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Abstract 
 

Digital and artificial-intelligence-supported medication systems increasingly generate risk estimates, alerts, classifications, and 

recommendations that may appear more certain than their evidential basis permits. At the point of dispensing, pharmacists must interpret 

these outputs within brief encounters while considering incomplete data, medication-related consequences, patient preferences, and the limits 

of model applicability. Existing approaches commonly separate technical calibration, uncertainty display, clinical consequence, pharmacist 

judgement, and patient communication, leaving no coherent mechanism for translating uncertainty into a bounded medication decision.  This 

article proposes a Point-of-Dispensing Uncertainty-Communication Framework that connects five functions: characterizing the source of 

uncertainty; appraising calibration and applicability; assessing the clinical consequence of error; constructing a decision-relevant 

communication package; and adapting that package through pharmacist mediation. The framework distinguishes confidence from calibration, 

uncertainty from recommendation, and model output from professional authority. It proposes five possible action boundaries: routine 

dispensing with counselling, enhanced uncertainty counselling, additional verification, temporary deferral, and escalation.  The contribution 

is conceptual and non-empirical. Its proposed relationships require validation across technical performance, patient comprehension, 

appropriate human–AI reliance, medication-decision quality, workflow burden, safety, equity, and governance. Communication should 

preserve the source, direction, and practical meaning of uncertainty rather than merely simplify presentation. The framework does not 

establish universal thresholds, clinical effectiveness, regulatory acceptability, or deployment readiness. Its original contribution is to organize 

calibrated uncertainty as a pharmacist-mediated, consequence-sensitive communication and action problem rather than as a model metric or 

display feature alone. 
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INTRODUCTION 

Medication-related artificial intelligence and clinical decision 

support may produce probabilities, risk categories, alerts, or 

recommended actions, yet these outputs rarely communicate 

all relevant uncertainty in a form that supports responsible 

human judgement. Clinical machine-learning outputs require 

usable uncertainty information because an apparently precise 

prediction may conceal limited evidence, model instability, 

missing inputs, or poor applicability to the current patient [1]. 

At dispensing, this problem is intensified by limited 

encounter time, competing workflow demands, incomplete 

access to clinical context, and the need to communicate 

information without delaying necessary treatment or creating 

unwarranted reassurance. 

Machine-learning systems can prioritize prescriptions for 

pharmacist review, but medication-alert research remains 

heterogeneous and requires stronger external validation and 

implementation evidence [2, 3]. A prescription ranked as low 

risk may still involve a severe consequence if the system is 

wrong, whereas a high uncertainty estimate may reflect 

harmless variability rather than an immediate safety threat. 

Consequently, neither an alert score nor a confidence value 

should independently determine whether a medicine is 

dispensed, discussed, verified, deferred, or escalated. 

Uncertainty communication is also relational. Shared 

decision-making models show that communicating options 
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requires recognition of choice, discussion of available 

evidence, and integration of patient preferences [4]. At the 

point of dispensing, however, uncertainty may concern 

several objects simultaneously: the reliability of a digital 

output, the completeness of patient data, the strength of 

medication evidence, the transferability of population 

findings, or the patient’s unresolved preferences. These 

sources must not be compressed into a single unexplained 

qualifier such as “low confidence.” 

This article therefore proposes an original framework for 

moving from uncertain information to a bounded dispensing 

action. It treats communication as a structured professional 

function connecting technical evidence, clinical 

consequence, patient context, and pharmacist accountability. 

The framework is not a clinical guideline or validated 

intervention. It instead defines constructs, proposed 

relationships, evaluation requirements, and decision 

boundaries that can be tested in future pharmacy settings. 

Calibration, Confidence, and Clinical 
Consequence 
Confidence and calibration describe different properties. 

Confidence is the apparent strength assigned to an individual 

output, whereas calibration concerns agreement between 

predicted probabilities and observed event frequencies within 

a defined task, population, setting, and period [5]. A system 

may discriminate effectively between higher- and lower-risk 

prescriptions while assigning probabilities that are 

systematically too high or too low. Conversely, acceptable 

aggregate calibration does not prove that an estimate is 

applicable to a particular medicine, patient subgroup, clinical 

environment, or updated workflow. 

Uncertainty quantification is particularly important when an 

incorrect output could produce a consequential medical 

decision [6]. Evidence from clinical machine learning also 

indicates that uncertainty information may help identify cases 

that warrant selective expert review [7]. Such findings 

support the principle of uncertainty-triggered review, but they 

do not establish a universal pharmacy threshold. The 

relationship between uncertainty and action depends on what 

is uncertain, whether additional information could resolve it, 

and what may happen if the pharmacist proceeds incorrectly. 

Uncertainty can also be operationalized as a signal for 

targeted human review rather than displayed as a passive 

technical value [8]. At dispensing, this requires a distinction 

between the probability of error and the consequence of error. 

The article therefore proposes a consequence profile 

comprising severity, reversibility, detectability, urgency, 

duration of exposure, availability of safer alternatives, and the 

patient’s vulnerability. These dimensions are not a validated 

score. They are a structured prompt for determining whether 

an uncertainty is immaterial, communicable, verifiable, or 

beyond the safe decision boundary. 

The proposed relationship is consequence-sensitive rather 

than confidence-deterministic. High confidence should not 

suppress verification when calibration evidence is weak or 

the potential harm is severe. Low confidence should not 

automatically prevent dispensing when the uncertainty 

concerns a minor, reversible, or monitorable outcome. 

Calibration informs how much reliance a probability may 

warrant; clinical consequence informs how cautious the 

resulting action should be. The patient-facing communication 

must then explain not only that uncertainty exists but what it 

means for the immediate medication decision. 

Table 1 organizes the evidence, constructs, relationships, 

uncertainties, and boundary conditions required for 

definitions, components, relationships, and intended uses for 

the article Communicating Calibrated Uncertainty at the 

Point of Dispensing. 

Table 1. Definitions, components, relationships, and intended uses for the article Communicating Calibrated 
Uncertainty at the Point of Dispensing. 

Component 
or scientific 
dimension 

Problem 
addressed 

Inputs or 
determinants 

Proposed 
mechanism or 

relationship 

Expected 
contribution 

Evidence 
required 

Failure or 
uncertainty risk 

Boundary 
statement 

Confidence 

A strong-looking 

output may be 

mistaken for 

correctness 

Output probability, 

score, category, or 

verbal qualifier 

Confidence is 

treated as an 

instance-level 

signal, not evidence 

of reliability 

Prevents apparent 

precision from 

becoming 

automatic 

authority 

Association 

between confidence 

and correctness in 

the intended setting 

Overconfidence, 

false reassurance, or 

inappropriate 

automation 

Confidence 

alone does not 

authorize a 

medication 

decision [1]. 

Calibration 

Predicted 

probabilities may 

not correspond 

to observed 

frequencies 

Validation 

population, task, 

time, site, and 

outcome definition 

Calibration evidence 

qualifies how 

probabilities may be 

interpreted 

Supports evidence-

bounded 

probability 

communication 

Local, temporal, 

and subgroup 

calibration 

assessment 

Misleading 

probabilities under 

drift or population 

mismatch 

Calibration does 

not establish 

usefulness, 

safety, or 

individual 

correctness [5]. 

Uncertainty 

source 

Different 

limitations may 

require different 

responses 

Variability, missing 

data, limited 

evidence, model 

scope, or patient 

preference 

Proposed: classify 

uncertainty before 

selecting language 

or action 

Avoids 

compressing 

heterogeneous 

limitations into 

one score 

Content validation 

and inter-rater 

reliability of the 

proposed taxonomy 

Wrong remedy 

applied to the wrong 

uncertainty 

The taxonomy is 

proposed and 

requires 

empirical 

validation. 
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Selective review 

Uniform 

automation may 

conceal difficult 

or atypical cases 

Uncertainty estimate, 

case characteristics, 

data completeness 

Uncertainty may 

trigger pharmacist 

review or 

information seeking 

Directs 

professional 

attention to 

unresolved cases 

Prospective 

evaluation of 

accepted, reviewed, 

deferred, and 

escalated cases 

Excessive deferral or 

failure to identify 

consequential cases 

Evidence from 

other clinical 

tasks does not 

validate 

dispensing 

thresholds [7]. 

Clinical 

consequence 

Probability alone 

does not 

represent the 

seriousness of 

being wrong 

Severity, 

reversibility, 

detectability, 

urgency, and 

alternatives 

Proposed: 

communication and 

action become more 

cautious as 

consequence 

increases 

Links uncertainty 

to medication-

safety relevance 

Prospective testing 

across medication 

and patient contexts 

Minor uncertainties 

over-escalated or 

severe uncertainties 

normalized 

The consequence 

profile is not a 

validated risk 

score [6]. 

Human review 

A displayed 

uncertainty may 

not change 

behaviour 

appropriately 

Pharmacist expertise, 

access to evidence, 

workflow, and 

escalation routes 

Human review 

interrogates 

uncertainty rather 

than merely 

acknowledging it 

Preserves 

professional 

challenge and 

accountability 

Observation of 

review quality, 

overrides, and 

downstream actions 

Automation bias, 

underreliance, or 

symbolic oversight 

Human presence 

is not sufficient 

without authority 

and usable 

information [8]. 

Communication 

package 

Technical 

outputs may not 

be interpretable 

to patients 

Source, magnitude, 

practical implication, 

and next action 

Proposed: translate 

uncertainty into a 

concise decision-

relevant package 

Connects evidence 

limitations to 

patient action 

Comprehension, 

recall, reliance, and 

decision-quality 

studies 

Distortion through 

oversimplification or 

excessive 

information 

Adaptation must 

preserve the 

underlying 

meaning of 

uncertainty. 

Action boundary 

Systems may 

imply action 

without defining 

when not to 

proceed 

Calibration, 

applicability, 

consequence, 

missing information, 

patient context 

Proposed: select 

routine counselling, 

enhanced 

counselling, 

verification, 

deferral, or 

escalation 

Makes non-action 

and escalation 

legitimate 

outcomes 

Prospective safety, 

workflow, and 

equity evaluation 

Unsafe dispensing, 

unnecessary delay, or 

unavailable 

escalation 

No category 

constitutes a 

validated clinical 

rule. 

Proposed Point-of-Dispensing Communication 
Framework 
Clinical decision support operates within sociotechnical 

systems shaped by data quality, usability, workflow, alert 

burden, and professional roles [9]. The proposed framework 

therefore begins before information reaches the patient. It 

asks whether the uncertainty itself has been adequately 

characterized, whether the confidence estimate is calibrated 

and applicable, and whether the output addresses the clinical 

question that the pharmacist must resolve. Technical 

performance cannot by itself establish clinical usefulness, 

generalizability, or safe integration [10]. 

The framework comprises five linked functions. First, 

uncertainty characterization identifies whether the limitation 

arises from inherent variability, insufficient knowledge, data 

quality, applicability or distribution shift, conflicting clinical 

evidence, or unresolved patient preference. Second, 

calibration and applicability appraisal examines the 

population, medication, task, site, version, and period for 

which the estimate is supported. Third, clinical-consequence 

appraisal considers the seriousness, reversibility, 

detectability, and urgency of an incorrect interpretation. 

Fourth, communication-package construction converts the 

uncertainty into an essential message, its reason, its practical 

implication, and the required next action. Fifth, pharmacist 

mediation adapts language and format, checks understanding, 

verifies information, and determines whether the encounter 

can proceed. 

Explanation must be matched to the needs and 

responsibilities of the intended stakeholder; technical 

interpretability is not equivalent to meaningful patient 

communication [11]. The pharmacist therefore does not 

merely repeat a model score. The pharmacist must distinguish 

uncertainty from recommendation, clarify whether more 

information could resolve the uncertainty, and communicate 

what remains professionally or clinically undecided. 

The final action boundary contains five proposed outcomes: 

routine dispensing with ordinary counselling; enhanced 

uncertainty counselling; additional verification; temporary 

deferral; and escalation. Movement between these outcomes 

is conditional, not linear. New patient information may 

require reassessment of calibration, applicability, or 

consequence. Early clinical evaluation must examine human 

interaction, workflow, errors, and operational context rather 

than reporting model accuracy alone [12]. 

Figure 1 presents the original conceptual synthesis for point-

of-dispensing uncertainty-communication framework, 

showing how the article’s principal components, evidence 

relationships, uncertainties, and decision boundaries are 

connected. 
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Figure 1. Point-of-Dispensing Uncertainty-Communication Framework 

Table 2 organizes the evidence, constructs, relationships, 

uncertainties, and boundary conditions required for 

evaluation criteria, evidence requirements, and failure modes 

for the article Communicating Calibrated Uncertainty at the 

Point of Dispensing. 

 

Table 2. Evaluation criteria, evidence requirements, and failure modes for the article Communicating Calibrated 
Uncertainty at the Point of Dispensing. 

Architecture 
layer or 

process stage 

Core 
function 

Information 
flow 

Interaction with 
other 

components 

Evaluation 
criterion 

Potential 
failure mode 

Human or 
organizational 
responsibility 

Readiness 
boundary 

Input and 

provenance 

Establish what 

information 

generated the 

output 

Patient data, 

medication data, 

evidence source, 

model version, and 

missingness enter 

the framework 

Determines whether 

later calibration and 

explanation are 

meaningful 

Completeness, 

traceability, 

timeliness, and 

version 

identification 

Unknown source, 

stale data, 

conflicting 

records, or 

hidden 

missingness 

Organization ensures 

provenance; 

pharmacist verifies 

decision-relevant gaps 

No active use 

when material 

inputs cannot be 

traced. 

Uncertainty 

characterization 

Identify what is 

uncertain and 

whether it is 

reducible 

Technical and 

clinical limitations 

are classified before 

communication 

Directs calibration 

appraisal, 

verification, and 

display choice 

Reproducible 

classification and 

recognition of 

mixed uncertainty 

A single score 

obscures several 

limitations 

System designers 

expose uncertainty 

source; pharmacist 

checks clinical 

relevance 

Proposed 

taxonomy requires 

content and 

construct 

validation. 

Calibration and 

applicability 

Determine 

whether 

confidence is 

interpretable in 

the current 

context 

Validation evidence 

is compared with 

the current patient, 

task, medication, 

and site 

Modifies the weight 

given to the output 

and the need for 

review 

Local, temporal, 

and subgroup 

calibration [5] 

Miscalibration or 

distribution shift 

remains invisible 

Developers validate; 

organizations monitor; 

pharmacists challenge 

obvious mismatch 

Technical 

validation does not 

establish clinical 

usefulness [10]. 

Consequence 

appraisal 

Determine the 

significance of 

an incorrect 

interpretation 

Uncertainty is 

combined with 

severity, 

reversibility, 

urgency, and 

alternatives 

Influences 

communication 

depth and action 

boundary 

Consistency, 

clinical face 

validity, and 

prospective safety 

assessment 

Severe 

consequences are 

normalized 

because 

confidence 

appears high 

Pharmacist retains 

authority to verify, 

defer, or escalate 

The proposed 

consequence 

profile is not a 

clinical score. 
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Communication 

construction 

Translate 

uncertainty into 

decision-

relevant content 

Source, meaning, 

practical 

implication, and 

next action are 

selected 

Connects technical 

appraisal to 

pharmacist–patient 

interaction 

Objective 

comprehension 

and preservation 

of meaning 

Simplification 

changes apparent 

certainty or hides 

limitations 

Pharmacist adapts 

presentation; 

organization supplies 

accessible formats 

No readiness 

without testing 

comprehension 

and distortion risk 

[11]. 

Pharmacist 

mediation 

Interpret, 

personalize, 

verify, and 

challenge 

Patient questions 

and contextual 

information return 

to earlier stages 

Creates feedback 

loops rather than 

one-way delivery 

Appropriate 

reliance, 

adaptation fidelity, 

verification, and 

escalation 

behaviour 

Automation bias, 

symbolic review, 

or unsupported 

reassurance 

Pharmacist exercises 

professional 

judgement; 

organization provides 

time and authority 

Human 

involvement alone 

does not prove 

meaningful 

oversight. 

Action boundary 

Select whether 

and how the 

encounter 

proceeds 

Appraised 

uncertainty and 

patient 

understanding 

inform action 

Produces routine 

counselling, 

enhanced 

counselling, 

verification, 

deferral, or 

escalation 

Decision quality, 

delay, safety, 

workflow burden, 

and equity 

Unsafe 

dispensing, 

excessive 

deferral, or 

unavailable 

escalation 

Local governance 

defines operational 

routes and 

accountability 

Prospective 

clinical and 

workflow 

evaluation is 

required [12]. 

Monitoring and 

governance 

Detect drift, 

incidents, and 

unequal effects 

Outcomes and 

feedback return to 

model, workflow, 

and policy owners 

Supports 

reassessment of 

every preceding 

layer 

Incident review, 

subgroup 

monitoring, 

version control, 

and corrective 

action 

Static 

deployment 

despite changing 

data or practice 

Multidisciplinary 

governance owns 

surveillance and 

response 

Implementation is 

not equivalent to 

validated benefit 

[9]. 

Displaying and Interpreting Different Uncertainty 
Types 
Uncertainty should not be displayed as though every 

limitation had the same origin or implication. 

Communication format must be selected in relation to the 

audience, decision, reference class, and possibility of 

misunderstanding [13]. A probability may be appropriate 

when calibration is established and the patient can interpret 

the denominator. A range may better represent imprecision. 

A verbal qualifier may be necessary during a brief encounter, 

but it can conceal wide variation in meaning unless 

accompanied by an explanation or numerical anchor. 

Numeric and verbal expressions of uncertainty are not 

interchangeable; they can produce different interpretations of 

magnitude, confidence, and credibility [14]. The proposed 

framework therefore separates the source of uncertainty from 

its display format. Aleatoric uncertainty concerns variability 

that may persist even with additional information. Epistemic 

uncertainty concerns limited knowledge that might be 

reduced by new evidence. Data-quality uncertainty arises 

from missing, delayed, conflicting, or unreliable information. 

Applicability uncertainty concerns whether a model or 

evidence base transfers to the present patient, medicine, 

setting, or time. Evidence uncertainty concerns limitations or 

disagreement in the clinical literature. Decision or preference 

uncertainty concerns unresolved trade-offs rather than a 

defect in a prediction. 

The communication objective differs across these classes. 

Irreducible variability may require presentation of a range 

and monitoring plan. Missing data may require verification 

rather than further explanation. Applicability uncertainty may 

require an explicit statement that the evidence may not 

transfer. Conflicting evidence may require discussion of 

alternatives and trade-offs. Preference uncertainty requires 

elicitation of what matters to the patient rather than an attempt 

to calculate away the decision. 

Communicating uncertainty does not necessarily destroy 

trust, although effects vary with the form and context of 

disclosure [15]. Trust preservation should not, however, 

become the primary design goal. A communication strategy 

that maintains confidence by suppressing limitations may 

increase inappropriate reliance. The more defensible 

objective is calibrated reliance: the patient and pharmacist 

should neither overvalue nor dismiss the information relative 

to its evidential support. 

Visual aids may improve risk literacy when denominators, 

reference classes, comparisons, and visual scales are designed 

carefully [16]. At dispensing, visual or written formats may 

be useful for complex probabilities, but accessibility, time, 

language, and emotional burden must be considered. No 

format should be presumed universally superior. The same 

underlying uncertainty may require plain language, absolute 

frequencies, ranges, visual comparisons, staged explanation, 

or written reinforcement. These adaptations must preserve 

provenance, direction, magnitude, and practical implication. 

The proposed taxonomy and display mappings are conceptual 

rather than validated. Their evaluation must determine 

whether patients understand what is uncertain, why it matters, 

what action is appropriate, and when additional professional 

advice is required. A concise display that obscures the 

decision boundary is not necessarily safer than a more 

detailed explanation, while excessive disclosure may 

overwhelm the encounter. The appropriate communication is 

therefore the least burdensome format that preserves 

decision-relevant meaning and supports safe action. 
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Pharmacist Mediation and Patient-Specific 
Adaptation 
Uncertainty communication at dispensing cannot be reduced 

to selecting a numerical or verbal format. Patients differ in 

medication literacy, numeracy, language, prior knowledge, 

communication preferences, emotional state, sensory access, 

and willingness to participate. Medication literacy and desire 

for involvement are distinct; limited literacy should not be 

interpreted as limited interest in medication decisions [17]. 

Adaptation should therefore begin with an invitation to 

participate rather than an assumption about how much 

information a patient wants or can understand. 

Structured pharmacist–patient conversations can support 

shared medication decision-making while remaining 

responsive to the encounter [18]. Within the proposed 

framework, the pharmacist first states the immediate 

medication decision, then explains what is known, what 

remains uncertain, why that uncertainty exists, and whether 

additional information could change the decision. The patient 

should also understand the practical consequence: whether 

treatment can proceed, whether monitoring is required, or 

whether verification or escalation is necessary. 

Patient-centred pharmacy counselling is an interactive 

process rather than one-way transmission of information [19]. 

The pharmacist may adapt vocabulary, pace, sequence, 

medium, and level of detail, but should not alter the source, 

direction, or apparent magnitude of uncertainty. For example, 

replacing a poorly supported estimate with a reassuring 

phrase may make the explanation simpler while making it less 

faithful. The framework therefore proposes an adaptation-

integrity rule: presentation may change, but provenance, 

evidential limitations, practical implications, and unresolved 

decision boundaries must remain visible. 

Medication decisions may also involve family members, 

caregivers, prescribers, and other professionals whose 

knowledge is distributed across settings [20]. Pharmacist 

mediation may reveal missing information, conflicting goals, 

or patient concerns that require the framework to return to 

uncertainty characterization or consequence appraisal. 

Mediation is therefore represented as a feedback function 

rather than the final delivery of a fixed message. 

Understanding should be checked through dialogue, patient 

questions, teach-back, or an equivalent method suited to the 

encounter. A correct repetition of words does not necessarily 

demonstrate understanding of the medication decision. The 

relevant test is whether the patient can explain what remains 

uncertain, what action is being taken, and when further advice 

is required. Pharmacist mediation may support this process, 

but it cannot correct invalid evidence, inaccessible 

provenance, severe distribution shift, or a prescription that 

exceeds the safe dispensing boundary. 

Evaluation of Understanding and Medication 
Decisions 
Evaluation must distinguish subjective trust from appropriate 

reliance. Clinical users can be influenced by incorrect 

artificial-intelligence advice, indicating that confidence in a 

system may persist even when its recommendation should be 

challenged [21]. A successful communication intervention 

should therefore reduce both overreliance on poorly 

supported outputs and underreliance on well-supported 

information. 

Human–AI collaboration is not automatically superior to 

unaided professional judgement. Assistance can change 

decisions, improve selected classifications, or introduce new 

errors depending on the task, interface, and user response [22, 

23]. Pharmacy evaluation should consequently examine what 

pharmacists do when an output conflicts with clinical 

information, whether uncertainty prompts verification, and 

whether escalation remains feasible under time pressure. 

Medication-decision evaluation should include objective 

knowledge, understanding of probabilities or ranges, 

decisional conflict, informed choice, participation, and 

concordance between expressed values and the selected 

option [24]. Satisfaction alone is insufficient because a 

reassuring but misleading explanation may be rated 

favourably. Recall should also be assessed when the patient 

must monitor symptoms, follow conditional instructions, or 

seek additional care. 

The proposed validation model therefore separates technical 

calibration, comprehension, appropriate reliance, 

medication-decision quality, workflow, medication safety, 

equity, and governance. These domains should not be 

collapsed into a single readiness score. A system may be well 

calibrated but poorly understood, understandable but 

inequitable, or efficient while producing inappropriate 

reliance. Prospective evaluation should compare routine 

communication with the proposed approach and should 

examine accepted, verified, deferred, and escalated cases 

separately. No individual metric can establish that the 

complete framework is safe or clinically effective. 

Workflow and Equity Implications 
Real-world integration requires more than adding an 

uncertainty display to an existing interface. Implementation 

depends on workflow redesign, stakeholder participation, 

monitoring, operational ownership, and clear escalation 

routes [25]. At dispensing, an uncertainty communication 

process may add verification work, prolong encounters, 

interrupt queues, or shift responsibility without providing the 

time or authority required for meaningful review. Evaluation 

must therefore include delays, duplicated work, workarounds, 

interruptions, documentation burden, and the consequences 

of unavailable escalation. 
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Equity failures may originate before communication begins. 

An apparently neutral output can reproduce inequity when its 

target or proxy reflects unequal access, utilization, or 

documentation [26]. Communication cannot repair a biased 

target merely by explaining it clearly. The framework 

therefore requires subgroup assessment of calibration, 

exposure to alerts, verification, deferral, escalation, and 

downstream medication decisions. 

Communication for patients with limited health literacy is 

shaped by time, recognition, professional skill, information 

tailoring, and emotional context [27]. Equity should not be 

framed as simplification for selected patients while others 

receive the complete explanation. The aim is equivalent 

access to decision-relevant meaning through accessible 

language, interpretation support, suitable visual or written 

formats, and accommodations for sensory or cognitive needs. 

Figure 2 presents the original conceptual synthesis for 

pharmacist-mediated adaptation of uncertainty for patient 

decisions, showing how the article’s principal components, 

evidence relationships, uncertainties, and decision 

boundaries are connected. 

 

 
Figure 2. Pharmacist-Mediated Adaptation of Uncertainty for Patient Decisions 

The adaptation pathway is proposed rather than prescriptive. 

Its feasibility may differ across community, hospital, remote, 

and automated dispensing settings. Equity evaluation should 

examine who receives uncertainty information, who 

understands it, whose encounters are delayed, whose 

prescriptions are escalated, and whether communication 

burdens are distributed differently across populations. 

Limitations 
The framework integrates evidence from pharmacy practice, 

risk communication, clinical decision support, and human–AI 

research, but several supporting studies arise from diagnostic 

or non-pharmacy settings. Their mechanisms require 

pharmacy-specific testing. 

Post hoc explanations may appear plausible without faithfully 

representing how a model produced an output and cannot 

substitute for validation [28]. In some high-stakes tasks, 

intrinsically interpretable approaches may be preferable to 

explanations applied after an opaque prediction [29]. Neither 

interpretability nor pharmacist involvement guarantees safe 

use. 

Machine-learning systems may also create unintended errors, 

dependence, deskilling, and new sociotechnical failure 

pathways [30]. The proposed taxonomy, consequence profile, 

adaptation-integrity rule, and action boundary have not been 

prospectively validated. The framework does not establish 

communication effectiveness, reduced medication error, 

improved adherence, regulatory acceptability, or deployment 

readiness. 

CONCLUSION 

Communicating calibrated uncertainty at dispensing is not 

merely a matter of displaying a confidence score. It requires 
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an explicit relationship among the source of uncertainty, 

evidence of calibration and applicability, the clinical 

consequence of error, the patient’s informational and 

decisional needs, and the pharmacist’s authority to verify, 

defer, or escalate. 

The proposed framework organizes this work through 

uncertainty characterization, calibration and applicability 

appraisal, consequence assessment, communication-package 

construction, pharmacist mediation, and a bounded action 

decision. It distinguishes model output from medication 

decision, technical performance from clinical usefulness, 

explanation from validation, and patient trust from 

appropriate reliance. 

Its professional contribution is to define uncertainty 

communication as active interpretive work rather than 

passive disclosure. Its organizational contribution is to make 

provenance, workflow capacity, escalation, monitoring, and 

accountability necessary conditions. Its safety contribution is 

to reject confidence-only action. Its equity contribution is to 

require evaluation of access, comprehension, burden, 

verification, delay, and escalation across patient groups. 

These relationships remain proposed. The framework 

requires prospective, setting-specific validation across 

technical, communicative, clinical, human-factors, 

workflow, safety, equity, and governance outcomes. It should 

not be interpreted as a clinical protocol, regulatory standard, 

universal communication method, or deployment-ready 

system. Its value lies in providing a testable structure for 

deciding what uncertainty means, how it should be 

communicated, and when dispensing should proceed or 

pause. 
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