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Is dev compensation bimodal?



Developer compensation has skyrocketed since the demise of the Google et al. wage-suppressing no-hire agreement, to the point where compensation rivals and maybe even exceeds compensation in traditionally remunerative fields like law, consulting, etc. In software, "senior" dev salary at a high-paying tech company is $350k/yr, where "senior" can mean "someone three years of out school" and it's not uncommon for someone who's considered a high performing engineer to make seven figures.

The fields have sharply bimodal income distributions. Are programmers in for the same fate? Let's see what data we can find. First, let's look at data from the National Association for Law Placement, which shows when legal salaries become bimodal.


Lawyers in 1991

[image: First-year lawyer salaries in 1991. $40k median, trailing off with the upper end just under $90k]

Median salary is $40k, with the numbers slowly trickling off until about $90k. According to the BLS $90k in 1991 is worth $160k in 2016 dollars. That's a pretty generous starting salary.



Lawyers in 2000

[image: First-year lawyer salaries in 2000. $50k median; bimodal with peaks at $40k and $125k]

By 2000, the distribution had become bimodal. The lower peak is about the same in nominal (non-inflation-adjusted) terms, putting it substantially lower in real (inflation-adjusted) terms, and there's an upper peak at around $125k, with almost everyone coming in under $130k. $130k in 2000 is $180k in 2016 dollars. The peak on the left has moved from roughly $30k in 1991 dollars to roughly $40k in 2000 dollars; both of those translate to roughly $55k in 2016 dollars. People in the right mode are doing better, while people in the left mode are doing about the same.

I won't belabor the point with more graphs, but if you look at more recent data, the middle area between the two modes has hollowed out, increasing the level of inequality within the field. As a profession, lawyers have gotten hit hard by automation, and in real terms, 95%-ile offers today aren't really better than they were in 2000. But 50%-ile and even 75%-ile offers are worse off due to the bimodal distribution.



Programmers in 2015

Enough about lawyers! What about programmers? Unfortunately, it's hard to get good data on this. Anecdotally, it sure seems to me like we're going down the same road. Unfortunately, almost all of the public data sources that are available, like H1B data, have salary numbers and not total compensation numbers. Since compensation at the the upper end is disproportionately bonus and stock, most data sets I can find don't capture what's going on.

One notable exception is the new grad compensation data recorded by Dan Zhang and Jesse Collins:

[image: First-year programmer compensation in 2016. Compensation ranges from $50k to $250k]

There's certainly a wide range here, and while it's technically bimodal, there isn't a huge gulf in the middle like you see in law and business. Note that this data is mostly bachelors grads with a few master's grads. PhD numbers, which sometimes go much higher, aren't included.

Do you know of a better (larger) source of data? This is from about 100 data points, members of the "Hackathon Hackers" Facebook group, in 2015. Dan and Jesse also have data from 2014, but it would be nice to get data over a wider timeframe and just plain more data. Also, this data is pretty clearly biased towards the high end — if you look at national averages for programmers at all levels of experience, the average comes in much lower than the average for new grads in this data set. The data here match the numbers I hear when we compete for people, but the population of "people negotiating offers at Microsoft" also isn't representative.

If we had more representative data it's possible that we'd see a lot more data points in the $40k to $60k range along with the data we have here, which would make the data look bimodal. It's also possible that we'd see a lot more points in the $40k to $60k range, many more in the $70k to $80k range, some more in the $90k+ range, etc., and we'd see a smooth drop-off instead of two distinct modes.

Stepping back from the meager data we have and looking at the circumstances, "should" programmer compensation be bimodal? Most other fields that have bimodal compensation have a very different compensation structure than we see in programming. For example, top law and consulting firms have an up-or-out structure, which is effectively a tournament, which distorts compensation and certainly makes it seem more likely that compensation is likely to end up being bimodal. Additionally, competitive firms pay the same rate to all 1st year employees, which they determine by matching whoever appears to be paying the most. For example, this year, Cravath announced that it would pay first-year associates $180k, and many other firms followed suit. Like most high-end firms, Cravath has a salary schedule that's entirely based on experience:


	0 years: $180k

	1 year: $190k

	2 years: $210k

	3 years: $235k

	4 years: $260k

	5 years: $280k

	6 years: $300k

	7 years: $315k



In software, compensation tends to be on a case-by-case basis, which makes it much less likely that we'll see a sharp peak the way we do in law. If I had to guess, I'd say that while the dispersion in programmer compensation is increasing, it's not bimodal, but I don't really have the right data set to conclusively say anything. Please point me to any data you have that's better.



Appendix A: please don't send me these


	H-1B: mostly salary only.

	Stack Overflow survey: salary only. Also, data is skewed by the heavy web focus of the survey —— I stopped doing the survey when none of their job descriptions matched anyone in my entire building, and I know other people who stopped for the same reason.

	Glassdoor: weirdly inconsistent about whether or not it includes stock compensation. Numbers for some companies seem to, but numbers for other companies don't.

	O'Reilly survey: salary focused.

	BLS: doesn't make fine-grained distribution available.

	IRS: they must have the data, but they're not sharing.

	IDG: only has averages.

	internal company data: too narrow

	compensation survey companies like PayScale: when I've talked to people from these companies, they acknowledge that they have very poor visibility into large company compensation, but that's what drives the upper end of the market (outside of finance).

	#talkpay on twitter: numbers skew low1.





Appendix B: why are programmers well paid?

Since we have both programmer and lawyer compensation handy, let's examine that. Programming pays so well that it seems a bit absurd. If you look at other careers with similar compensation, there are multiple factors that act as barriers or disincentives to entry.

If you look at law, you have to win the prestige lottery and get into a top school, which will cost hundreds of thousands of dollars (while it's possible to get a full scholarship, a relatively small fraction of students at top schools are on full scholarships). Then you have to win the grades lottery and get good enough grades to get into a top firm. And then you have to continue winning tournaments to avoid getting kicked out, which requires sacrificing any semblance of a personal life. Consulting, investment banking, etc., are similar. Compensation appears to be proportional to the level of sacrifice (e.g., investment bankers are paid better, but work even longer hours than lawyers, private equity is somewhere between investment and banking and law in hours and compensation, etc.).

Medicine seems to be a bit better from the sacrifice standpoint because there's a cartel which limits entry into the field, but the combination of medical school and residency is still incredibly brutal compared to most jobs at places like Facebook and Google.

Programming also doesn't have a licensing body limiting the number of programmers, nor is there the same prestige filter where you have to go to a top school to get a well paying job. Sure, there are a lot of startups who basically only hire from MIT, Stanford, CMU, and a few other prestigious schools, and I see job ads like the following whenever I look at startups (the following is from a company that was advertising on Slate Star Codex for quite a long time):


Our team of 14 includes 6 MIT alumni, 3 ex-Googlers, 1 Wharton MBA, 1 MIT Master in CS, 1 CMU CS alum, and 1 "20 under 20" Thiel fellow. Candidates often remark we're the strongest team they've ever seen.

We’re not for everyone. We’re an enterprise SaaS company your mom will probably never hear of. We work really hard 6 days a week because we believe in the future of mobile and we want to win.



Prestige obsessed places exist. But, in programming, measuring people by markers of prestige seems to be a Silicon Valley startup thing and not a top-paying companies thing. Big companies, which pay a lot better than startups, don't filter people out by prestige nearly as often. Not only do you not need the right degree from the right school, you also don't need to have the right kind of degree, or any degree at all. Although it's getting rarer to not have a degree, I still meet new hires with no experience and either no degree or a degree in an unrelated field (like sociology or philosophy).

How is it possible that programmers are paid so well without these other barriers to entry that similarly remunerative fields have? One possibility is that we have a shortage of programmers. If that's the case, you'd expect more programmers to enter the field, bringing down compensation. CS enrollments have been at record levels recently, so this may already be happening. Another possibility is that programming is uniquely hard in some way, but that seems implausible to me. Programming doesn't seem inherently harder than electrical engineering or chemical engineering and it certainly hasn't gotten much harder over the past decade, but during that timeframe, programming has gone from having similar compensation to most engineering fields to paying much better. The last time I was negotiating with a EE company about offers, they remarked to me that their VPs don't make as much as I do, and I work at a software company that pays relatively poorly compared to its peers. There's no reason to believe that we won't see a flow of people from engineering fields into programming until compensation is balanced.

Another possibility is that U.S. immigration laws act as a protectionist barrier to prop up programmer compensation. It seems impossible for this to last (why shouldn't there by really valuable non-U.S. companies), but it does appear to be somewhat true for now. When I was at Google, one thing that was remarkable to me was that they'd pay you approximately the same thing in Washington or Colorado as they do Silicon Valley, but they'd pay you much less in London. Whenever one of these discussions comes up, people always bring up the "fact" that SV salaries aren't really as good as they sound because the cost of living is so high, but companies will not only match SV offers in Seattle, they'll match them in places like Pittsburgh. My best guess for why this happens is that someone in the Midwest can credibly threaten to move to SV and take a job at any company there, whereas someone in London can't2. While we seem unlikely to loosen current immigration restrictions, our immigration restrictions have caused and continue to cause people who would otherwise have founded companies in the U.S. to found companies elsewhere. Given that the U.S. doesn't have a monopoly on people who found startups and that we do our best to keep people who want to found startups here out, it seems inevitable that there will eventually be Facebooks and Googles founded outside of the U.S. who compete for programmers the same way companies compete inside the U.S.

Another theory that I've heard a lot lately is that programmers at large companies get paid a lot because of the phenomenon described in Kremer's O-ring model. This model assumes that productivity is multiplicative. If your co-workers are better, you're more productive and produce more value. If that's the case, you expect a kind of assortive matching where you end up with high-skill firms that pay better, and low-skill firms that pay worse. This model has a kind of intuitive appeal to it, but it can't explain why programming compensation has higher dispersion than (for example) electrical engineering compensation. With the prevalence of open source, it's much easier to utilize the work of productive people outside your firm than in most fields. This model should be less true of programming than in most engineering fields, but the dispersion in compensation is higher.

A related theory that can't be correct for similar reasons is that high-paid software engineers are extra elite, the best of the best, and are simply paid more because they're productive. If you look at how many programmers the BLS says exist in the US (on the order of a few million) and how many engineers high-paying tech companies employ in the U.S. (on the order of a couple or a few hundred thousand), high-paying software compnaies literally can't consist of the top 1%. Even if their filters were perfect (as opposed to the complete joke that they're widely regarded to be), they couldn't be better than 90%-ile. Realistically, it's more likely that the median programmer at a high-paying tech company is a bit above 50%-ile.

The most common theory I've heard is that "software is eating the world". The theory goes: of course programmers get paid a lot and will continue to get paid a lot because software is important and only becoming more important. Despite being the most commonly stated theory I've heard, this seems nonsensical if you compare other fields. You could've said this about microprocessor design in the late 90s as well as fiber optics. Those fields are both more important today than they were in the 90s, not only is there more demand for processing power and bandwidth than ever before, demand for software is actually dependent on those. And yet, the optics engineering job market still hasn't recovered from the dot com crash and the microprocessor design engineer market, after recovering, still pays experienced PhDs less than a CS new grad at Facebook.

Furthermore, any argument for high programmer pay that relies on some inherent property of market conditions, the economy at large, the impact of programming, etc., seems like it cannot be correct if you look at what's actually driven up programmer pay. FB declined to participate in Google/Apple wage fixing agreement that became basically industry wide, which mean that FB was outpaying other major tech companies. When the wage-fixing agreement was lifted, other companies "had to" come close to matching FB compensation to avoid losing people both to FB and to each other. When they did that, FB kept raising the bar on compensation and compensation kept getting better. [2022 update] This can most clearly be seen with changes to benefits and pay structure, where FB would make a change, Google would follow suit immediately, and other companies would pick up the change later, as when FB removed vesting cliffs and Google did the same within weeks and the change trickled out across the industry. There are companies that were paying programmers as well or better than FB, like Netflix and a variety of finance companies, but major tech companies tended to not match offers from those places because they were too small to hire away enough programmers to be concerning, but FB is large and hires enough to be a concern to Google, which matches FB and combined, are large enough to be a concern to other major tech companies.

Because the mechanism for compensation increases has been arbitrary (FB could not exist, or the person who's in total control of FB, Zuckerberg, could decide on different compensation policy), it's quite arbitrary that programmer pay is as good as it is.

In conclusion, high programmer pay seems like a mystery to me and would love to hear a compelling theory for why programming "should" pay more than other similar fields, or why it should pay as much as fields that have much higher barriers to entry.



Update

Eric Roberts has observed that it takes a long time for CS enrollments to recover after a downturn, leading to a large deficit in the number of people with CS degrees vs. demand.

[image: More than a one decade lag between downturn and recovery in enrollment]

The 2001 bubble bursting caused a severe drop in CS enrollment. CS enrollment didn't hit its previous peak again until 2014, and if you fit the graph and extrapolate against the peaks, it took another year or two for enrollments to hit the historical trend. If we didn't have any data, it wouldn't be surprising to find that there's a five year delay. Of the people who graduate in four years (as opposed to five or more), most aren't going to change their major after mid or late sophmore year, so that's already two to three years of delay right there. And after a downturn, it takes some time to recover, so we'd expect at least another two to three years. Roberts makes a case that the additional latency came from a number of other factors including the fear that even though things looked ok, jobs would be outsourced soon and a slow response by colleges.

Dan Wang has noted that, according to the SO survey, 3/4 of developers have a BS degree (or higher). If it's statistically "hard" to get a high-paying job without a CS degree and there's over a decade hangover from the 2001 downturn, that could explain why programmer compensation is so high. Of course, most of us know people in the industry without a degree, but it seems to be harder to find an entry-level position without a credential.

It's not clear what this means for the future. Even if the lack of candidates with the appropriate credential is a major driver in programmer compensation, it's unclear what the record CS enrollments over the past few years means for future compensation. It's possible that record enrollments mean that we should expect compensation to come back down to the levels we see in other fields that require similar skills, like electrical engineering. It's also possible that enrollment continues to lag behind demand by a decade and that record enrollments are just keeping pace with demand from a decade ago, in which case we might expect elevated compensation to persist (as long as other factors, like hiring outside of the U.S., don't influence things too much). Since there's so much latency, another possibility is that enrollment has or will overshoot demand and we should expect compensaton programmer compensation to decline. And it's not even clear that the Roberts paper makes sense as an explanation for high current comp because Roberts also found a huge capacity crunch in the 80s and, while some programmers were paid very well, the fraction of programmers who were paid "very well" seems to have been much smaller than it is today. Google alone employs 30k engineers. If 20k are programmers in the U.S. and the estimate that there are 3 million programmers in the U.S., Google alone employs 0.6% of programmers in the U.S. If you add in the other large companies that are known to pay competitively (Amazon, Facebook, etc.), that's a significant fraction of all programmers in the U.S., which I believe is quite different from the situation in the 80s.

The most common response I've gotten to this post is that we should expect programmers to be well-paid because software is everywhere and there will be at least as much software in the future. This exact same line of reasoning could apply to electrical engineering, which is more fundamental than software, in that software requires hardware, and yet electrical engineering comp isn't in the same league as programmer comp. Highly paid programmers couldn't get their work done without microprocessors, and there are more processors sold than ever before, but the comp packages for a "senior" person at places like Intel and Qualcomm aren't even within a factor of two as at Google or Facebook. You could also make a similar argument for people who work on water and sewage systems, but those folks also don't seem compensation that's in the same range as programmers either. Any argument of the form, "the price for X is high because X is important" implicitly assumes that there's some force constraining the supply of X. The claim that "X is important" or "we need a lot of X" is missing half the story. Another problem with claims like "X is important" or "X is hard" is that these statements don't seem any less true of industries that pay much less. If your explanation of why programmers are well paid is just as true of any "classical" engineering discipline, you need some explanation of why those other fields shouldn't be as well paid.

The second most common comment that I hear is that, of course programmers are well paid, software companies are worth so much, which makes it inevitable. But there's nothing inevitable about workers actually being well compensated because a company is profitable. Someone who made this argument sent me a link to this list of the most profitable companies per employee. The list has some software companies that pay quite well, like Alphabet (Google) and Facebook, but we also see hardware companies like Qualcomm, Cisco, TSMC (and arguably SoftBank now that they've acquired ARM) that don't even pay as well software companies that don't turn a profit or that barely make money and have no path to being wildly profitable in the future. Moreover, the compensation at the software companies that are listed isn't very strongly related to their profit per employee.

To take a specific example that I'm familiar with because I grew up in Madison, the execs at Epic Systems have built a company that's generated so much wealth that its founder has an estimated net worth of $3.6 billion, which is much more than all but the most successful founders in tech. But line engineers at Epic are paid significantly less than engineers at tech companies that compete with SV for talent, even tech companies that have never made any money. What is it about some software companies that make a similar amount of money that prevents them from funneling virtually all of the wealth they generate up to the top? The typical answer to this cost of living, but as we've seen, that makes even less sense than usual in this case since Google has an office in the same city as Epic, and Google pays well over double what Epic does for typical dev. If there were some kind of simple cost of living adjustment, you'd expect Google to pay less in Madison than in Toronto or London, but it seems to be the other way around. This isn't unique to Madison — just for example, you can find a number of successful software companies in Austin that pay roughly half what Amazon and Facebook pay in the same city, where upper management does very well for themselves and line engineers make a fine living, but nowhere near as much as they'd make if they moved to a company like Amazon or Facebook.

The thing all of these theories have in common is that they apply to other fields as well, so they cannot be, as stated, the reason programmers are better paid than people in these other fields. Someone could argue that programming has a unique combination of many of these or that one these reasons should be expected to apply much more strongly than to any other field, but I haven't seen anyone make that case. Instead, people just make obviously bogus statements like "programming is really hard" (which is only valid as a reason, in this discussion, if literally the hardest field in existence and much harder than other engineering fields).





	People often worry that comp surveys will skew high because people want to brag, but the reality seems to be that numbers skew low because people feel embarrassed about sounding like they're bragging. I have a theory that you can see this reflected in the prices of other goods. For example, if you look at house prices, they're generally predictable based on location, square footage, amenities, and so on. But there's a significant penalty for having the largest house on the block, for what (I suspect) is the same reason people with the highest compensation disproportionately don't participate in #talkpay: people don't want to admit that they have the highest pay, have the biggest house, or drive the fanciest car. Well, some people do, but on average, bragging about that stuff is seen as gauche. [return]

	There's a funny move some companies will do where they station the new employee in Canada for a year before importing them into the U.S., which gets them into a visa process that's less competitive. But this is enough of a hassle that most employees balk at the idea. [return]










Source: https://danluu.com/bimodal-compensation/
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Figure 1. CS bachelor’s degrees in the United States (1975-2014)

Source: National Center for Education Statistics (2013 and 2014 data estimated from CRA Taulbee survey)
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