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Abstract:

This paper investigates how the existence of different
degrees of noise in the real world affects the final results
of the classic secretarial problem by constructing a noise-
inclusive secretarial strategy model. Rather than assuming
that decision-makers know the precise rankings of all
candidates, this study has set up a situation where the
observed rankings of each candidate by the decision-
maker are subject to noise and, as a result, deviate from the
optimal probability-maximizing outcome of the classical
secretarial problem. To study the effect of this uncertainty,
the noisy secretarial strategy model also uses Monte Carlo
simulation. A set of indices for the new model environment
also includes the success rate, average selection rank and
regret value. Based on the above results, a relatively small
amount of noise will still significantly reduce the final
decision. With an increase in initial noise, the proportion of
the selected best candidate decreases significantly. Based
on the above study, the strength of the classic secretarial
problem is highly sensitive to the initial observations.
Although this strategy has almost the same success rate
in a low-noise environment, it is still not feasible for real-
world application.
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1. Introduction

updated as they are made, and hiring, in which the
candidates are interviewed in sequence. In such set-

Sequential decision making problems are basic prob-
lems in many real-world processes in which the alter-
natives are offered sequentially in time, and decisions
must be made irrevocably. Examples of such include
online auctions, in which the bids are dynamically

tings, decision makers have to take decisions based
on incomplete and evolving information, and cannot
anticipate future observations [1].

One of the classic ways of modelling such problems
is "Secretary Problem" which is to maximize the



chance of picking the best candidate in a random order.
It is best strategy is to have approximately 1/e of the can-
didates eliminated and then hire the first candidate better
than all those observed. This approach gives the deci-
sion-maker a 1/e chance of success, and its success hing-
es on the decision-maker's ability to compare candidates
by the complete observable relative rankings [2,3]. In
practical situations, however, it may be hard to maintain
these assumptions.

In practice the qualities of a candidate are not directly
visible, and decisions are frequently made on noisy or
imperfect signals (e.g. the interview, or prediction of val-
uation). More important, however, is that this noise does
not simply add noise to the voting process; it actually un-
dermines the relative ranking of candidates, which is the
key to the "secretary strategy". So it is still uncertain if the
classic optimal stopping rule will be able to keep the same
decision-making performance with noisy and real envi-
ronments [4,5].

According to this theoretical difference, this study ex-
plores the robustness of the secretary strategy in a noisy
evaluation environment. The author proposes an “esti-
mated scores with noisy secretary-based strategy model”,
where the estimated score of each candidate is randomly
perturbed.

Based on the above model, the author will systematically
examine the effect of changing noise intensity on the final
performance of the secretary strategy. A Monte Carlo sim-
ulation is used to determine how much the performance of
the classical optimal stopping rule declines in the presence
of noise and to identify the conditions under which the
secretary problem can still be performed well.

The results of this study provide new references for the
optimal-stopping strategies in various actual circumstanc-
es, such as corporate recruitment, online auctions and
sports drafts. In these actual cases, there will be some un-
certainty and information deficiencies.

This paper differs from most classic variants of the secre-
tary problem, which focus either on changing the selec-
tion goals or introducing the possibility of multiple-choice
selection, in the emphasis placed on the presence of noisy
and imperfect information in the sequential decision-mak-
ing setting. The principal novelty of this paper is to mod-
ify the secretary problem by adding an observation noise
term, but keeping the classical secretary rule unchanged.
By doing so, this paper focuses on the robustness-effects
of uncertainty on the classical optimal stopping strategy.
Moreover, this paper not only examines the probability
of choosing the best candidate, but also includes average
rank and regret as evaluation metrics to give a more com-
plete evaluation of decision quality in realistic situations.

Dean&Francis

ZIHANG XU

2. Related Works

Decision-making methods under uncertainty have been
studied in the framework of the secretary problem. The
classic secretary problem assumes that the candidates ar-
rive in a random order with equal probability. Given the
above conditions, the academic community has reached a
general consensus and usually presents this in the form of
a threshold rule for secretary strategies: reject the first n/e
candidates, and then select the next candidate whose score
exceeds all of them. Many optimal stopping theorems in
probability theory and computer science have originated
from this paper and are now in widespread use.

Based on the above classic secretary model, many other
forms of models have been proposed in recent years to
deal with scenarios where multiple candidates need to be
selected. The multi-selection secretary problem allows
the decision-maker to choose several candidates from
the sequence of candidates. For instance, in the paper "A
Multiple-Choice Secretary Algorithm with Applications
to Online Auctions", the threshold strategy is improved to
dynamic or hierarchical thresholds to support multi-round
selection. Given that most organizations use multi-round
selection processes in actual circumstances, such models
are also widely employed in practice, such as hiring.
Another main direction of research is to extend another
part of the secretary problem, that is, "value-based" and
"weighted" approaches. These models no longer aim to
maximize the probability of selecting the best candidate as
their final objective, but rather to maximize the expected
value of the candidates. For example, in "The Secretary
Problem: Weights and Discounting", a new theoretical
system is introduced that gives all candidates different
inherent values and may be discounted over time. In the
decision-making situations in real life that correspond to
such models, the result is not simply a binary choice (i.e.,
success or failure); instead, all the candidates need to be
considered in terms of trade-offs [4,6].

At the same time, the above models also address the
problem of missing information in mechanisms based
on the secretary problem. In such decision-making sit-
uations (e.g., auction items, bid quotes), candidates ap-
pear sequentially, and the decision-maker must make a
decision in a blind environment without knowing future
information. All of the above models are concerned with
decision-making under uncertainty. However, they usually
assume that the observed candidate signals are reliable
and do not consider how noise affects each candidate sep-
arately.

Therefore, in this paper, the author will add the problem of
noise in evaluations to the theory of the secretary problem
and examine its effects on decision-making performance
systematically. This paper provides an "add-on" view to
the above extensions of secretary strategies; that is to say,
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although the previous extensions have focused on adjust-
ing decision goals and structural constraints (modifying
selection conditions), the method in this paper offers a
more practical final evaluation based on the actual effec-
tiveness of secretary strategies in real-life decision-mak-
ing scenarios.

3. Methodology

First, the author will briefly introduce the classic secretary
problem in this part and then present a noisy extension
that better reflects the decisions in real life. Finally, the
author will show a simulation framework to examine the
performance of the above strategies.

3.1 The Secretary Problem

The classical secretary problem has the following as-
sumptions. Among a total of #n candidates, all candidates
appear in a random order with equal probability. The de-
cision-maker observes each candidate and immediately
decides whether to accept or reject them. Furthermore,
any rejection decision is irreversible. The objective of the
problem is to maximize the probability of selecting the
single best candidate. Since the absolute performance of
the candidates is unknown, the decision-maker can only
make judgments based on the relative rankings of the
currently observed candidates [3]. The decisive factor in
the optimal strategy lies in the “threshold rule” of the sec-
retary strategy-let » =n/e. The decision-maker first ob-
serves and rejects the first » candidates, using this group as
a reference sample. After observing the first » candidates,
the decision-maker selects the first candidate in the sub-
sequent phase whose performance exceeds that of all the
previously selected » candidates. Under ideal conditions,
the success probability of this strategy is approximately
1/e~0.3678.

3.2 The Noisy Secretary Problem

Although the classical model presumes that the deci-
sion-maker can make an ideal and open assessment of all
candidates, such conditions are not available in reality. To
address the above deficiency, the author proposes a "noisy
secretary model" in which the observed performance
scores of each candidate by the decision-maker are subject
to random noise.

Let the true performance score of the i-th candidate be

denoted by ¢,. However, the decision-maker does not see

the true performance score but a noisy version of it, where

(? ~ N(O,?o-z)) is random noise with a mean of 0 and a

variance of &. This form is for uncertainty in the eval-

uation process (e.g., interview scoring or bid valuation).
Based on the above model, a decision-maker makes de-
cisions according to a number of uncertain observations,
and finally determines whether the actual outcomes of
those decisions meet a set of ideal performance criteria.
Noise may cause the decision-maker to incorrectly rank
candidates, and thus the final result of optimal stopping
theory will not be optimal [4].

3.3 Retaining the Original Threshold Rule

The author will keep the "threshold rule" of the secretary
problem in this study and apply it to noisy observation-
al data. The specific procedure is as follows: the deci-
sion-maker first observes and rejects the first »=7n/e?
candidates, and records the candidate with the highest
observed value among the first » candidates. If no candi-
date with a higher observed value appears in the following
rounds, then the last candidate in the sequence is selected
by default. This rule will show the effect of noise on this
strategy directly, without changing the operating environ-
ment for the secretary.

To isolate and study the effect of noise more directly, the
author intentionally kept the threshold rule of the secre-
tary strategy. Thus, one can assess how robust the original
stopping rule is in the presence of imperfect information

[1].
3.4 Experimental Details

To evaluate the performance of the noisy secretary model,
the author conducted multiple Monte Carlo simulations
with varying numbers of repetitions under different noise
distributions.

In each simulation, n candidates were generated, each

with a corresponding true performance observation g,

(observations were randomly generated from U(0,1)).
Gaussian noise is added to each candidate’s score (noise is
generated from a N(0,0°) distribution). By adjusting the
overall noise level o, the noise distribution for each round

of experiments is varied. Add this g, to obtain the noisy

observation for each candidate g,. Randomly shuffle the

order of all original candidates to simulate their arrival
process.

Apply the noisy observations to the secretary strategy
using the predefined threshold rule. Apply this secretary
strategy to each simulation and record the candidate se-
lected by the decision-maker in each instance. Analyze
whether they were the optimal candidate and calculate the
true rank of the selected candidate within the entire candi-
date list



This study repeats this process multiple times to estimate
the following metrics. The final success rate of the secre-
tary strategy after all experiments (i.e., the probability of
selecting the truly optimal candidate). The average rank
of the selected candidate’s true observation. Through
multiple simulation experiments, the author analyzed how
uncertainty (noise) affects the secretary’s decision-making
performance and overall robustness. This experimental
framework quantifies the extent to which the performance
of the optimal stopping strategy degrades as noise intensi-
ty increases.

4. Result

4.1 Baseline Validation Under Perfect Informa-
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tion

The author first evaluates the decision-making perfor-
mance of the secretary strategy under an ideal setting
where there is no noise (i.e., when all o =0). As shown
by the simulation results in Fig. 1, under the premise that
the threshold rule satisfies » =n/e in all cases, as the
number of simulations runs increases, the probability of
the secretary strategy selecting the best candidate in the
ideal scenario peaks at the point n/e. This confirms that
the threshold people selected indeed maximizes the prob-
ability of selecting the best candidate, and this result also

demonstrates the fundamental accuracy of the secretary
strategy.

Fig. 1 Secretary success rate trending under r=n/e assumption.

4.2 Effect of Noise on the Success Probability

The most interesting finding in the noisy secretary experi-
ment investigated here is that as the level of noise increas-
es, the chance of eventually choosing the best candidate
decreases quickly. The final success rate in all repetitions
of the simulation has a downward trend even with rela-
tively low noise levels.

The trend is clearly seen in the Fig. 2 describing Success
Rate under Different Noise Levels. The three subplots
show the success rate trend for candidate pool sizes of
50, 100 and 200 candidates respectively, whereas the col-
ored curves are the simulation runs of 100, 1, 000 and 5,

000 iterations respectively. For example, if o =0.1, the
success rate will drop from about 37% to about 13%; that
is, it will fall by more than 60%. As the noise fluctuation
increases further (¢ > 0.5), the success rate will be very
low (about 3%-5%) and perform only slightly better than
random selection ( 100%/n ), with an improvement of
only about 1%.

Based on the above results, the effectiveness of the sec-
retary strategy is relatively sensitive to the amount of
observable data for decision-makers. Even a small differ-
ence between the actual score and the estimated rank will
significantly lower the final success rate of the secretary
decision-making mechanism [4].
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Fig. 2 Success Rate under Different Noise Levels

4.3 Degradation of Selection Quality (Average decision-making ability in all the experiments, the author
Rank Analysis) added a new indicator of performance: "average rank" (the
mean rank of selected results); a higher average rank val-
ue generally suggests poorer overall performance and can
help observe the effect of noise.

Although the success rate shows how often the best single
candidate is selected, it fails to reflect the quality of all
choices in multiple experiments. To determine the general

Fig. 3 Average Selected Rank under Different Noise Levels
As shown in the Fig. 3 about "Average Selected Rank un-  mation by the decision-maker (i.e., no noise), the average
der Different Noise Levels", the mean of the rank values is  rank values for a total of 50, 100, and 200 candidates are
gradually increasing with an increase in the overall noise  11.29, 17.68 and 38.09 respectively (corresponding to the
fluctuation. Under ideal conditions with complete infor-  top 22.58%, 17.68% and 19.05% of all rankings). When



the noise is relatively large (6=1.5), the mean ranks are as
follows: 14.85, 28.45 and 55.73, corresponding to the top
29.69%, 28.45% and 27.86% of all scores, respectively.
Although the model has some noise variations and thus a
lower average rank, it can still select candidates from the
top 30% of the entire score pool for the secretary.

A monotonic increase is therefore a relatively steady dete-
rioration of decision quality. Although it is not as steep a
decline in success rate, the average rank is also relatively
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high, and therefore the algorithm will still be able to iden-
tify some relatively good candidates [7].

4.4 Regret Analysis and Decision Loss

To further quantify the impact of noise on secretary strat-
egy, the author created and analyzed the "average regret"
metric (the higher the average regret value, the lower the
quality of the selected candidates).

Fig. 4 Average Regret under Different Noise Levels

According to the trend presented in Fig. 4 about "Average
Regret under Different Noise Levels" graph, all curves
show a consistent upward trajectory overall. Compared to
success rate and average rank, average regret more direct-
ly reflects the cost corresponding to the value of a chosen
objective.

In reality, as noise fluctuations increase, the overall trend
of average regret begins to rise. In a noise-free environ-
ment with o =0, the average regret value is approximate-
ly 0.18-0.20. However, when the noise variance increases
to o =1.0, the average regret rises to around 0.38-0.4,
meaning the decision loss nearly doubles [8].

Another important observation is that the results remain
highly consistent across different simulation scales. While
there are significant fluctuations in the results obtained
from 100 repeated simulations, the stability of the esti-
mation results improves significantly with a substantial
increase in the number of simulations (1000 or 5000).
This summary of results indicates that the decrease in the
effectiveness of the secretary strategy due to increased
noise (e.g., decreased success rate, increased average rank,
increased average regret) has been confirmed by multiple

simulation experiments and is not due to randomness.

4.5 Real-World Applications: Recruitment and
Online Auctions

The observed noise effects described above can be direct-
ly applied to real-world decision-making environments.
In recruitment scenarios, a low noise level (6= 0) corre-
sponds to a decision-making environment where all can-
didate information is highly reliable, such as structured
technical interviews or standardized testing environments.
In this case, the secretary strategy is a highly effective
stopping strategy because the observed experimental re-
sults accurately reflect the performance of the selected
candidates in that ranking.

However, in more realistic environments with deci-
sion-maker subjectivity, such as behavioral interviews,
cultural fit assessments of interviewers, or incomplete re-
sume information, noise fluctuations significantly increase
and become unpredictable. These conditions represent
the moderate noise level in this study (ranging from ¢ =
0.2 to 0.5), and the results show that the effectiveness of
the secretary strategy declines significantly in such deci-
sion-making situations. This extended study of the sec-
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retary problem emphasizes the criticality of "incomplete
information" and "candidate value heterogeneity" in deci-
sion-making environments. In this model, decision quality
depends not only on the order in which candidates appear
but also on the reliability of candidate information [9].

In the decision-making scenario of online auctions, noise
fluctuations mostly stem from incomplete information
about the value of the auctioned item or the behavior of
bidders. Bidders may have incomplete information about
the auctioned item and the auction environment, be influ-
enced by strategic incentives, or have behavioral biases
among different bidders, resulting in bidders' bids failing
to reflect the true value of the auctioned item. This situa-
tion is more likely to occur in high-noise decision-making
environments (i.e., =0.5) in this study. According to
the experimental results of this study, in such scenarios,
the performance of the secretary strategy is only slightly
better than random selection. It is worth noting that previ-
ous studies on the "multiple-choice secretary algorithm"
in auction environments have pointed out that allowing
multiple candidates to be selected simultaneously can al-
leviate the limitations caused by this noise to some extent
[10].

Equally important, when the noise fluctuation is extreme-
ly high (i.e., o>=1), this setting means that the observed
information in the decision-making environment is almost
completely without reference value. In practice, this re-
flects the extreme unreliability of the decision-maker's
evaluation process or the serious information asymmetry,
resulting in almost no meaningful signal from the candi-
dates being obtained during the decision-making process.
Although such conditions are extremely rare in well-in-
formed decision-making environments, this situation
represents a crucial critical point: once the noise variance
exceeds o =1, the secretary strategy and more broadly,
any ranking-based decision rule loses its effectiveness and
approaches the effect of random selection.

4.6 Limitations

While this study reveals the limitations of the secretary
strategy in noisy decision-making environments, caution
is still needed when interpreting its findings.

First, the noise model used in this study assumes that all
noise pre-assumptions are independent and Gaussian dis-
tributed. This assumption cannot fully simulate the errors
in some real-world cases, and in most real-world cases,
the randomness and unpredictability of errors are extreme-
ly high. Second, even in high-noise environments, the
secretary strategy retains some structural characteristics
(it is still based on relative comparison, and the results are
still better than completely random selection), indicating
that the strategy has not completely failed, but has merely

become unreliable.

Moreover, the original secretary problem assumes that
the decision-maker is able to provide true information
about the candidates' rankings, and that is not the case in
real-world decisions, where imperfect proxy variables are
used. Even in the most typical situation of the "secretary
problem" with a "company recruitment", noise is still
present. This gap between theoretical pre-assumptions and
the real world is what this study is revealing as degrada-
tion of decision-making performance.

Conclusion

In this paper the author presents some random noise in
the system and further elaborate on the classic secretary
problem, all in an effort to model the real world deci-
sion-making environment more faithfully. While for opti-
mal decisions under ideal conditions (all constraints and
information satisfied), the secretary strategy is the most
effective, the results have proved that the performance of
this strategy decreases sharply when real world factors
(noise) become more and more prevalent.

Indeed, if the noise level is not high, the noise it adds to
the selection mechanism itself results in a significant re-
duction of the success rates. At the same time, the average
ranking and regret values do monotonically increase as
the number of steps increases, showing the secretary strat-
egy to be very sensitive to the accuracy of the information
on which it is based; the assumption of reliable rankings
is critical to its optimal behaviour.

In a noisy environment, the robustness of the secretary
strategy is relatively low, and it is reliability is not consis-
tent. In the practical aspect, the results gained after adding
noise show that there are some discrepancies between
these ideal preconditions of the optimal stopping model
and the real world conditions. When the information about
candidates is incomplete, as in the case of recruitment or
online auctions, applying the classic secretary directly
leads to unstable outcomes in the decision. The conclu-
sion is that in order to make decisions more stable under
real-world conditions, one needs to enrich the classic
secretary problem with some mechanisms, like the multi-
ple-choice rules, or weighted decision rules.

To sum up, this study underlines that in practice the accu-
racy of the pre-assumptions of the classic secretary prob-
lem is of crucial importance in determining the optimal
selection criteria. Future work may involve secretary strat-
egy models which are able to ignore noise and thus better
model real-world disruptions due to noise instability.
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