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ABSTRACT

This study reformulates psychological safety interventions in team contexts within the Free Energy
Principle (FEP) and active inference framework, focusing on sustaining their effects through the sense
of agency. Psychological safety—uvital for learning, performance, and innovation—often declines over
time, with initial improvements fading due to organizational inertia. We identify the sense of agency,
the feeling that one’s actions causally influence outcomes, as a key driver linking psychological safety,
intrinsic motivation, and active participation in teams. Using FEP, we model the sense of agency as
negative free energy and psychological safety as prior preferences minimizing expected free energy.
Analytical results show: (1) greater prediction errors reduce the sense of agency; (2) adaptive
interventions require dynamic tuning of prior variances—encouraging flexibility in novel phases and
precision as familiarity grows; (3) psychological safety increases when predicted states align with
desirable states; and (4) widening prior preferences supports safety under high expected prediction error,
while narrowing preferences stabilizes mature settings. These findings translate interventions into
quantitative operations on prediction distributions and prior preferences, offering design principles for
feedback consistency, goal clarity, and staged precision-flexibility balance. By integrating sense of
agency and psychological safety into a unified probabilistic framework, this study provides reproducible,
behavior-level guidelines for sustaining learning-oriented team environments, advancing beyond
atmosphere-focused approaches toward dynamic, uncertainty-aware organizational designs.
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1 INTRODUCTION

Design processes for creating new value—such as design thinking [1], [2] or innovation of meaning [3],
[4]—require the coexistence of multiple, sometimes conflicting, interpretations. In innovation of
meaning, value arises not from functional optimization but from reinterpretations of meaning [5], [6]
among diverse project members and stakeholders. For such reinterpretations to occur, teams must
welcome differences in assumptions, vocabularies, and evaluative criteria. Yet, this process often
involves confessions of ignorance, challenges to implicit norms, and risks of interpretive mismatches,
which can suppress open dialogue. Here, psychological safety—the shared belief that one can voice
dissent, propose unfinished ideas, ask questions, and reframe issues without fear of punishment [7]—
becomes indispensable. It serves as the infrastructure enabling iterative divergence and convergence of
interpretations, rather than a mere cushion that removes tension.

Since Google’s “Project Aristotle” identified psychological safety as essential for high-performing
teams [8], organizations have eagerly implemented interventions to enhance it. However, research has
shown that when psychological safety is pursued in isolation, it can drift into “comfort zone,” where
openness and support degenerate into complacency and diminished accountability [9], [10]. In such
cases, teams initially experience greater candor and participation, but over time norms of passivity and
risk-aversion re-emerge, undermining performance and innovation. To address the problem of
psychological safety devolving into a “comfort zone,” we focused on the sense of agency—the feeling
of being the agent of one’s own actions [11], [12], [13].

The sense of agency evokes feelings of enjoyment and responsibility [14], [15]. Moreover, as an intrinsic
reward, it fosters intrinsic motivation and autonomy [16], prompting voluntary behaviors such as sharing
unfinished ideas, revisiting prior agreements, and questioning implicit assumptions. However, without
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assurances of “non-punishment” and “reversibility,” even intrinsically motivated members may
withhold contributions due to perceived social risks. Therefore, sustaining creativity and the
reinterpretation of meaning in teams requires the intersection of psychological safety (social assurance)
and the sense of agency (intrinsic motivation and autonomy).

To formalize this intersection, we apply the Free Energy Principle (FEP) and active inference [17], [18],
[19]. Under FEP, cognitive systems act to minimize prediction error—quantifying surprise and
uncertainty. By modeling the sense of agency and psychological safety within the FEP framework, we
reinterpret interventions not as mere “atmosphere building,” but as the control of generative model and
policy selection. This enables the design of interventions with greater reproducibility for sustaining both
sense of agency and psychological safety. Our study thus reconceptualizes sense of agency and
psychological safety as problems of designing generative model and actions under uncertainty,
providing a theoretical framework for effective interventions.

2 METHODS

2.1 Free energy principle

The Free Energy Principle (FEP) is an information-theoretic account of the brain, positing that
perception, learning, and action are determined to minimize free energy. Free energy itself represents
prediction error under uncertainty. The framework extending the FEP to action is known as active
inference, in which actions are selected to minimize the expected free energy, i.e., the free energy
anticipated in the future.

To model the sense of agency and psychological safety using the FEP, we define actions, states, and
observations. The agent alters external states through its actions and perceives those states through its
observations. In this study, to model the sense of agency and psychological safety when voicing ideas,
questions, concerns, doubts, and mistakes, we define actions, states, and observations as follows:

e  Action: Speaking behaviors such as presenting ideas, questions, concerns, doubts, and mistakes

e  State: Others’/team’s evaluations of speech (acceptance/rejection/ignoring, etc.)

e  Observation: Reward/punishments from others/the team following speech

In the FEP, based on the above definitions, the prior distribution, likelihood, and prior preference—key
elements of the generative model—are specified. Once these elements are defined, the free energy and
expected free energy, which serves as the cost functions for perception and action, can be computed.
They are defined as follows:

e  Prior distribution: the distribution of states predicted from actions

e Likelihood: the mapping between states and observations

e  Prior preference: the distribution of desirable states

2.2 Mapping sense of agency to free energy
In comparator models, the larger the difference between predicted sensory feedback and actual sensory
feedback (prediction error), the lower the sense of agency [20], [21], [22]. Meanwhile, it is known that
the sense of agency is often experienced illusorily. Explaining this phenomenon requires prediction
errors that consider uncertainty. In our prior studies [23], [24], [25], we proposed the free energy model
as a model of sense of agency incorporating uncertainty. In the free energy model, the prediction error
considering uncertainty is defined as the free energy minimized by perception, and its negative value,
the negative free energy, is used as an index of the sense of agency. The negative free energy is given
by:

—F = —E4(5)[Inq(s) —Inp(s,0)] = Inp(o) (q(s) = p(s|o)) (1)
Here, q(s)denotes the recognition distribution of state s, p(o, s) represents the joint distribution of state
s and observation o (generative model), and p(0) denotes the probability of observation 0. When the
recognition distribution q(s) matches the posterior distribution p(s|o) through perception, the free
energy coincides with the information content of observation o. If a low-probability event is observed,
the free energy becomes large, and therefore the sense of agency becomes low.

2.3 Mapping psychological safety to expected free energy

In active inference, agents choose policies that minimize expected free energy. Prior preferences specify
the distribution over states that an agent considers desirable and guide policy selection. In this study, we
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associate psychological safety with prior preferences over evaluations by others or the team obtained
after speaking that minimize expected free energy. Prior preferences that minimize expected free energy
increase the probability of making utterances. Thus, psychological safety is modeled as expected free
energy minimized through prior preferences, playing the role of adjusting the probability of speaking
actions. The negative expected free energy in active inference is defined as:
—G = —Eq(s, 01m) [Ing(s|m) —Inp(s, o|m)]

= Eqcs, 0im[Ing(slo,m) —Inp(s|m)] — Eqsimy[lnq(s|m) — Inp(s|C)] + Eqoim[Ing(olm)]  (2)
The second term is the risk term, defined as the KL divergence between the distribution of states s
predicted from policy 7 and the distribution of desirable states s under preference C. Since the prior
preference p(s|C) appears only in the risk term, the prior preference that minimizes risk is identical to
the one that minimizes expected free energy. We position psychological safety as risk minimization
within the expected free energy minimization through prior preferences. That is, risk minimization
corresponds to choosing policies 7 that bring the predicted state distribution closer to the desirable state
distribution. Formally, psychological safety is defined as minimizing the difference between predicted
and desirable states through prior preferences, directly influencing the probability of action selection.
This formalization enables interventions on psychological safety to be understood uniformly as
adjustments of prior preferences that minimize risk. In this way, psychological safety is redefined not
merely as a psychological concept but as a probabilistic constraint guiding policy selection over
speaking behaviors—an environmental parameter for expected free-energy minimization. Interventions
to enhance psychological safety can then be understood as operations that alter the probability
distribution of speaking behaviors through adjustments to prior preferences.

2.4 Analysis of free energy and expected free energy
To examine mechanisms of sense of agency, we assume normal distributions for the prior distribution
p(s) and the likelihood p(o|s) and manipulate their means and variances:

2
p(s) = exp(—%) ©)
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We analyze how the prior affects the sense of agency (negative free energy) and thereby quantitatively
derive features of prior distribution that heighten sense of agency.

In this study, we map psychological safety to the desirable state distribution and design interventions
that minimize expected free energy by adjusting prior preferences, thereby enhancing psychological
safety. Assuming all the prior distribution, likelihood, and prior preference are normal distributions, and
varying parameters of prior preference, we numerically analyze impacts on expected free energy:
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This yields what kinds of prior preferences promote psychological safety.
3 RESULTS

3.1 Analysis results of negative surprise
Negative free energy is defined as:
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where (i, Gg are the mean and variance of the prior distribution, and y;, o those of the likelihood. The
difference between the prior distribution and likelihood means is interpreted as prediction error. The
partial derivative with respect to the prediction error |up - ,ul| is:
o0(—=F)  |up—m
-T2
0|y — op T 0
showing that negative free energy decreases monotonically as prediction error increases; that is, the

sense of agency declines as prediction and observation diverge.
The partial derivative with respect to the prior variance 0'5 is:

2
0-F) _ iy~ = (o + ) [< O (1o = ul” = (o3 + )
2 Aop +of) >0 (| —sul” = (03 + 7))

Thus, when prediction error is small, increasing prior variance decreases negative free energy; when
prediction error is large, increasing prior variance increases negative free energy. The results of this
analysis are shown in Figure 1. In Figure 1, the interaction between the prediction error and the prior
variance can also be observed.
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Figure 1. Analysis results of negative free energy. The horizontal axis represents the
difference between the expected values of the prior distribution and the likelihood (prediction
error), the legend indicates the variance of the prior distribution, and the vertical axis
denotes the negative free energy.

3.2 Analysis results of expected free energy
With the prior distribution, likelihood, and prior preferences modeled as normal distributions, negative
expected free energy is:

: L o (11)
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Here p,, 0 are the mean and variance of the prior distribution, ¢ is the variance of the likelihood, and
p> Op > 0] )
Uc, 02 the mean and variance of prior preference.

The partial derivative with respect to the expected prediction error |,up - ,uc| is:
(-G -
& _ m 2MCISO (12)
ah%'_ﬂA Oc
so negative expected free energy decreases as the expected prediction error grows, the larger the
discrepancy between predicted and desirable states, the greater the risk.

The partial derivative with respect to the variance of prior preferences o is:
2 2 2 2
06 _|mp— |’ = (02 = o7) [< 0 (I — el < 02 = )
2 4 2
da;¢ 20, >0 (|,up —pe|” =02 - 05)
Hence, when the expected prediction error is small, increasing 62 decreases —G; when the expected
prediction error is large, increasing 62 increases —G. The results of this analysis are shown in Figure 2.

In Figure 2, the interaction between the expected prediction error and the preference variance can also
be observed.
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Figure 2. Analysis results of negative expected free energy. The horizontal axis represents
the difference between the expected values of the prior distribution and the prior preference
(expected prediction error), the legend indicates the variance of the prior preference, and
the vertical axis denotes the negative expected free energy.

4 DISCUSSIONS

The analysis result shows that negative free energy decreases monotonically as prediction error increases,
lowering the sense of agency. In other words, the greater the mismatch between an individual’s prior
prediction and the actual outcome, the more the felt sense that “my action controls the result” is
undermined. Interventions to enhance psychological safety should therefore reduce prediction error by
environmental design—for example, provide prompt and consistent feedback to errors and proposals so
members obtain predictable reactions.
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When varying the prior variance, we found with small prediction error, increasing prior variance
decreases negative free energy; with large prediction error, increasing prior variance increases negative
free energy. This implies that when members face new situations, encouraging flexible predictions
(larger variance) is effective, whereas at later stages, improving prediction precision is needed. Thus,
staged interventions—promote flexibility at early phases and precision as familiarity grows—are
effective.

From the analysis of expected free energy, negative expected free energy decreases monotonically as
expected prediction error grows. This means the risk rises as the gap between predicted and desirable
states widens. To maximize psychological safety, we should clarify which behaviors are desirable and
design feedback to shrink the gap between predictions and prior preferences.

Regarding the variance of prior preferences, when the expected prediction error is small, decreasing the
variance of prior preferences raises negative expected free energy; when the error is large, increasing
the variance of prior preferences increases negative expected free energy. This suggests adaptive tuning:
when goals are high (large error), set wider prior preferences to ensure flexibility; when the error is
small, narrow preferences to enhance precision.

Figure 3 illustrates the conceptual correspondence between variables of mathematical model and
interventions in team interactions. The variables of the mathematical model—prediction error, prior
variance, expected prediction error, and preference variance—are mapped to team-level interventions
such as consistency of feedback, flexibility of prediction, clarity of desirable behaviors, and tolerance
for behaviors.

Interventions Variables Functions Design targets
/S— ) S EE—
Consistency Prediction
of feedback error
— —
Free ener Sense of
/S— /S— & agency
Flexibility of . .
L Prior variance
prediction
- J N
PSR
Clarity of Expected
desirable prediction
behaviors error
I — — Expected free Psychological
—_— — energy safety
Tolerance for Preference
behaviors variance
- -

Figure 3. Conceptual model mapping variables of mathematical model to interventions in
team contexts.

Based on the above analyses, interventions to improve psychological safety can be designed by the

following principles:

e  Reduce prediction error: Provide consistent responses.

e  Adjust prior variance: Encourage flexibility (large variance) in novel tasks; raise precision (smaller
variance) after mastery.

e  Reduce expected prediction error: Clarify desirable behaviors and outcomes; design feedback to
shrink gaps between goals and predictions.

e  Adjust variance of prior preferences: When gaps are large, set broad tolerance; when stabilized,
narrow preferences to heighten precision.

This enables dynamic interventions that enhance sense of agency and psychological safety.

These findings align with and extend prior theoretical and empirical work on psychological safety and

team learning. For example, Edmondson’s study [7] suggested that predictable and consistent responses

from leaders foster psychological safety, which is directly supported by our model’s prediction that

reducing prediction error increases safety. Similarly, self-determination theory [26] highlights that clear
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feedback enhances intrinsic motivation, consistent with our finding that clarifying desirable states and
minimizing the gap between predictions and observations maximizes sense of agency. Furthermore,
organizational learning theories and stage models of team development [27] have long argued that early
exploration followed by later convergence enhances performance—a pattern mirrored in our results
showing that greater prior variance (flexibility) benefits early stages, whereas lower variance (precision)
becomes advantageous once familiarity grows. Together, these convergences suggest that the model’s
predictions are theoretically plausible, providing a principled framework for designing interventions that
sustain both sense of agency and psychological safety over time.

Building on the above analysis, we will translate the proposed account of sense of agency (as negative

free energy) and psychological safety (as negative expected free energy) into actionable practice within

design processes (design thinking and innovation of meaning). Specifically, we plan to:

1. Elaborate a process of enhancing sense of agency and psychological safety within the design
cycle—identify moments that lift sense of agency and psychological safety across discover—define—
develop—validate and formalize the intervention conditions into a repeatable flow.

2. Establish behavior guidelines for practitioners—short, phase-specific rules that operationalize our
principles (e.g., broaden priors early, narrow decision criteria later).

3. Develop lightweight tools usable in routine sprints—a canvas to map priors and preferences, and a
prior workshop to adjust variance across phases. All interventions will be evaluated via surveys of
perceived sense of agency and psychological safety, enabling tuning of priors and preferences in
real projects.

5 CONCLUSIONS

This study reformulates the problem of intervening on sense of agency and psychological safety in
teaming within the FEP/active-inference framework, indicating the possibility of designing and
operating interventions with priors and prior preferences as control variables. Specifically, focusing on
the “state” of others’ evaluations of speech, analyses of negative free energy and negative expected free
energy suggest: (1) shrink prediction errors and establish consistent feedback; (2) dynamically adjust
prior variance according to learning stage; (3) clarify desirable behaviors and outcomes to reduce gaps
between predictions and goals; and (4) when the gap between goals and predictions is large, keep the
variance of prior preferences wide; when the gap has settled, narrow it. These constitute practical levers
for sustaining sense of agency and psychological safety. As a result, interventions that had tended to
remain at the level of “atmosphere building” can be treated quantitatively as a design problem that jointly
minimizes free energy and negative free energy.

This paper’s originality lies in two points. First, by centering sense of agency as a factor in psychological
safety and indexing its fluctuation by negative free energy, it explains sense of agency accounting for
uncertainty-inclusive prediction error regarding evaluations after speech. Second, it formalizes
psychological safety as prior preferences and translates operation design into minimizing the risk term
of expected free energy as a policy selection. This view offers practical guidance for treating
organizational designs—evaluation systems, reward schemes, meeting protocols—not merely as norms
but as adjustments to distribution parameters (means and variances).
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