
ated. Human work shifted from au-
thoring to directing: specifying goals, 
verifying correctness, and integrat-
ing the agentic output into a coherent 
system.

Aspire is another large system that 
shows how this transformation unfolds 
in practice and changes how engineer-
ing teams work. Teams moved through 
distinct phases, first using chat as-
sistants locally, then allowing coding 
agents to open pull requests, and even-
tually operating in human-agent swarms 
where every pull-request (PR) was ship-

G
E N E R AT I V E A I  H A S frac-
tured the economics of 
software engineering. 
Agentic coding assistants 
now give senior engineers 

an AI boost, multiplying their through-
put, while imposing an AI drag on 
early-in-career (EiC) developers who 
lack the judgment and context to steer, 
verify, and integrate AI output. The re-
sult is a new incentive structure: Hire 
seniors, automate juniors. But without 
EiC hiring, the profession’s talent pipe-
line collapses, and organizations face 
a future without the next generation of 
experienced engineers.

Our thesis is simple: We must keep 
hiring EiC developers, accept that they 
initially reduce capacity, and deliber-
ately design systems that make their 
growth an explicit organizational 
goal. The path forward is a culture of 
preceptorship at scale. We must enable 
senior mentorship with AI systems 
that capture reasoning, surface mis-
conceptions, and turn daily work into 
teachable moments for EiC developers. 
This article explores how such systems 
can close the training gap and preserve 
the craft of software engineering in the 
age of AI.

The AI Boost
The past year has marked a sharp turn-
ing point in software engineering pro-
ductivity. Agentic coding assistants—
systems that interpret goals, reason 
across repositories, and iteratively 

generate, test, and refine code—are re-
shaping what small teams can achieve. 
Internal data and independent studies 
now show that experienced developers 
using these tools can complete com-
plex tasks several times faster, with 
order-of-magnitude improvements in-
creasingly common.

In Microsoft’s Project Societas, the 
project name for its new Office Agent, 
seven part-time engineers delivered 
a consumer-ready preview in just 10 
weeks, producing more than 110,000 
lines of code that was 98% AI-gener-
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fective fix if the race no longer surfaces 
in tests.

The agent even has trouble explain-
ing its rationale for inserting the delay, 
which does not actually reduce the risk 
of the race in this case. Upon being 
challenged, it admits its reasoning was 
flawed (Figure 2), but AI can also con-

clude correct reasoning is wrong when 
challenged by a user’s suggestions that 
it might be incorrect.

Only an engineer familiar with 
synchronization protocols, the syn-
chronization primitives in use, and 
the architecture of the code can have 
the confidence to point out the agent’s 
mistakes and have the insights neces-
sary to guide it in a correct direction.

Progress in many of these cases re-
quires the user to tell the agent how to 
proceed. In Figure 3, for example, the 
user guides the agent to insert sleeps 
that will induce the code to exhibit a 
race condition for more reliable de-
bugging.

There are dozens of examples like 
this from multiple agentic AI projects 
that show the model claiming success 
when the code had significant bugs, 
implementing inefficient algorithms, 
duplicating common code through-
out the code base, dismissing crashes 
and hangs as not relevant to the task 
at hand, leaving debug code behind, 
taking shortcuts with hacks that make 
code work for specific tests but that 
don’t generalize, and more.

Although AI agents are advancing 
rapidly, human expertise remains es-
sential in software development. Pro-
gramming is not software engineering. 
Even the most reliable systems cannot 
fully replace the judgment, creativity, 
and adaptability required to handle 
uncertainty, make complex decisions, 
and maintain security. While agents 
can speed up workflows and reduce 
manual effort, they lack the intuition 
to anticipate edge cases and build ro-
bust solutions. Relying too much on AI 
risks missing subtle bugs, architectur-
al flaws, and vulnerabilities only skilled 
engineers can catch. Human oversight, 
critical thinking, and domain knowl-
edge are indispensable for both cor-
recting errors and driving innovation 
as technology progresses.

The narrowing pyramid hypoth-
esis. Traditional software engineering 
organizations hire EiC developers to 
augment the capacity of the organiza-
tion by having them take on relatively 
simple bug fixes and coding tasks. In 
performing these tasks, they gain ex-
perience and become familiar with 
the coding standards of a project, as 
well as its architecture, implementa-
tion, build, and test systems. Some of 

pable and review became a shared dia-
logue between people and machines. 
The work happened in long GitHub 
PRs, where senior engineers discuss 
the architectural goals while the coding 
agent provides solutions. The result was 
a faster feedback loop, higher parallel-
ism, and drastically lower opportunity 
cost for experimentation.

The agentic engineering intern. 
While AI is boosting software devel-
opment, examples of frontier coding 
agents exhibiting intern-like behaviors 
demonstrate their limitations and how 
an EiC developer might have difficulty 
spotting or guiding the agents away 
from sub-optimal designs and errone-
ous conclusions.

In Figure 1, the agent has inserted 
a sleep into code that was crashing 
because of a race condition. This type 
of change only masks an underlying 
complex synchronization bug, but an 
EiC developer might consider it an ef-

Figure 1. Inserting a sleep into code.

Figure 2. The agent admits it was wrong.

Figure 3. User guides the agent to insert sleeps.

Although AI agents 
are advancing 
rapidly, human 
expertise remains 
essential in software 
development.
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and invest in them. That means giving 
them direct exposure to debugging, 
design trade-offs, implementation, 
and build systems—the fundamentals 
needed to critically evaluate AI output.

Practitioners must grow when ex-
posed to AI or this is all for naught. 
Again, Ethan Mollick:

… every time we hand work to a wiz-
ard, we lose a chance to develop our 
own expertise; to build the very judg-
ment we need to evaluate the wiz-
ard’s work. We’re getting something 
magical, but we’re also becoming the 
audience rather than the magician, 
or even the magician’s assistant.2

The new model must allow both se-
niors and juniors, experienced along-

them with the desire and capability 
rise to become tech leads, which own 
more complex tasks that span broader 
portions of a system and delegate tasks 
to the EiCs. Ratios of EiCs to leads are 
commonly on the order of 10:1.

Generative AI currently acts as se-
niority-biased technological change: It 
disproportionately amplifies engineers 
who already possess systems judgment, 
like taste for architecture, debugging 
under uncertainty, and operational in-
tuition. EiC developers who lack hard-
won systems knowledge will struggle to 
contribute in an AI-driven environment. 
Labor data shows that after GPT-4’s re-
lease, employment of 22–25-year-olds 
in highly AI-exposed jobs (like software 
development) fell by roughly 13%, even 
as senior roles grew. A recent study from 
Harvard, “Generative AI as Seniority-
Biased Technological Change: Evidence 
from U.S. Résumé and Job Posting 
Data,”3 observes that AI seems to al-
ready be creating a form of “seniority-
biased technological change.”

AI is amplifying senior talent but 
risks leaving new talent behind, cre-
ating a lopsided organization and a 
shrinking “base of the pyramid.” The 
old model of large teams of mid-level/
junior developers adding incremental 
features is now under economic pres-
sure. Left unchecked, fewer EiCs will 
gain “systems taste,” architectural in-
tuition, and operational savvy—erod-
ing code quality and slowing innova-
tion. Ethan Mollick observes in his 
post, “On Working with Wizards”:

... We need to become connoisseurs 
of output rather than process. We 
need to curate and select among the 
outputs the AI provides, but more 
than that, we need to work with AI 
enough to develop instincts for when 
it succeeds and when it fails. We 
have to learn to judge what’s right, 
what’s off, and what’s worth the risk 
of not knowing. This creates a hard 
problem for education: How do you 
train someone to verify work in fields 
they haven’t mastered, when the AI 
itself prevents them from developing 
mastery? Figuring out how to address 
this gap is increasingly urgent.2

The solution is not to assume EiCs 
will benefit from the same productivity 
gains as seniors, but to deliberately hire 

side early in career, to learn, not just 
produce. Senior mentors should as-
sess weaknesses and guide focus ar-
eas, while AI serves as an accelerant, 
not a crutch.

The preceptor program. To meet the 
challenge of developing EiC developers 
in an AI-driven environment, we pro-
pose a preceptor program that pairs 
EiC developers directly with experi-
enced mentors in real product teams. 
Preceptors guide and grow practitioners, 
teaching them how to direct agentic AI 
tools, develop critical judgment, and 
learn the production function of se-
nior engineers. This approach ensures 
learning, not just throughput, is a core 
part of engineering in the age of AI.

Research from MIT in early 2025 
observed “cognitive debt” in adults 
who used ChatGPT to write SAT-style 
essays, noting reduced brain activ-
ity compared to those who wrote un-
aided, as well as lower recall minutes 
afterward.1 Direct engagement is as-
sociated with more effective learning 
outcomes. By training EiC developers 
specifically for an AI-powered environ-
ment—learning fundamentals, under-
standing AI’s strengths and weakness-
es, and developing judgment about 
when to trust or override—we preserve 
the long-term health of our engineer-
ing workforce. This intentional invest-
ment keeps the pyramid strong from 
base to peak, but with a base that is fo-

Figure 4. Traditional software engineering organization.
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and address knowledge gaps. This en-
sures assistants support not just code 
generation but also foster learning and 
effective mentorship.

The ideal learner-to-preceptor ratio 
is estimated to be between 3:1 and 5:1, 
depending on software complexity, 
learner experience, and preceptor in-
volvement. Programs are expected to 
run for at least a year, possibly longer, 
based on needed skills and product 
complexity.

Conclusion
Generative AI has fundamentally re-
shaped software engineering, ampli-
fying the productivity of experienced 
engineers while exposing the fragil-
ity of traditional talent pipelines. If 
organizations focus only on short-term 
efficiency—hiring those who can al-
ready direct AI—they risk hollowing 
out the next generation of technical 
leaders. Sustaining the discipline re-
quires intentional design for growth: 
embedding structured mentorship 
and preceptorship into daily work, and 
equipping AI systems to teach through 
Socratic dialogue and guided reason-
ing.

The future of software engineering 
will be defined not by the volume of 
code AI can generate but by how effec-
tively humans learn, reason, and ma-
ture alongside these systems. Investing 
in early-in-career developers through 
deliberate preceptorship ensures to-
day’s expertise becomes tomorrow’s 
intuition. In balancing automation 
with apprenticeship, we preserve the 
enduring vitality of the software engi-
neering profession. 
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cused on refreshing senior talent rath-
er than augmenting the productivity of 
the organization.

For AI-accelerated teams, the prin-
ciples of judgment and sensitivity to 
“code smell” become essential. EiC de-
velopers should not be shielded from 
the problem-solving process; they 
should be invited into all aspects, help-
ing with prompting, debugging, and 
reviewing alongside their mentors so 
they can see how expertise interacts 
with the AI. Their contribution is not 
raw velocity but learning in context: 
surfacing misconceptions, asking why 
the agent’s output fails, and gradually 
internalizing the reasoning their pre-
ceptors already take for granted. Se-
nior engineer preceptors, in turn, have 
a responsibility to externalize their se-
nior judgment, helping turn expertise 
into teachable moments with the goal 
of converting the “AI drag” of inexperi-
ence into the next generation’s capac-
ity for discernment.

Preceptorship carries a deliberate, 
professional weight: It conveys both as-
sessment and accountability. It frames 
software engineering not as a fading 
craft in the era of AI, but as a profes-
sion where senior engineers have a re-
sponsibility to guide those just begin-
ning their practice. Preceptors form 
a trained subset of the senior pool, 
each capable of mentoring three to five 
EiCs. With an effectively unlimited in-
ference budget, these pairs can experi-
ment freely—starting small, iterating 
quickly, learning continuously, and 

scaling as the program matures.
To support learners and provide in-

formation to preceptors, coding assis-
tants may benefit from an explicit EiC 
mode that defaults to Socratic coaching 
before code generation. Andrej Karpa-
thy, in a recent interview, mentioned: 
“[As an educator,] I’m not going to 
present the solution before you guess. 
That would be wasteful…to present 
you with the solution before I give you 
a shot to try to come up with it your-
self.” The coding assistant, much like 
Khan Academy’s Khanmigo does for 
math and science, should challenge 
the learner, explain its code-genera-
tion process, quiz the learner on key 
concepts and decisions, and actively 
track their strengths and weaknesses 
throughout their interactions.

Preceptors should be able to review 
chat logs from learners to monitor 
progress, provide focused guidance, 

Figure 5. Preceptor-based organization.
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