Specialization and the road to academic success 
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One-line summary: Researchers with intermediate research breadth are the most successful.

Abstract: The relative merits of focusing research on few areas of science versus generalizing across topics have important implications for how academics conduct science. Little is known, however, about how research breadth and academic success are related.  Drawing on data from more than 4000 ecologists and evolutionary biologists worldwide, we show that highest academic success is achieved at intermediate levels of research breadth. This suggests that being a "jack of all trades" or an overly narrow specialist could both be detrimental to long term academic success. 

Scientists must choose whether to focus on a few research areas or to apply their skills to a wider range of topics. This choice may have direct consequences for their academic success. Narrow research breadth allows a researcher to become an authority on a given subject (1) – traditionally a key academic requirement. On the other hand, studying a wide range of subjects may enable a researcher to tackle problems which require the ability to take a broader view. Although the question of whether to specialize or not is encountered by all scientists, few empirical studies have explored how this choice influences success. 

In this study, we relate the research breadth of authors to their academic success. Both of these factors vary widely across scientific disciplines so we focus on ecology and evolution, our primary fields of research, because we are keen to increase our chances of academic success. We estimated research breadth using ISI Web of Science (ISI; http://isiknowledge.com) standardized keywords. Our premise is that similarity in keywords among publications is related to similarity in the underlying topics studied by an author (2). To quantify this similarity, we use the log-log slope of the cumulative number of unique keywords against the cumulative total number of keywords accumulated per publication throughout an author's career (fig. 1A). A higher slope indicates that an author is accumulating new keywords between publications at a faster rate, and hence has broader research-breadth than an author with a lower slope. This is analogous to the species-time relationship which represents accumulation of species through time (3). We use the H-index (4) as our measure of academic success. A higher H-index indicates greater academic success as measured by both the number of publications and the number of citations these publications have attracted. We extracted a list of all publications for more than 4000 ecologists, along with keywords and number of citations, from the ISI database (the protocols for extracting data and generating the list of authors are presented in detail in the SOM). We then analyzed the relationship between research breadth and H-index for these authors. 
We find clear evidence that the relationship between academic success and research breadth is hump-shaped, i.e., highest success is achieved at intermediate levels of research breadth (fig. 1B). Our results are strongest for the subset of authors with the most publications (the top two quartiles). It is unclear whether the relationship is absent for authors with fewer publications or is simply masked by the variability in research breadth associated with few publications. 

Our results demonstrate that across a career, both over-specialization and over-generalization are detrimental to academic success. Presumably, overly specialized researchers are unable to publish highly influential and widely cited papers because the wider context of their research is not immediately obvious to others. In extreme cases, they may also fail to switch research fields when their field becomes obsolete. Conversely, the data also suggests that being a "jack-of-all-trades" really does make you a "master of none", at least as far as publications and citations go. Interdisciplinary research might be the current buzzword for grant applications, but it may not be the most academically-rewarding strategy in the long term. The challenge for each of us is to change areas of research through time and promote out-of-field collaborations, whilst verifying this has not come at the expense of familiarity with our particular research specialties.  
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Fig. 1: (A) Schematic illustration of the way research breadth was calculated. Research breadth is defined as the slope of the log-transformed cumulative number of unique keywords versus cumulative total keywords accumulated per publication throughout an author's career. (B) The relationship between H-index and research breadth across authors. Separate generalized additive models (GAMs) were constructed for each publication quartile: a) 10-15 publications (F = 2.8, p = 0.07, percentage of deviance explained = 0.7%, n = 1082); b) 16-24 publications (F = 2.7, p = 0.07, percentage of deviance explained = 0.7%, n = 1042); c) 25-42 publications (F = 86.8, p < 0.01, percentage of deviance explained = 13.3%, n = 1085); d) >42 publications (F = 82.8, p < 0.01, percentage of deviance explained = 14.2%, n = 1122). GAMs were modeled using a smoothing spline with 3 degrees of freedom and an identity link with Gaussian errors. 
Materials and Methods:
Using authors as a basic sampling unit, we examined the relationship between H-index and research breadth. We use the H-index (1) because it is widely used to assess academic success despite known limitations 


(2, 3) ADDIN EN.CITE . We estimate the research breadth of an author using the slope of the natural-log transformed cumulative number of unique keywords versus cumulative total accumulated per publication throughout an author's career (fig. 1). A similar index, defined as the ratio of the total number of unique keywords to the total number keywords used across all of an author's publications (4), displayed qualitatively similar results. 

Having chosen our measures of success and research breadth we selected authors to investigate. Over 90,000 authors have published in ecology and evolution journals so we first selected a more manageable subset of authors. To do this we randomly selected ten ecology and evolution journals from each journal impact factor quartile (2008 ISI Journal Citation Reports) then randomly selected 10,000 authors who had published within these 40 journals. Next we extracted data for each author from the ISI Web of Science database (ISI; http://isiknowledge.com) using a web-automated data extraction tool (iMacros; http://www.iopus.com/imacros/). For each author we compiled a list of their publications published since 1980 and from the following ISI-defined subject categories: Agricultural Economics and Policy; Genetics and Heredity; Geography; Geography, Physical; Behavioral Sciences; Biology; Multidisciplinary Sciences; Paleontology; Agronomy; Biodiversity Conservation; Ecology; Entomology; Environmental Sciences; Environmental Studies; Evolutionary Biology; Fisheries; Forestry; Limnology; Marine and Freshwater Biology; Mycology; Oceanography; Ornithology; Parasitology; Plant Sciences; Remote Sensing; Soil Science and Zoology. These categories are broadly related to ecology and evolution, although results were robust to the inclusion and exclusion of the more general categories (e.g., Multidisciplinary Sciences). Authors with few publications tended to have extremely high variance in research breadth, while authors with many publications often represented multiple authors with the same name. We therefore only included authors with more than 10 and fewer than 500 publications, retaining over 4000 authors. We assessed data quality by carefully examining a random subset of 200 authors. We found that around 15% contained multiple investigators. This inflated both the H-index and research breadth of these authors, but not enough to influence our results (0.35 H-index and 0.03 research breadth). 

We analyzed the relationship between research breadth and success using generalized additive models (GAMs). We log-transformed the H-index and square-rooted then arcsine transformed for research breadth. As the certainty of the research breadth slope estimate varies, we weighted our analyses according to the inverse of the sampling variance squared (SE-2). H-index is constrained by the number of publications an author has; even a highly successful early-career researcher is likely to have a low value. To examine how the relationship between success and research breadth changes with number of publications, we subset the authors into publication quartiles and repeated the analysis. 
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