Oswald (2004) looked more broadly at how the choice of ability measures affects how jobs are grouped into clusters.  Atkins (2012) describes how employers can use such data to structure careers for employees, and Hedge, Borman, and Bourne (2006) show how the US Navy uses a similar framework to create job structures and paths of advancement through them.
While the skills individuals possess are undoubtedly broader than the requirements of the jobs they hold, there are nevertheless good reasons for thinking that the job requirements we assess represent at least the minimum level of skill an incumbent in those jobs possesses, the key assumption behind both fit arguments in psychology and sociology and matching arguments in labor economics.  The reason for that is because of the costs to an employer if that was not the case: an employee who is underqualified, other things equal, performs the job poorly and in doing so can create knock-on problems for the employer as the underperformance spills over to other aspects of business.  
The most studied question related to skill in the labor market has been whether average skill requirements in the labor market as a whole have been rising or falling.  This literature is relevant here in part because the measures of skill and the techniques used to examine them are similar.  
The literature on this topic and on topics directly associated with it goes back generations, and only a subset of it can be presented here.  Contemporary studies first compared editions of the Dictionary of Occupational Titles, the precursor to the O*NET, to see how the requirements of those jobs were changing (e.g., Spenner 1983).  More generally, the debates on what has been happening to skill requirements range from visions on the one hand that employers are relentlessly driving skill requirements down (e.g., Braverman 1974; Attewell 1987) to the equally dramatic contention of the skill-biased technological change idea that such requirements are inexorably rising. Autor, Levy, and Murnane (2003) assert that information technology systems are increasing non-routine, higher-skill tasks while reducing lower-skill, non-routine tasks.  A recent survey of the literature as to whether there is a necessary direction to trends in overall skill requirements also by the National Academy of Sciences suggests the answer is probably no.  While there appear to have been modest increases in skill requirements overall, the choices as to how technology are introduced and jobs are designed appears to be the main factor determining whether job requirements change (Hilton 2005).  
Liu and Grusky (2013), in a study with a method very similar to ours, use a sample of jobs from the Current Population Survey (CPS) in the 1970s and again to a contemporary sample to examine changes in job requirements associated with the hypothesized “third revolution” put forward by some advocates of the skill-biased technological change idea. They find statistically significant but modest increases in some skill requirements over the past decades.
A smaller set of studies use skill requirements as independent variables, typically to explain wage outcomes.   O’Shaugnessy, Levine, and Cappelli (2001) use a proprietary measure of skill requirements and find that changes in the returns to the measure of skill there explain the growing wage inequality within firms; Sackett and Rotundo (2004) also use a different, proprietary skill measure to look at skill wage premiums and find that the general factor (“G”) in intelligence is associated with most of the return to skill.  Spitz-Oener (2006) examines changing skill requirements within Germany with a data set measuring skill and education requirements.  Hirsch (2005) concludes that differences in skill explain much of the wage differences between full and part-time work. Van Zanden (2009) uses a measure of the wage premium associated with skill to explain the historical pattern of GDP growth between west and eastern countries over the past 500 years. Levenson and Zoghi (2010) use the Federal Government’s skill taxonomy for its own employees, compares it to occupational classifications, and finds the latter introduces bias as a measure used to explain wages.
An important conclusion from the literature is that while there is a very detailed and primarily normative literature on how skill requirements should shape the structure of jobs and related outcomes on the one hand and a much more abstract and more conceptual literature at the economy level associated with describing changes in average skill levels on the other, there is very little in between.  That includes questions about what happens to skill requirements for individuals over the course of their career.  
An additional factor affecting job requirements beside skill level is the level of importance or responsibility associated with those skills.  The abilities required for machinist work (e.g., precise hand-eye coordination), for example, may be similar to those required for neurosurgery, but the consequences of the latter are much greater and contribute to the fact that we see surgeon as a more important job than machinist.  The importance of job tasks is a component of the job analysis process, and the O*Net system generates estimates of importance for the KSA’s associated with each job.
Data and Hypotheses:
We use data on the jobs that individuals hold from the Baccalaureate & Beyond Longitudinal Study (B&B) conducted by the US Department of Education’s National Center for Education Statistics to examine career advancement.  The study collected information from a sample of students who received a bachelor’s degree during the 1992–1993 academic year and follows them for 10 years.  The sampling frame was drawn from a survey of post-secondary institutions, the National Postsecondary Student Aid Survey, and was weighted to reflect the population of all such graduates in that year to create a sample that was representative of all four-year college graduates.  
Extensive information was collected from the students initially about their backgrounds, their families, and their academic and related experiences before they graduated. Among other things, the data provide good measures of attributes that exist before college, such as intellectual ability and family background, that can be used to examine cumulative advantage arguments. 
The study contacted them again in 1994, 1997, and 2003, this time collecting information about their work experiences and their life.  The data allow for detailed identification of jobs performed, as opposed to broad occupational classes. The 1992-1993 data had 11810 respondents; the 2003 resurvey contained 10440.  We discuss survivor bias below.  The response rate for each wave of the survey was roughly 90 percent.  NCES replenished some of the sample in each wave with subjects identified in the original data collection exercise, but the number of individuals who completed all three waves was still less than the number in 2003.[footnoteRef:2] [2:  A detailed description of the sampling methodology and outcomes is provided in NCES Chapter 2 (2005).  Use of the B&B data is restricted by NCES and requires a site license. 
] 


We match the information about the jobs respondents held to the O*NET to generate the skill requirements of jobs as proxied by their respective KSA’s. We then examine changes in the KSA’s of the jobs held by the respondents from 1994 to 2003.  The matches were made by hand-coding the respondent’s reported job title to the appropriate O*NET entry.  1350 distinct titles were contained in the text box, and these were mapped onto 550 O*NET categories.  Two raters established the criteria for assignment and had 97% agreement on the subsequent matches.  The data here are representative of the experience of college graduates over this period, and the jobs they held should be representative of the population of college grad jobs over the same period.  

Among the general questions we might be able to address with descriptive results is simply whether the general view of careers is true, that individuals on average advance into jobs that require more skills, broadly defined, and that have more responsibility.  We can also see how the requirements for knowledge, which proxy classroom-based learning, change for individuals over the course of their career and whether increased job requirements might drive a need for continuing education or “lifelong learning.”  Given the attention devoted to STEM skills (which map onto the “knowledge” dimension) in the world of policy, does the need to for those skills rise over time?  We can address a similar question about workplace skills, which reflect experience-based learning.  It is less clear what to expect about how the demand for abilities changes over time. 

Table 1 shows mean scores for the level and importance of K, S, and A for the jobs held by the sample of respondents in 1994, 1997, and 2003.  The results show that overall, requirements increased over time for the respondents in the study, both the amount of the respective attributes and their importance to the job.  T-tests indicate that the increases from 1994 to 2003 are statistically significant, but the magnitude of the increases is often quite small: the level of abilities in the average jobs held by incumbents increases only one percent after nine years, and the increase in the importance of abilities is even smaller.  The largest increase appears to be for knowledge – the attribute most associated with education – at eight percent.  The increase in the levels of KSA’s is typically greater than the increase in their importance. 
To illustrate the practical difference in mean scores, the skill “speaking,” one of several under the broader “Knowledge” heading gets a score of 70 points for lawyers versus 50 for paralegals, the difference is driven by the fact that a lawyer’s job has public speaking requirements arguing cases that paralegal jobs do not have (see https://www.onetonline.org/help/online/scales).  Given that the first nine years at the beginning of one’s career are typically thought to be a time when individuals learn a great deal, the magnitude of the increases seems modest.  

Table 1: Descriptive Statistics
	
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Level of Abilities
	104.69
	20.02
	8359
	105.52
	19.58
	9505
	106.08
	18.19
	8585

	Importance of Abilities
	122.23
	11.96
	8359
	122.42
	11.69
	9505
	123.20
	11.07
	8585

	Level of Knowledge
	68.08
	17.52
	8359
	72.27
	17.19
	9505
	73.58
	14.63
	8585

	Importance of Knowledge
	73.98
	9.17
	8359
	75.92
	9.06
	9505
	76.81
	8.18
	8585

	Level of Skills
	84.66
	16.94
	8359
	88.75
	15.85
	9505
	91.18
	14.56
	8585

	Importance of Skills
	91.35
	9.27
	8359
	93.48
	8.47
	9505
	95.51
	7.87
	8585



t-test
	
	Difference
	T
	p  value

	AbilityLevel 2003-1994
	1.39
	4.74
	.000

	AbilityImportance 2003-1994
	.98
	5.52
	.000

	KnowledgeLevel 2003-1994
	5.50
	22.19
	.000

	KnowledgeImportance 2003-1994
	2.83
	21.23
	.000

	SkillLevel 2003-1994
	6.52
	26.91
	.000

	SkillImportance 2003-1994
	4.16
	31.54
	.000



In the Appendix, we examine these overall changes in more detail, looking at the subcategories within “knowledge,” “skill”, and “ability.”  Not surprisingly, the changes within some subcomponents of each category are more dramatic than the changes in the overall measure.  For example, both the level and the importance of communication knowledge decrease between year three (1997) and year nine (2003) of the careers of these respondents. Both the level and the importance of psychomotor abilities also decrease as does the level and the importance of physical abilities. The only “ability” that becomes more important over time is cognitive ability.  Given that our sampling frame is college grads, the vast majority of whom pursue white collar jobs, psychomotor and physical abilities should not be important for advancement.  For that reason, we examine only cognitive ability in the results that follow.  (Analyses including the full set of abilities are available on request.) 
The skill showing the greatest increase both in level and importance is “basic” skills (e.g., learning, listening, and so forth) that facilitates learning. Among the subcategories of “knowledge,” the subcomponent “engineering and technical” that is most associated with STEM (science, technology engineering, and math) shows virtually no increase over the period, although the separate category of “science” shows a larger increase. “Business” and “social science” have the largest rise; “communications” the lowest.  
Table 1a shows correlations for the combined K.S.A. score and some relevant outcomes.  It is perhaps not surprising that level and importance are highly correlated and that the combined K.S.A. scores over the three periods are strongly related.  
As a robustness check on the importance of the K.S.A. scores, we relate them to the income reported by the respondents in the year 2003 and to measures of occupational prestige for the job they hold.  In particular, K.S.A. scores in 2003 are related to the respondent’s salary and to occupational prestige in 2003, more so for prestige than salary. To put these correlations in some perspective, salary and occupational prestige, measures that we typically think of as closely related, are only correlated at 0.08 level.  The KSA’s scores for individual jobs are important in their own right, but these results contribute to the relevance of the scores.  We also relate changes in K.S.A.’s over the 1994-2003 period to changes in income and occupational prestige over the same period and find similar relationships, although these are more modest.   
Table 1a: Correlations 
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1. KSALV94
	1.00
	
	
	
	
	
	
	
	
	
	
	

	2. KSAIM94
	.95
	1.00
	
	
	
	
	
	
	
	
	
	

	3. KSALV97
	.49
	.47
	1.00
	
	
	
	
	
	
	
	
	

	4. KSAIM97
	.47
	.49
	.95
	1.00
	
	
	
	
	
	
	
	

	5. KSALV03
	.40
	.36
	.47
	.43
	1.00
	
	
	
	
	
	
	

	6. KSAIM03
	.36
	.38
	.44
	.48
	.90
	1.00
	
	
	
	
	
	

	7. diffKSALV
	-.65
	-.63
	-.09
	-.10
	.44
	.40
	1.00
	
	
	
	
	

	8. diffKSAIM
	-.60
	-.63
	-.08
	-.06
	.42
	.48
	.93
	1.00
	
	
	
	

	9. occprstg03
	.14
	.16
	.17
	.19
	.29
	.34
	.10
	.13
	1.00
	
	
	

	10. lnsal03
	.12
	.05
	.13
	.05
	.23
	.09
	.07
	.03
	.08
	1.00
	
	

	11. Diffoccprstg03
	-.033
	-.03
	-.13
	-.10
	.12
	.12
	.13
	.12
	.47
	.01
	1.00
	

	12. Difflnsal03
	-.05
	-.06
	-.08
	-.08
	.06
	.03
	.10
	.08
	.08
	.55
	.07
	1.00

	N (Listwise)
	4945
	
	
	
	
	
	
	
	
	
	
	


Correlations >.033 are significant at .05 level; correlations >.05 are significant at .001 level.  “LV”=level; “IM”=importance; “diff” = difference in scores between 1994 and 2003; lnsal=log of annual salary; occprstg = occupational prestige

Next we turn to our analyses using the theory of cumulative advantage.  As noted above, the theory is somewhat agnostic as to the actual mechanisms through which initial advantage transmits future advantage.  Cumulative advantage arguments have been a mix of relationships between resources and subsequent advantages that could be seen as functional, such as ability shaping initial academic success, and not functional, such as social status shaping labor market outcomes.  Functional arguments may also be consistent with other explanations of advancement, such as human capital theories, tournament-based promotion systems (where succeeding at first is necessary to be eligible to participate at higher levels), innate ability, and so forth.  
While appreciating the goal of moving from general explanations of cumulative advantage down to the specific mechanisms through which it occurs, we do not suggest that it is possible to sort out those mechanisms here.  We look at what have been some of the most common resources thought to drive advantage: cognitive ability captured before entering the labor market, academic achievement, and two types of social advantage – family income and social status of the respondent’s college. We do so using a consistent estimation format.  What we cannot address in an adequate way is concerns about omitted variables that are central to identifying the different mechanisms along the path of advancement.
We begin with simple OLS regressions estimating the KSA scores for the jobs our respondents held at different points in their career.  Our understanding is that the KSA scales used are designed to be linear and consistent across the categories of K,S,& A as well as over time (i.e., one additional point has the same meaning at each point on the scale and is roughly equivalent across K,S, an A scales).  That makes the coefficients easier to compare.  The descriptive analyses above suggest the unimportance of ability attributes associated with physical abilities, which seems understandable for the white collar jobs pursued by college graduates.  For that reason, we restrict the analyses below to the cognitive dimension of abilities, something often thought to be important to career advancement.  Results including the full set of ability dimensions are available on request. 
Given the general nature of cumulative advantage arguments, precisely what should be included in a base-rate model is not straight-forward.  We control for factors that are thought to matter in a range of labor market contexts:  race and gender, a simple control for industry (manufacturing vs. other), and age at graduation to address the fact that some individuals are already working when they complete college so that the stage of career they are in when surveyed is different.  A unique measure we include is the self-reported assessment as to whether the respondent’s job was associated with their major.  The notion here is to capture jobs that have stronger academic job requirements, such as nursing or engineering.  
We examine the three different ways in which cumulative advantage might be manifest, borrowing from the prior literature.  The first is initial advantage, to what extent do resources one has before college contribute to securing jobs with greater requirements.  The second is whether those resources continue to contribute to holding jobs with greater requirements in later periods.  We can examine jobs in 1997, but we report only results for 2003 first because many respondents have not changed jobs in the three years from 1994 to 1997, which limits the ability to explore differences and second because the hypotheses are the same for 1997 and 2003.  Results for 1997 are available on request.  Finally, we examine whether these resources lead to increasing advantage with job requirements over time, the strict definition of cumulative advantage. 
We explore these different aspects of cumulative advantage with four different types of initial resources.  The first is cognitive ability, something that is at least in part dispositional and, most observers would argue, functional in the labor market.  We measure that with respondent’s SAT scores taken before entering college.  The second is academic achievement as measured by the respondent’s grade point averages.  Academic achievement is thought to be driven by ability and effort.  We control for ability in the form of SAT scores in order to learn about the relationship between effort and job responsibilities.  The third factor we consider is the socio-economic status of one’s family as measured by their reported family income.  This measure is outside the control of the respondent although there are multiple ways in which it may influence the nature of the jobs one holds.  A related measure is the prestige of the college the respondent attended based on the US News ranking from 1983. The respective hypotheses are outlined in the chart below (Figure 1) and developed in the next section:  
Figure 1: Hypotheses Explaining Jobs with Greater Skill Requirements

	
	Initial Advantage
	Continuing Advantage
	Increasing Advantage

	Ability
	H:1a
	H:2a
	H:3a

	Socio-Economic Status
	H:1b
	H:2b
	H:3b

	Social Status
	H:1c
	H:2c
	H:3c

	Achievement
	H:1d
	H:2d
	H:3d



Results begin with our baseline model, which includes control variables and KSA measures as outcomes estimated for each of the three years.  This is a repeated cross-sectional analysis.
Table 2: OLS Results Relating Control Variables to KSA’s by Year

	IVs
	DV: 1994 Knowledge Level
	DV: 1997 Knowledge Level
	DV: 2003 Knowledge Level

	Constant
	54.04***(1.09)
	65.59***(1.13)
	68.79***(1.07)

	White
	  2.03*** (.52)
	  1.83**    (.54)
	  2.07***  (.51)

	Female
	 -2.24*** (.38)
	 -1.57***  (.39)
	 -2.41***  (.37)

	Age when getting a BA degree
	    .07*     (.03)
	    .04        (.03)
	    .03        (.03)

	Job related to major (1994 job) 
	  6.52*** (.23)
	  3.52***  (.23)
	  1.89***  (.22)

	For profit sector (=1)
	-6.09*** (.42)
	 -5.89***  (.44)
	 -1.75***  (.41)

	Manufacturing and trade industry 1994 (=1)
	 3.78*** (.50)
	  3.06***  (.52)
	    .60*** (1.07)

	Adjusted R square
	   .16
	    .07
	    .03

	N
	7800
	7621
	6703



	IVs
	DV: 1994 Skill Level
	DV: 1997 Skill Level
	DV: 2003 Skill Level

	Constant
	68.5***(1.07)
	80.80***(1.06)
	87.83***(1.05)

	White
	    .26      (.51)
	   -.04        (.50)
	    .67        (.50)

	Female
	-4.28*** (.37)
	 -4.78***  (.37)
	 -5.98*** (.36)

	Age when getting a BA degree
	   .11*** (.03)
	    .07*      (.03)
	    .01        (.03)

	Job related to major (1994 job) 
	  6.22***(.22)
	  3.37***  (.22)
	  1.94*** (.22)

	For profit sector (=1)
	    .31      (.41)
	    .81*      (.41)
	  1.75*** (.40)

	Manufacturing and trade industry 1994 (=1)
	  6.55***(.49)
	  4.51***  (.48)
	  2.73*** (.48)

	Adjusted R square
	    .14
	    .07
	   .07

	N
	7800
	7621
	6703




	IVs
	DV: 1994 Cognitive Ability Level
	DV: 2003 Cognitive Ability Level

	Constant
	  53.91***(.56)
	65.28***(.52)

	White
	      .15      (.26)
	    .51*    (.25)

	Female
	   -1.63***(.19)
	 -1.93***(.18)

	Age when getting a BA degree
	      .06***(.01)
	    .004     (.01)

	Job related to major (1994 job) 
	    3.9***  (.12)
	  1.12*** (.11)

	For profit sector (=1)
	      .13      (.22)
	    .20       (.20)

	Manufacturing and trade industry 1994 (=1)
	    2.06***(.25)
	    .28       (.24)

	Adjusted R square
	      .15
	    .03

	N
	7800
	6703



	IVs
	DV: 1994 Knowledge Importance
	DV: 2003 Knowledge Importance

	Constant
	66.58***(.57)
	73.68***(.59)

	White
	  1.15***(.27)
	  1.28***(.29)

	Female
	   -.30      (.20)
	   -.02      (.20)

	Age when getting a BA degree
	    .06***(.02)
	    .04*    (.02)

	Job related to major (1994 job) 
	  3.18***(.12)
	  1.03***(.12)

	For profit sector (=1)
	 -3.7**   (.22)
	-2.15***(.23)

	Manufacturing and trade industry 1994 (=1)
	    .81** (.26)
	  -.34      (.27)

	Adjusted R square
	    .17
	   .04

	N
	7800
	6703



	IVs
	DV: 1994 Skill Importance
	DV: 2003 Skill Importance

	Constant
	83.46***(.59)
	93.97***(.57)

	White
	    .31      (.28)
	    .61*    (.28)

	Female
	-1.64*** (.20)
	 -2.41***(.20)

	Age when getting a BA degree
	   .07*** (.02)
	     .004   (.02)

	Job related to major (1994 job) 
	 3.21*** (.12)
	  1.08***(.12)

	For profit sector (=1)
	-1.53*** (.23)
	  -.46*     (.22)

	Manufacturing and trade industry 1994 (=1)
	 2.74*** (.27)
	    .63*    (.26)

	Adjusted R square
	   .12
	    .04

	N
	7800
	6703



	IVs
	DV: 1994 Cognitive Ability Importance
	DV: 2003 Cognitive Ability Importance 

	Constant
	59.24***(.33)
	66.01***(.32)

	White
	    .14      (.16)
	    .41**  (.16)

	Female
	   -.26*    (.11)
	   -.28*    (.11)

	Age when getting a BA degree
	    .03***(.01)
	   -.01      (.01)

	Job related to major (1994 job) 
	  2.11***(.07)
	    .67***(.07)

	For profit sector (=1)
	 -1.0***  (.13)
	 -1.09***(.12)

	Manufacturing and trade industry 1994 (=1)
	    .65***(.15)
	   -.44**  (.15)

	Adjusted R square
	    .15
	    .04

	N
	7800
	6703



Relationships with the control variables are as one might expect: Older individuals have more experience in the labor market and therefore, other things equal, hold jobs with greater requirements.  Women and non-whites consistently hold jobs with lower requirements, a pattern one sees in wage regressions.  The relationships are in the same direction for K.S.& A. components and hold both for the level of K.S.A.’s and for their importance. Having a job related to one’s college major is related to every measure of KSA’s.  
We turn now to our hypotheses: 
H:1a To what extent does academic ability measured in the form of SAT scores, affect career advancement?  Does it provide an initial advantage in securing jobs with higher skill requirements?  
We consider the role of ability in career advancement using as our measure the scores of the respondents on SAT tests before they entered college.  The tests are highly correlated with cognitive ability (the SAT was derived from the US Army’s IQ test) and reasoning skills, which is in part learned. (See Pascarella and Terenzini 2005 for an overview of SAT/ACT in the college context.)  The OLS regressions include all the control variables above and add SAT scores as the independent variable.
The notion that cognitive ability is related to job performance, which in turn relates to advancement, is especially commonplace in industrial/organizational psychology, although how strong the relationship is has been the subject of considerable debate (see Richardson and Norgate 2015 for a recent review).  Schmidt and Hunter (2004) assert that the general mental ability construct predicts advancement in occupations, close to the concern here. Similar arguments and evidence for such relationships have been made in economics (Boissiere, Knight, and Sabot 1985).
We begin by examining the relationship between SAT scores and KSA’s in the respondent’s first job in the data, in 1994.  
To save space, the results in Table 3 report only the SAT coefficient outcomes and do so for six separate estimates.  Higher SAT scores are positively related to the level of knowledge and skill that respondents had in their 1994 job and negatively related to the level and importance of ability required in that job. Because there are many channels through which the relationship with SAT’s could play out, the results here are effectively reduced form estimates. They show extensive relationships between the KSA’s of jobs required and SAT scores from tests taken before college:

Table 3: Summary of OLS Results Relating SAT’s to KSA’s In First Job
	DV
	IV: SAT
	Adjusted R square
	N

	1994 Knowledge Level
	 .82***(.19)
	.16
	6367

	1994 Knowledge Importance
	 .18+    (.10)
	.16
	6367

	1994 Skill Level
	 .76***(.19)
	.14
	6367

	1994 Skill Importance
	 .18+    (.10)
	.12
	6367

	1994 Cognitive Ability Level 
	 .48***(.10)
	.16
	6367

	1994 Cognitive Ability Importance 
	 .17**  (.06)
	.14
	6367


Note. The results shown above include all controls in the equations. +p<.10 *p<.05 **p<.01 ***p<.001

H:2a Does academic ability provide a source of continuing advantage in securing jobs later on that have higher skill requirements? 
Here the analysis adds controls for KSA levels in the first job (1994) to see whether SAT scores continue to provide an additional advantage in subsequent jobs beyond the influence they may have through the first job.  (In other words, the “Knowledge Level” equations for 1997 and 2003 include the knowledge level score for the 1994 job.)
Results for the K.S.A. level in 1994 not reported show that they have a strong and positive effect on subsequent jobs, a finding that is not surprising, but it does reinforce the importance of understanding the patterns among the sequence of jobs, which defines careers.  The results in Table 4 for SAT’s are similar to those for initial advantage and are strongest and larger for 2003.  One reason could simply be because more time has elapsed, which allows for more respondents to change jobs. 
SAT scores have an effect on the skill levels of the jobs respondents held in 1997 and knowledge and skill levels as well as skill importance in 2003, in addition to any effects they had through the initial job in 1994.    
Table 4: OLS Results Relating SAT’s to KSA’s Controlling for Initial KSA’s
	DV
	IV: SAT
	Adjusted R square
	N

	2003
	Knowledge Level
	   .64***(.17)
	.10
	5446

	
	Knowledge Importance
	  -.03      (.10)
	.13
	5446

	
	Skill Level
	 1.16***(.17)
	.14
	5446

	
	Skill Importance
	   .35***(.10)
	.08
	5446

	
	Cognitive Ability Level 
	   .57***(.09)
	.10
	5446

	
	Cognitive Ability Importance
	   .09      (.05)
	.06
	5446


Note. The results shown above have all controls in the equations as well as K,S,&A levels in 1994.  +p<.10 *p<.05 **p<.01 ***p<.001


H:3a Does academic ability provide a source of increasing advantage in securing jobs later on that have higher skill requirements? 
We examine this relationship with fixed effects estimates that examine whether the effects of SAT scores increase by year (year is coded 1=1994, 2=1997, 3=2003). A positive coefficient on that interaction term measures whether the relationship between SAT scores and KSA’s grows over time.  These are fixed effects estimates, following the same respondent over time.  The results in Table 5 suggest that it does for Skills and the level of cognitive ability. 
Table 5: Fixed Effects OLS Results Relating SAT’s to KSA’s Over Time 
	DV
	SAT x Year
	R square within
	R square between
	R square overall
	N of observations

	Knowledge Level
	  .21     (.13)
	.001
	.94
	.02
	21504

	Knowledge Importance
	-.002    (.07)
	.0002
	.97
	.02
	21504

	Skill Level
	 .48***(.12)
	.008
	.98
	.04
	21504

	Skill Importance
	 .22**  (.07)
	.002
	1.00
	.04
	21504

	Cognitive Ability Level 
	 .23***(.06)
	.008
	.98
	.04
	21054

	Cognitive Ability Importance
	 .04      (.04)
	.0005
	1.00
	.05
	21504


Note. The results shown above include SAT and Year in the equations. +p<.10 *p<.05 **p<.01 ***p<.001


H:1b To what extent does socio-economic status affect career advancement? Does family background and college status create an initial advantage in securing jobs with higher skill requirements? 
The notion that one’s family background, especially those aspects related to family financial resources, affects the life outcomes of children is well established. The relationships come through a variety of channels from better social capital to more enriched family life and educational opportunities to inheritance.  Ferrie (2005) reviews the related literature on occupational mobility across generations; Mitnik and Grusky (2015) review the specific literature on the socio-economic background of one’s family and subsequent career outcomes.  They also provide new evidence that the magnitude of the relationship between one’s income and parents income is substantial.   
In these estimates, we examine the relationship between the respondents’ family income before they enter college to the KSA’s of the job they held in 1994. Table 6 reports the relationship with the initial job respondents held in 1994.  It is significant cognitive ability and importance and barely so for skill levels.
Table 6: Summary of OLS Results Relating Family Income to KSA’s In First Job
	DV
	IV: Family Income
	Adjusted R square
	N

	1994 Knowledge Level
	  .39    (.61)
	.16
	7677

	1994 Knowledge Importance
	  .08    (.32)
	.16
	7677

	1994 Skill Level
	1.38*  (.60)
	.14
	7677

	1994 Skill Importance
	  .54    (.33)
	.12
	7677

	1994 Cognitive Ability Level
	  .99**(.31)
	.15
	7677

	1994 Cognitive Ability Importance 
	  .48**(.19)
	.15
	7677


Note. The results shown above included all controls in the equations. +p<.10 *p<.05 **p<.01 ***p<.001

H:2b Does socio-economic status provide a source of continuing advantage in securing jobs later on that have higher skill requirements? 
Here we examine whether family income and KSA’s have a continuing or marginal effect on the KSA’s held in jobs after 1994, so we control for 1994 KSA levels in the estimates. The effects reported in Table 7 are more widespread than for the initial job although why they should have an effect in 2003 and not in the first job and especially why they should have a marginal effect, controlling for 1994 levels, is surprising.  Certainly it is supportive of the notion that the influence of socio-economic status continues after college.  
Table 7: OLS Results Relating SAT’s to KSA’s Controlling for Initial KSA’s
	DV
	IV: Family Income
	Adjusted R square
	N

	2003
	Knowledge Level
	1.61**  (.57)
	.10
	6529

	
	Knowledge Importance
	  .26      (.32)
	.13
	6529

	
	Skill Level
	2.06***(.56)
	.13
	6529

	
	Skill Importance
	1.0**    (.31)
	.08
	6529

	
	Cognitive Ability Level 
	1.04***(.28)
	.10
	6529

	
	Cognitive Ability Importance
	  .37*    (.18)
	.07
	6529


Note. The results shown above include all controls in the equations and 1994 K, S, or A Level/Importance.  +p<.10 *p<.05 **p<.01 ***p<.001


H:3b Does socio-economic status provide a source of increasing advantage in securing jobs later on that have higher skill requirements? 
Table 8 reports fixed effects estimates for the relationship between family income and KSA’s in subsequent jobs to see if effects increase over time.  There is no evidence for this hypothesis.   

Table 8: Fixed Effects Results Relating Family Income to KSA’s Over Time 
	DV
	Family Income x Year
	R square within
	R square between
	R square overall
	N of observations

	Knowledge Level
	 .70+(.42)
	.0004
	.91
	.02
	25976

	Knowledge Importance
	 .18  (.22)
	.0001
	.96
	.02
	25976

	Skill Level
	 .17  (.40)
	.001
	.98
	.03
	25976

	Skill Importance
	 .20  (.22)
	.0006
	1.00
	.04
	25976

	Cognitive Ability Level
	.05(.21)
	.002
	.98
	.03
	25976

	Cognitive Ability Importance
	-.006(.12)
	.001
	1.00
	.04
	25976


Note. The results shown above include Family Income and Year in the equations. +p<.10 *p<.05 **p<.01 ***p<.001


H:1c Does social status in the form of the prestige of one’s college provide a source of initial advantage in securing jobs with higher KSA requirements?
The idea that attending a more prestigious college confers benefits in the workplace is commonplace, and there is considerable evidence to back it up (e.g., Drewer, Eide, and Ehrenberg 1999).  College quality and wage growth have been shown to be positively related from 1993 to 1997 with the B&B data set we use (Thomas and Zhang 2005).  A recent study shows that the prestige of one’s undergraduate degree continues to affect career outcomes even after graduate school and controlling for the prestige of that graduate school (Hersh 2014). 
In this section, we repeat the analyses above this time using the prestige of the college respondents graduated from as the independent variable.  Because prestigious colleges attract and then select students with greater initial academic abilities, we add an additional control variable to these estimates - the SAT score of the respondent – to control for the greater initial academic ability of students in more elite colleges.  The effects of the prestige variable is therefore more clearly a result of the college per se.    
The results in Table 9 find widespread relationships with the KSA measures.  
Table 9:  Summary of OLS Results Relating College Prestige to KSA’s In First Job
	DV
	IV: College Prestige
	Adjusted R square
	N

	1994 Knowledge Level
	1.18**  (.42)
	.16
	6352

	1994 Knowledge Importance
	  .36      (.22)
	.16
	6352

	1994 Skill Level
	1.36**  (.41)
	.14
	6352

	1994 Skill Importance
	  .58*    (.23)
	.12
	6352

	1994 Cognitive Ability Level
	  .77***(.21)
	.16
	6352

	1994 Cognitive Ability Importance
	  .30*    (.13)
	.14
	6352








Note. The results shown above had all controls in the equations and SAT scores. +p<.10 *p<.05 **p<.01 ***p<.001
H:2c Does college prestige provide a source of advantage in securing jobs that have higher skill requirements later on? 
We estimate in Table 10 the marginal effects of college prestige for subsequent jobs by adding control variables for KSA’s in 1994. The positive, marginal effects of college prestige operate across K.S.&A. levels in 2003. 
Table 10: OLS Results Relating College Prestige to KSA’s Controlling for Initial KSA’s

	DV
	IV: College Prestige
	Adjusted R square
	N

	2003
	Knowledge Level
	   .85*   (.39)
	.10
	5433

	
	Knowledge Importance
	   .06     (.21)
	.13
	5433

	
	Skill Level
	 1.13** (.38)
	.14
	5433

	
	Skill Importance
	   .30     (.21)
	.08
	5433

	
	Cognitive Ability Level
	   .65** (.19)
	.10
	5433

	
	Cognitive Ability Importance
	   .08     (.12)
	.06
	5433


Note. The results shown above include all controls and SAT scores as well as 1994 K, S, or A Level/Importance. +p<.10 *p<.05 **p<.01 ***p<.001


H:3c Does college prestige provide a source of increasing advantage 
Table 11 reports fixed effects estimates examining the relationship between college prestige and KSA outcomes over time.  Here the results suggest that the relationship does increase in its importance over time for K.S.&A. levels: 
Table 11:  Fixed Effects Results Relating College Prestige to KSA’s Over Time 
	DV
	College Prestige x Year
	R square within
	R square between
	R square overall
	N of observations

	Knowledge Level
	 .60*    (.26)
	.0006
	.92
	.02
	26390

	Knowledge Importance
	 .14      (.14)
	.0002
	.96
	.02
	26390

	Skill Level
	 .83***(.24)
	.003
	.98
	.03
	26390

	Skill Importance
	 .33*    (.13)
	.0006
	1.00
	.04
	26390

	Cognitive Ability Level 
	 .46***(.13)
	.003
	.98
	.03
	26390

	Cognitive Ability Importance
	 .10      (.07)
	.0001
	1.00
	.04
	26390


Note. The results shown above had College Prestige and Year in the equations. +p<.10 *p<.05 **p<.01 ***p<.001

Finally, we consider the role of prior achievement on advancement into roles with greater KSA demands.  We examine that in the form of success in classroom learning through cumulative grade point averages.  As with the prestige of the college one attends, ability may play a substantial role in academic achievement, so we add SAT scores to the control variables.  This measure presumably captures knowledge acquired in college, but it also may be a proxy for effort, given the usual view that achievement is a function of ability, which we control for, and effort.
H:1d Does prior achievement, in the form of academic achievement, affect career advancement? Do graduates with higher grades secure initial job with higher requirements? 
There are many reasons for thinking that better performance in college should be related to more career success.  Better grades suggest greater learning and higher levels of knowledge acquired; better grades also suggest the exercise of greater effort, which might be dispositional and continue in the workplace; more generally, given that past performance is related strongly to future performance, we might expect that success in one arena should be associated with success in another.  Chia and Miller (2008) found that academic performance in Australia was related to starting salaries. Whether those results translate to the US where there is greater variation in how grading works is not so clear.  The research in psychology examining the relationships between grades (mainly in high school) and actual job performance argues for a relationship, but it is correlational, fom 0.16 to 0.30 with various corrections (Roth et al 1996), which implies that it explains little of the variation in job performance.  More recently, Diette and Raghav (2016) find a negative relationship between college grades and salaries.
The results in Table 12 report relationships between grades and KSA’s of initial jobs in 1994.  Here the results are surprising: Academic achievement in the form of higher college grades is associated with holding initial jobs with lower skill and ability requirements. 
Table 12: Summary of OLS Results Relating College Prestige to KSA’s In First Job
	DV
	IV: GPA
	Adjusted R square
	N

	1994 Knowledge Level
	-.005    (.005)
	.16
	6182

	1994 Knowledge Importance
	-.001    (.002)
	.16
	6182

	1994 Skill Level
	-.02***(.005)
	.15
	6182

	1994 Skill Importance
	-.01***(.003)
	.12
	6182

	1994 Cognitive Ability Level
	-.01***(.002)
	.16
	6182

	1994 Cognitive Ability Importance
	-.004**(.001)
	.14
	6182


Note. The results shown above include all controls and 1994 SAT scores.
H:2d  Does prior achievement have a continued effect on job requirements in subsequent jobs?
Table 13 reports relationships between college grades and subsequent KSA’s controlling for the KSA’s of the respondents’ initial job in 1994.   The results in 2003 generally show no relationships.  To test for the possibility of regression to the mean effects, we also include here the results for jobs held in 1997.  There is evidence here of that effect as relationships went from negative between grades and K.S.A. requirements in 1994 to positive for the change in job requirements between 1994 and 1997.  By 2003 there is essentially no relationship with the change in requirements over the 1994 to 2003 period. A simple explanation for these results in Tables 12 & 13 is that respondents start out in jobs with lower KSA’s, begin to catch up later on, and by 2003, the marginal effect of better grades no longer matters.
Table 13: OLS Results Relating GPA’s to KSA’s Controlling for Initial KSA’s
	DV
	IV: GPA
	Adjusted R square
	N

	1997 
 
	Knowledge Level
	 .02***  (.004)
	.21
	5980

	
	Knowledge Importance
	 .008**  (.002)
	.24
	5980

	
	Skill Level
	 .003      (.004)
	.18
	5980

	
	Skill Importance
	 .003      (.002)
	.14
	5980

	
	Cognitive Ability Level
	 .005*    (.002)
	.18
	5980

	
	Cognitive Ability Importance
	 .004***(.001)
	.14
	5980

	2003
	Knowledge Level
	 .02      (.004)
	.10
	5294

	
	Knowledge Importance
	 .003    (.002)
	.13
	5294

	
	Skill Level
	-.01+    (.004)
	.14
	5294

	
	Skill Importance
	-.003    (.002)
	.08
	5294

	
	Cognitive Ability Level
	 .002    (.002)
	.10
	5294

	
	Cognitive Ability Importance
	 .003*  (.001)
	.06
	5294


Note. The results shown above had all controls in the equations, SAT scores, and 1994 K, S, or A Level/Importance. +p<.10 *p<.05 **p<.01 ***p<.001

H:3d Does achievement in college provide a source of increasing advantage in securing jobs later on that have higher skill requirements? Does the same relationship hold for initial placement in jobs requiring greater KSA’s?  
Table 14 reports fixed effects estimates. The signs for knowledge and skills are negative, although none of the relationships approach standard levels of significance.   
Table 14: Fixed Effects Results Relating GPA to KSA’s Over Time

	DV
	GPA x Year
	R square within
	R square between
	R square overall
	N of observations

	Knowledge Level
	-.003  (.003)
	.004
	.91
	.02
	25644

	Knowledge Importance
	-.001  (.001)
	.006
	.95
	.02
	25644

	Skill Level
	-.0004(.002)
	.0001
	.98
	.03
	25644

	Skill Importance
	-.0001(.001)
	.0002
	1.00
	.04
	25644

	Cognitive Ability Level 
	 .02    (.001)
	.001
	.98
	.03
	25644

	Cognitive Ability Importance
	 .001  (.001)
	.005
	1.00
	.04
	25644


Note. The results shown above had GPA and Year in the equations. +p<.10 *p<.05 **p<.01 ***p<.001
Conclusions:
Despite the importance of understanding careers to individuals, employers, and society, we have little systematic information about what they look like, especially in open labor markets where individuals change employers.  The main challenge in doing so is to establish a criterion for comparing jobs in order to assess whether advancement has taken place.  A strong case can be made that job requirements are the most salient criterion to use. The contribution here is to bring job requirements into the analysis of career advancement as a means to address the previously intractable challenge that using position in an organizational hierarchy is not useful in the contemporary context of movement across employers.
The descriptive results outlining the basic facts as to how job requirements change for individuals over the first 10 years of their post-college career offer some surprises.  First, the requirements of the jobs held by our respondents did not change dramatically in the first decade of their career.  During the same time period, the real earnings of the respondents, adjusting for inflation, roughly doubled (NCES 2008).  Even though K.S.A. requirements are correlated with income for recipients, it seems difficult to suggest that rising wages reflect mainly changes in job requirements.  
The idea that career advancement puts a premium on continuing education, especially in the STEM fields, is not obviously supported by these results.  The knowledge requirements of jobs, associated with education, do not increase any faster than the skill components, associated with experience.  Engineering and technical skills show the smallest increase.    
In terms of the hypothesis concerning cumulative advantage, some of the most interesting as well as consistent findings come from variables that we used as controls.  Groups we might see as traditionally disadvantaged in the labor market – women and non-whites – systematically held jobs with lower requirements, more so for women.  Having a job that connects to one’s major is also related to securing jobs with higher KSA requirements across virtually all analyses. Whether that is because jobs with higher skill requirements require educational preparation or that some jobs make better use of the skills that individuals bring with them – better matches with academic experiences - is difficult to say.  Supporters of the non-profit work will be pleased to note that job requirements seem to be greater, other things equal, for respondents working in that sector of the economy. 
In terms of the cumulative advantage story, the fact that the resources we observe before one enters the post-college workforce have some influence on workplace outcomes is generally well-established, although for some, such as college grades, the direction of the effects remains in doubt. The contribution here is first to examine relationships on a new attribute of career success – the level of skill requirements jobs entail – and second, to examine the effects over time.  
The main conclusion is that the initial resources that new college grads bring to the job market do more than help them gain an initial job that demands more from them.  Those resources help them move up faster to bigger jobs after they get into the labor force, and in some cases, the boost those initial advantages give them actually increase in importance over time.
The most important resource here arguably is SAT scores, a proxy for cognitive ability.  It is associated with initial jobs having greater requirements, it has an additional effect on securing later jobs with greater requirements, and the effects tend to increase over time.   The prestige of one’s college, controlling for the academic ability of the respondents, has a similar, reasonably consist association with job requirements: greater for initial jobs, an additional effect on subsequent jobs, and an increasing effect over time.  
Socio-economic status in the form of family income seems to have something of a delayed effect, being more important in the increase in subsequent jobs than in the respondent’s initial job.  Academic achievement in the form of college grades shows a pattern consistent with regression to the mean effects.  Perhaps disappointing to faculty but not inconsistent with at least some of the prior research, graduates with higher grades start out in jobs with lower requirements, although they move to jobs with higher requirements relatively quickly.  The effect of grades does not persist, however, which makes them the only one of the three resources considered here that is not really consistent with the notion of cumulative advantage. 
There are many limitations to the analysis about that are associated with studying cumulative advantage.  The main issue concerns the concept itself, which is about the nature of relationships between resources and life outcomes rather than about a particular mechanism that relates a given resource to a given outcome.  As such, the cumulative advantage story is like a reduced-form analysis that includes all possible mechanisms within a relationship and does not try to sort them out.  The challenge of omitted variables that has to be met to sort out specific mechanisms is not a consideration here.  
These limitations are less of a concern in this context where we are using a new measure to examine the broad question of cumulative advantage, which includes examination of three different types of relationships and four different types of initial resources.  Many of them have been and each could be by themselves the subject of separate publications that try to isolate a particular mechanism through which effects occur and then establish a clear causal path to that relationship. 
The standard concern about identification may be more of an issue concern here.  The fact that the entire sample are college graduates who left college at the same time addresses some selection issues and that the resources are measured years before the outcomes helps somewhat in establishing causation.  
Serious problems remain for efforts to establish causation, of course, such as whether knowledge about job requirements affects students’ choices concerning college.  But for the purposes of examining cumulative advantage, such concerns are less of a problem because the hypotheses are ultimately about association rather than causation: The fact that attending a more prestigious college has an increasing association with job outcomes over time, for example, is the point for cumulative advantage.  For other hypotheses, it is important to be able to identify whether such colleges attract more able students, whether students who want more serious jobs make different college decisions, and so forth. Clearly those are important questions for social science, but the questions examined here matter as well.      
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Appendix:
	
	Mean
	SD
	N

	White
	.86
	.004
	6169

	Female
	.55
	.01
	6169

	Age when getting a BA degree
	23.38
	.05
	6169

	Job related to major (1994 job) 
	2.26
	.01
	6169

	For profit sector (=1)
	.63
	.01
	6169

	Manufacturing and trade industry 1994 (=1)
	.19
	.005
	6169

	SAT/ACT - index
	2.46
	.01
	6169

	Family income
	.52
	.004
	6169

	College prestige
	.48
	.006
	6169

	GPA – 400 point scale
	302.96
	.63
	6169



	
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Level of KSA
	257.43
	45.08
	8359
	266.53
	42.12
	9505
	270.84
	38.00
	8585

	Importance of KSA
	287.56
	25.00
	8359
	291.83
	23.42
	9505
	295.53
	21.96
	8585



	
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Level of Abilities
	104.69
	20.02
	8359
	105.52
	19.58
	9505
	106.08
	18.19
	8585

	Importance of Abilities
	122.23
	11.96
	8359
	122.42
	11.69
	9505
	123.20
	11.07
	8585

	Level of Knowledge
	68.08
	17.52
	8359
	72.27
	17.19
	9505
	73.58
	14.63
	8585

	Importance of Knowledge
	73.98
	9.17
	8359
	75.92
	9.06
	9505
	76.81
	8.18
	8585

	Level of Skills
	84.66
	16.94
	8359
	88.75
	15.85
	9505
	91.18
	14.56
	8585

	Importance of Skills
	91.35
	9.27
	8359
	93.48
	8.47
	9505
	95.51
	7.87
	8585



	Level of Knowledge
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Business and management
	17.64
	5.09
	8358
	18.61
	4.99
	9504
	19.11
	5.49
	8584

	Social sciences
	16.91
	6.95
	8358
	18.13
	7.16
	9504
	18.66
	6.63
	8584

	Engineering and technology 
	12.22
	6.55
	8358
	12.93
	6.59
	9504
	12.69
	6.44
	8584

	Science
	10.44
	5.07
	8358
	10.93
	5.26
	9504
	11.40
	5.19
	8584

	Liberal arts
	7.06
	2.86
	8358
	7.57
	3.04
	9504
	7.69
	2.78
	8584

	Communication
	3.81
	1.38
	8358
	4.09
	1.42
	9504
	4.03
	1.4
	8584



	Importance of Knowledge
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Social sciences
	16.95
	4.39
	8358
	17.52
	4.49
	9504
	18.06
	4.58
	8584

	Business and management
	16.74
	3.00
	8358
	17.20
	2.95
	9504
	17.31
	3.22
	8584

	Engineering and technology 
	14.11
	3.82
	8358
	14.45
	3.81
	9504
	14.30
	3.77
	8584

	Science
	13.06
	3.02
	8358
	13.24
	3.15
	9504
	13.57
	3.29
	8584

	Liberal arts
	8.56
	1.65
	8358
	8.78
	1.68
	9504
	8.92
	1.76
	8584

	Communication
	4.56
	0.91
	8358
	4.73
	0.93
	9504
	4.66
	0.91
	8584



	Level of Skills
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Basic
	32.78
	5.47
	8358
	34.34
	5.00
	9504
	35.16
	4.34
	8584

	Social
	19.28
	2.97
	8358
	19.97
	2.81
	9504
	20.53
	2.58
	8584

	Technical
	11.02
	7.24
	8358
	11.5
	7.46
	9504
	11.53
	7.36
	8584

	Resource management 
	9.39
	3.16
	8358
	9.95
	3.11
	9504
	10.42
	3.31
	8584

	System
	8.97
	2.18
	8358
	9.61
	2.06
	9504
	10.06
	1.89
	8584

	Complex problem solving
	3.22
	0.56
	8358
	3.38
	0.54
	9504
	3.48
	0.50
	8584



	Importance of Skills
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Basic
	32.31
	3.27
	8358
	33.13
	2.99
	9504
	34.00
	2.82
	8584

	Social
	19.07
	2.29
	8358
	19.36
	2.26
	9504
	19.81
	2.12
	8584

	Technical
	17.81
	4.33
	8358
	17.97
	4.35
	9504
	18.08
	4.22
	8584

	Resource management 
	10.10
	1.8
	8358
	10.42
	1.46
	9504
	10.62
	1.9
	8584

	System
	8.83
	1.38
	8358
	9.23
	1.3
	9504
	9.56
	1.22
	8584

	Complex problem solving
	3.24
	.39
	8358
	3.37
	.37
	9504
	3.45
	.38
	8584



	Level of Ability
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Cognitive
	64.12
	8.94
	8358
	66.28
	8.23
	9504
	67.52
	7.21
	8584

	Sensory
	22.25
	4.43
	8358
	22.62
	4.41
	9504
	22.68
	4.09
	8584

	psychomotor
	11.47
	8.03
	8358
	10.72
	8.11
	9504
	10.31
	7.85
	8584

	physical
	6.85
	7.23
	8358
	5.90
	6.93
	9504
	5.56
	6.40
	8584



	Importance of Ability
	1994
	1997
	2003

	
	Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD
	N

	Cognitive
	64.39
	5.26
	8358
	65.62
	4.69
	9504
	66.83
	4.5
	8584

	Sensory
	26.92
	2.69
	8358
	27.06
	2.7
	9504
	27.14
	2.54
	8584

	psychomotor
	17.53
	5.23
	8358
	16.98
	5.25
	9504
	16.70
	4.92
	8584

	physical
	13.39
	4.65
	8358
	12.76
	4.42
	9504
	12.53
	4.06
	8584


…………………………………………………………………………………………………………..


