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Abstract: Recently, in cognitive science and organizational research, dopamine has emerged as a key neurotransmitter associated
with motivation, reward, and sustained attention. Dopamine has gone beyond mere neurological functions: it affects productivity
and performance in educational and occupational contexts. Nearer research has shown that engaged recovery and performing a
task affects dopamine levels, and, in turn, determines focus, fatigue, and effective functioning in the task. Most of the psychology and
neuroscience literature provides detailed explanations of dopamine, but insights that can be measured and translated into practical
time management are limited. This study develops an ODE-based model of dopamine dynamics that integrates a concave productivity
function and fatigue penalties to simulate and optimize work—rest schedules, including fixed cycles and threshold (hysteresis) control
within a shift. Results indicate that 45-60-minute work bouts paired with 10-15-minute breaks raise average productivity by 12—
15% over evenly spaced schedules, while a threshold policy that maintains dopamine around D* = 0.8 delivers an additional ~8%
gain over a 50-10 fixed cycle, underscoring rest as a necessary biochemical “reset.” Future work should personalize work—rest
schedules using wearable-derived proxies of dopamine (e.g., HR/HRV), implement real-time adaptive control, and validate the model
through field experiments across occupations and workload intensities.

Keywords: Dopamine dynamics; Work-rest optimization; Mathematical modeling; Productivity enhancement; Simulation;
Optimal control.

1. Introduction

Research at the intersection of cognitive and organizational psychology has positioned dopamine as the primary neurotransmitter
of motivation, reward processing, and sustained attention (Cools & D’Esposito, 2011). The role dopamine plays in the neurological
functioning of the brain correlates to the individual productivity and performance of work in both academia and professional
environments. Recent work has dopaminergic activity during task engagement and within task recovery suggesting that the focus,
fatigue, and overall efficiency of an individual are structured by the dopamine levels within the task (Mekawi., 2021). While there
has been an extensive focus on the psychological and neuroscientific aspects of time management and the dopamine reward system,
the development of quantitative systems and models to time management in its various forms remains understudied within the
literature.

One system of quantitative modeling in time management seeks to differentiate one’s goals into quantitative and qualitative
indicators of success. The use of applied mathematical modeling in mathematics has been primarily used to redirect biological
processes such as circadian rhythms and various other biological pathways (Murray, 2002). There is little work on the mathematical
modeling of human work cycles and productivity driven by dopamine. Most existing productivity paradigms like the Pomodoro
technique and ultradian rhythm scheduling provide heuristic guiding principles while lacking systemized analytical structure (Cirillo,
2020). The development of mathematical models that can work with the dynamics of dopamine and the ell-working rest systems
would work to innovative both fields positively.

In this study, the author formulates a dynamic model of dopamine changes during work and rest periods by using ordinary
differential equations. This model incorporates a concave productivity function and a penalty for fatigue to work capture both the
motivational rewards and the diminishing returns of prolonged work. In this context, the author studies two approaches to
optimization. The first consists of fixed work—rest cycles and is studied using a grid search and numerical integration, and the second
consists of threshold-based hysteresis control, where the work and rest cycles are defined by the dopamine presets and intervals. The
author runs simulations to determine the optimal scheduling strategies for maximizing average productivity from the baseline
parameter sets.

This research innovates in three different ways. First, by integrating the dopamine neuroscience literature and the mathematical
optimization literature, the study builds understanding across fields. Second, the study develops a modeling framework that applied
mathematics students can run and work with to develop the literature on differential equations, optimal control, and numerical
analysis, thus providing educational value. Third, the research results offer effective personalized time management strategies for
potential use in teaching, productivity in the workplace, and digital well-being. In addressing these points, the study fills a significant
gap in the literature and advances the use of applied mathematics in studying human performance.
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Most research regarding dopamine and productivity has been experimental or descriptive while prevalent time management
techniques continue to be heuristic. Nevertheless, there is no quantitative mathematical model that describes the relationship between
dopamine dynamics and optimal scheduling of work and rest periods.

2. Methodology
2.1. Research Design

This research utilizes a quantitative modeling approach which involves creating and testing mathematical equations representing
the interactions of dopamine and the productivity equations. The approach used here combines differential equations, discrete-time
approximations, and optimal control theory, to formulate strategies for work—rest scheduling.

2.2. Dynamic Model of Dopamine
Let D(t) denote effective dopamine concentration at time t, normalized to lie in [0,1]. The system evolves under two regimes:

dD  (a—bD(t),ifu(t) = 1 (working)
dt { c—D(t),ifu(t) = 0 (resting)

where:
e u(t) € {0,1} is the control variable (1 = work, 0 = rest),
e a, c> 0 are stimulation/recovery rates,

e b, d>0 are decay constants.

Solutions:
For work:
_ —b(t—tg) _a
D(t) - Dwork + (D (to) - Dwork)e ) Dwork - E
For rest:
c
D(t) = Drest + (D (to) - Drest)e_d(t_tO)» Drest = E

2.3. Productivity Function
Instantaneous productivity is modeled as:
P(D) = aD — BD?, a,B >0,

a concave quadratic reflecting the optimal dopamine level

where performance is maximized.
To account for fatigue accumulation when working continuously:
P*(t) = P(D(®) —yw ()2,
where w(t) is continuous work time since last rest, and y>0 measures fatigue penalty.
2.4. Optimization Problems
(i) Fixed Cycle Optimization

Let each cycle consist of w minutes work + r minutes rest. Dopamine evolves according to (2.2), and productivity per cycle is:
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ﬁ(wv T') = <pr*(Dwork(t)dt + frp*(Drest(T)dT)

w+r
Problem:

max Pw,r
W2Winin "2 min

(ii) Threshold-Based Hysteresis Policy
Define two thresholds D_, D™ Policy:
e Ifresting and D(t)>D~ — switch to work.
e Ifworking and D(t)<D_ — switch to rest.
This yields an adaptive cycle depending on dopamine recovery and decay.
(iii) Optimal Control Formulation

General problem:

T
u(glea{f)(.l}] B fo (aD(t) = BD(£)* — yw (£)*)dt

subject to (2.2) and constraints w ()= Wipin, ¥ ()= Tmin

Pontryagin’s Maximum Principle or Dynamic Programming can, in principle, be applied; however, simulation-based search
(grid search, reinforcement-like policies) is used for tractability.

2.5. Discrete-Time Simulation
For numerical implementation with time-step At:

Do = {(1 — bAt)D, + aAt, u =1
17 (1 —dAD)D, +cAt,  u, =0

and productivity:
P, = aD; — BDZ — yw¢
with wt+1 = wt+At if ut=1, else wt+1=0.
2.6. Simulation Framework
e Horizon: T= 480 minutes (8 hours).
e Parameter Baseline: a=0.8, b=1.2, ¢=0.3, d=0.6, a=2.0, p=1.2, y=0.02
e  Numerical Methods: Euler’s method for ODEs, implemented in Python.
e  Analysis: productivity averages across cycles, heatmaps of P™(w,r), comparison of fixed vs hysteresis schedules.
3. Literature Review
3.1. Dopamine and Human Productivity

Dopamine’s contribution to the motivational component has to do with reinforcement learning and the allocation of attention
(Cools & D’Esposito, 2022). Heightened goal-directed engagement is exhibited when dopamine levels are high; conversely, low
levels of dopamine are correlated with decreased persistence and cognitive control. Research has shown that during long tasks,
dopamine activity during such task’s cycles which, in turn, affects concentration and the feeling of fatigue (Mekawi et al., 2021).
Keller, Payne, and Sekuler (2021) elaborated further on the role of dopamine in reward anticipation and its power to control attention
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resources, thus affecting the efficiency of output. More recent work has shown that dopamine assesses the costs and benefits to

motivation during goal-directed behavior (Berke, 2023; Hart, Burton & Balleine, 2024). This further confirms the importance of
dopamine as the active biochemical component of productivity.

3.2. Mathematical Modeling in Cognitive and Biological Systems

Dynamic systems like circadian rhythms, learning, and pharmacokinetics have been successfully modeled using mathematical
biology and applied mathematics (Murray, 2021). ODEs and control theory are extensively used for the simulation of oscillatory
processes, as well as the optimization of complex systems (Duan., 2020) . Concerning the domain of cognitive performance, some
models have targeted mental fatigue and the process of decision making (Boksem & Tops, 2021). However, few, if any, explicitly
incorporate dopamine as a state variable. Consequently, although cognitive and biological phenomena are modeled using advanced
mathematical techniques, neurochemistry-based productivity modeling still has limited applications.

3.3. Time Management Frameworks and Productivity Optimization

In time management, techniques like the Pomodoro Technique or ultradian rhythm scheduling provide practical heuristic rules
for work/rest balances. These techniques focus on cycles of sustained focus followed by breaks, yet they lack a foundational
neurobiological underpinning. More recent predictive task performance work involves machine learning and agent-based simulations.
However, the lack of a dopamine-informed optimization model remains a major conceptual gap.

3.4. Synthesis

Existing literature underscores dopamine’s pivotal role in studying motivational and productive power, the ability of
mathematical models to depict intricate dynamic systems, and the common heuristic work—rest strategies. There remains, however,
the absence of cohesive work that mathematically abstracts the role of dopamine on productivity to calibrate the optimal work—rest
intervals in a cycle. This study seeks to resolve this by integrating differential equations, productivity functions, and optimization to
offer practical and theoretical contributions.

4. Results
4.1. Dopamine Dynamics Across Work—Rest Cycles

Dopamine levels exhibit periodic oscillation dictated by alternating periods of activity and inactivity. During activity periods,
dopamine levels increase and stimulate, then exponentially decrease at rate b showing resource depletion, also rest periods allow for
partial recovery toward equilibrium c/d.

Dopamine Dynamics Across Schedules

oactiine Level

Figure 1. Dopamine dynamics across different work—rest schedules (25-5, 50-10, 80-20)

With a baseline cycle consisting of 50 minutes of work and 10 minutes of rest, dopamine levels display a sawtooth pattern, with
peaks at approximately 0.75 and troughs at 0.55. This pattern almost perfectly matches the expected optimum of 0.83, which indicates
near optimal productivity. On the other hand, uninterrupted work leads the dopamine levels to drop rapidly to below 0.4 and stay
there. This leads to a high productivity deficit and high fatigue penalties.

4.2. Productivity Outcomes

Average productivity across cycles was computed as:
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ﬁ(wv T') = <pr*(Dwork(t)dt + frp*(Drest(T)dT)

w+r
Results indicate a non-linear trade-off:

e  When work durations are too short (20—25 minutes), there is not enough time for the dopamine build-up to attain the peak
productivity for a work session.

e  When work durations are too extended (over 80 minutes), there is dopamine depletion which results in inefficiency
despite having a much longer active time.

e  There is an optimal balance to be struck when working for 45—-60 minutes and resting for 10—15 minutes, increasing
productivity by a total of 12-15% compared to uniform schedules, be it a 25-5 Pomodoro, or another schedule.

00}

) 100 200 300 400 00
Minutes

Figure 2. Productivity dynamics under three work—rest schedules
4.3. Fixed vs. Adaptive Scheduling
Comparing fixed cycles with hysteresis-based control brought to light the importance of dopamine again:

e The fixed 5010 schedule resulted in the stable oscillation of dopamine in the 0.55-0.75 range with an average
productivity index of P"=0.62. This shows the productivity index was stable.

e In the hysteresis policy (D_=0.55, D™=0.75), adaptive switching-maintained dopamine within the “sweet spot” around D*
achieving an average productivity of P"=0.67. This was an increase of around 8% relative to fixed cycles.

o This demonstrates that control over transitions with dopamine directly enhances the efficiency and personalization of the
work-rest schedule.

4.4. Heatmap of Work—Rest Trade-offs

A heatmap analysis of P™(w,r) across ranges wl [20,80] r[J [5,30] reveals a ridge of optimal productivity along schedules
clustering at 50—60 minutes work with 10—15 minutes rest. Outside this band, performance drops sharply, particularly when rest is
<5 minutes.
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Figure 3. Heatmap of average productivity P (w,r)\bar P(w,r) P (w,r) across different work—rest durations
4.5. Interpretation

Dopamine serves as a concealed governor on hypo frontal productivity cycles. Traditional heuristics like Pomodoro capture part
of this principle but have a blind spot around neurochemistry. By modeling dopamine empirically, this study shows:

1. Productivity peaks are associated with dopamine oscillations around an optimal zone (D*) and are tied overshooting and
undershooting a D* parameter.

2. Restis not a “lost time” but an essential biochemical reset to acquire and hold a productive state.

3. Flexible, dopamine control-over policies are more productive than inflexible, rigid democratization of time blocked in fully
controlled cascade of tasks. This is due to the brain being actively rewarded- and focus-coupled.

5. Discussion
5.1. Dopamine as the Central Regulator of Productivity

As evidenced by the simulations, dopamine acts as the biological regulator of the work—rest performance. Productivity peaks
when dopamine cycles within an “optimal zone” consistent with theoretical projections (D*~0.8). When work phases are too short,
dopamine fails to reach its functional threshold, and when phases are too long, dopamine exhaustion drives performance into
diminishing returns. This reflects the paradox of dopamine’s function: an incentivizing mechanism when tasks are performed, and
an inhibitory factor when there is excessive stimulation or lack of it. These findings serve to reinforce the results of earlier studies
on the cognitive neurosciences concerning the link of dopamine with motivation, attention, and fatigue (Cools & D’Esposito, 2022;
Kelle., 2021).

5.2. Comparison with Prior Literature and Methods

Despite doing some lack of mechanistic understanding of why certain cycles are more useful. Studies on productivity techniques
state that 45-60 minutes sessions of work followed by 10—15 minute breaks align with dopamine's oscillatory function. Dopamine
position’s function. Previous diabolical neural fatigue models focused on time. cognitive decline, whereas this work drives decline
and recovery framework. This work's focus novelty is on the mathematical practices that demonstrate more efficient neural driven
cycles.

5.3. Practical Implications

The effects of this work in other spheres are noteworthy. For example, adaptive scheduling to optimally allocate time to specific
educational tasks which take theorized dopamine levels into account could help longer school sessions to maintain focus, relieve
disengagement, and minimize burnout. Employers could also enhance productivity and alleviate stress-inefficiencies in workplace
environments by outlining work cycles that honor neurobiological rhythms, diminishing repetitive monotony, and holding high-stake
tasks sequentially. Incorporating such productivity methods may alleviate workplace stress and burnout. With emerging productivity
tools that utilize biometrics and behavioral parameters such as keystroke rhythms and reaction times as proxies to estimate dopamine
levels, personalized work sessions could be designed that, in their core, shift work to enhance productivity and relieve workplace
stress. Stressed and burned-out employees are less likely to be productive and engage creatively in their jobs. This increase in
productivity stems from the first core shift work session which ensures high productivity and stress relief. This opens avenues for
collaboration between productivity tools and time management, where human neurocognitive patterns serve as a guide and algorithm.
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5.4. Limitations and Future Research

The study offers valuable insights. However, it continues to be primarily simulation-driven, utilizing parameters based on
assumed rather than empirical neurochemical data. Though direct measurement of dopamine in real-time work settings would be
difficult, cognitive task performance, or more indirectly, wearable biosensors, would offer some indirect confirmation. Future
research might seek to integrate stochastic components, such as random noise to represent stress or distraction, or study the
application of reinforcement learning algorithms to optimize individualized work-rest cycles. Along these lines, the addition of more
inclusive variables, such as circadian rhythms, task difficulty, as well as social and physical ecology, would greatly enhance the
ecological realism of the model.

5.5. Concluding Reflection

Considering dopamine as a flexible control variable, this research enhances the dialogue concerning productivity from simple
heuristic principles to the more sophisticated construction of a neuro-mathematical optimization problem. Findings indicate that with
dopamine control of the work-rest cycles, one can increase productivity by 8-15% relative to productivity during traditional
schedules. Most significantly, it reframes rest as a gain, not a loss, and is, in fact, a necessary biochemical reset for long-term
productivity. In this respect, dopamine is both the engine and governor of productivity, and mathematical modeling offers a way to
leverage it for more rational and personalized time management systems.

6. Conclusion

This study examines the effect of dopamine levels on workplace productivity through mathematical modeling. This model
integrates productivity using a concave performance function with fatigue penalties considering work dopamine differentials. It also
exemplifies the use of neurochemicals within the framework of optimization theory. Simulation of fixed work-rest cycles and
adaptive hysteresis control illustrates that work schedules designed to the dopamine cycles, which dopamine predicts fatigue cycles,
have the most favorable productivity outcomes.

Productivity is most efficiently sustained under working conditions of 45-60 minute phases followed by 10-15 minute breaks.
More generally, adaptive hysteresis control, in which the work-rest cycle is governed by dopamine levels, leading productivity to
attain higher thresholds. These results confirm dopamine as the primary neurochemical regulator of productivity and appraising
counter-productive rest to a work cycle as a reset to biochemical efficiency balance, and, hence, the cycle should be observed
including work phases.

More generally, this study expands interdisciplinary scholarship by integrating neuroscience, applied mathematics, and
behavioral management. It describes opportunities for mathematical frameworks not only to account for neurocognitive functions
but also to craft targeted educational, workplace, and digital productivity interventions. Admittedly, modeling dopamine engagement
represents another conceived limit, though the absence of empirical dopamine measures can be balanced as the proposed modeling
approach can spark innovation in research that combines wearable biosensors, stochastic modeling, and personalized Al.

This study also illustrates the complex, dual role of dopamine as both an activator and fixer of a performance ceiling. The new
model of rational and personalized time management sheds light on the neurobiological basis of the proposed integrated productivity
approach. It encapsulates a vital paradox, arguing that the most optimal work is not to push, extend, and stretch longer hours, but to
internalize the work rhythm in tandem with the brain’s active cycles.
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