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Introduction: Communicating radiation dose to nurses using Sievert-based units may be difficult to interpret and may heighten anxiety.
Chest Equivalent Dose (CED) is a symbolic approach that anchors dose information to a familiar chest imaging reference frame.
Objective: To compare the effects of Chest Equivalent Dose (CED) versus conventional Sievert-based dose communication on
nurses’ radiation knowledge, radiation anxiety, and radiation-related feelings/experiences.

Methods: A quasi-experimental pretest—posttest comparative study was conducted among nurses in Jordan. Participants received
Sievert-based education (n=40) or CED-based education (n=31). Radiation knowledge (RKQ), radiation anxiety (RAQ), and radiation-
related feelings and experiences (RREF) were measured immediately before and after the session. Paired- and independent-samples
tests were used, and time effects were explored using mixed-model analyses.

Results: Baseline scores did not differ between groups (all p>0.05). In the CED group, RKQ increased from 59.76+8.32 to 79.76+10.16,
while RAQ decreased from 57.97+1.33 to 36.74+1.83 and RREF decreased from 77.58+2.87 to 47.1242.90 (all p<0.001). In the Sievert
group, RKQ was unchanged (56.08+10.89 to 58.32+9.04; p=0.329), with small decreases in RAQ (58.23+1.19 to 56.45+1.58; p<0.001)
and RREF (77.67+3.02 to 75.67+3.17; p=0.005). Posttest outcomes favoured CED for RKQ, RAQ, and RREF (all p<0.001).
Conclusion: CED-based symbolic dose communication produced larger improvements in knowledge and larger reductions in anxiety
and radiation-related experiences than Sievert-based education.

Plain Language Summary: Radiation dose is usually reported using scientific units such as millisieverts (mSv), which many nurses
find difficult to interpret. When dose information is hard to interpret, it can increase worry, reduce confidence when answering patient
questions, and weaken consistent risk communication across teams. Healthcare leaders and nurse educators are responsible for
selecting training approaches and communication standards that support staff understanding and psychological safety.

In this study, nurses received a brief educational session using either conventional Sievert-based teaching or a symbolic approach
called Chest Equivalent Dose (CED), which explains dose using a familiar reference (the dose from a standard chest X-ray). We
measured nurses’ radiation knowledge, anxiety, and radiation-related feelings before and after training.

Compared with Sievert-based teaching, CED led to larger improvements in knowledge and larger reductions in anxiety and
radiation-related concerns. These findings suggest that leaders can improve staff communication by standardizing an interpretable
dose message that is accurate but easier to use in daily practice.

For leaders, CED can be implemented through onboarding, annual competency training, and short, standardized scripts for staff-to-
staff and staff-to-patient communication, supported by local champions and periodic audits to ensure consistent use.
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Introduction

Radiation dose communication remains a persistent challenge in clinical imaging and radiotherapy environments."
Although ionising radiation is integral to modern diagnostic and therapeutic procedures, its risks are often perceived
as abstract and can be poorly understood by healthcare professionals—particularly nurses, who are frequently exposed
indirectly through their clinical roles and contribute to patient care across departments where radiation is used, including
radiology, emergency, and intensive care settings.”> Conventional radiation education commonly relies on physical
dosimetric units such as the sievert, yet these measures may lack intuitive meaning for staff without a background in
physics or radiography and may therefore fail to support effective risk understanding and emotional regulation.® From
a healthcare leadership perspective, improving dose communication is part of clinical governance because it requires
consistent messaging, training fidelity, and mechanisms that support staff confidence in patient-facing discussions.

Nurses represent a large proportion of the healthcare workforce and are routinely involved in care pathways that
include radiation-based investigations and interventions, positioning them at the interface between technical processes
and patient experience.’ Despite this central role, many nurses receive limited formal education in radiation protection
principles and dose interpretation, leaving knowledge gaps that may be filled by misconceptions and heightened
concern.® Inadequate understanding of radiation dose and risk has been associated with increased anxiety, misjudgement
of exposure magnitude, and reduced confidence in clinical communication, particularly when responding to patient
questions or supporting shared decision-making.” These consequences are not limited to individual comfort; they may
influence safety culture and the quality of risk communication delivered within clinical teams.

Dose information is typically communicated using standardised physical quantities, primarily the sievert (Sv) and its
sub-units, which underpin regulatory frameworks and radiation protection standards.'® However, translating an exposure
described in mSv into a meaningful sense of magnitude or practical implication can be difficult under routine clinical
conditions, especially when rapid decisions and communication are required. When dose information is experienced as
technical and inaccessible, it may be less likely to improve knowledge or reduce anxiety in non-physics-trained staff.® For
leaders, this gap can create variation in communication across shifts and units, undermining standardization and patient
trust. A pragmatic solution is to adopt a dose language that is scientifically defensible and easier to apply in daily work.

Alternative approaches to dose representation—such as analogies and reference-based comparisons, including back-
ground equivalent radiation time (BERT)—have been proposed to anchor abstract quantities to familiar experiences and
thereby improve comprehension.'' Despite growing interest in such strategies, empirical evidence evaluating their
effectiveness in nursing populations remains limited. Given nurses’ central role in clinical coordination and patient-
facing communication, evidence is needed on whether alternative dose communication formats can improve both
cognitive outcomes (knowledge) and affective outcomes (anxiety and perceptions).

CED has been proposed as a symbolic radiation communication tool that expresses dose relative to the dose received
from a standard chest radiograph.'? For example, an abdominal/pelvic CT examination may be described as equivalent to
approximately 100-200 chest radiographs.'® By translating dose magnitude into a familiar and clinically meaningful
reference, CED may reduce interpretive burden, enhance understanding, and support more adaptive appraisal of
radiation-related risk.'* Importantly, symbolic dose representation is not intended to replace conventional dosimetry;
rather, it functions as a complementary communication strategy aimed at improving comprehension and emotional
response while maintaining scientific accuracy.'”> However, the effects of CED-based education on nurses’ radiation
knowledge, anxiety, and radiation-related perceptions have not been adequately investigated.

The present study addresses this gap by comparing the effects of CED-based education with conventional Sievert-
based education among nurses working in imaging-related clinical settings. It evaluates pre—post changes in radiation
knowledge, radiation-related anxiety, and radiation-related feelings and experiences following a structured educational
intervention, providing evidence on whether symbolic dose communication can strengthen interdisciplinary radiation

. . . . . . 12—1
education and improve nurse-facing risk communication.'* '
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Materials and Methods

Study Design

A quasi-experimental pretest—posttest comparative design was employed to evaluate the effects of two radiation dose
communication approaches on nurses’ radiation knowledge and psychological responses. This design was selected
because random allocation was not feasible within the operational constraints of clinical nursing services, including shift-
based schedules and staffing demands, while still allowing systematic comparison of educational interventions over time.
The design enabled within-group assessment of change following education and between-group comparison of outcomes

associated with different dose communication formats.

Setting and Participants

The study was conducted in hospital-based clinical settings in Jordan where nurses routinely work in environments
involving ionising radiation, including radiology departments, interventional units, operating theatres, emergency
departments, and intensive care units. Nurses were selected as the target population because they frequently encounter
radiation-related procedures, support patients undergoing imaging or interventional examinations, and may experience
indirect occupational exposure despite not being primary operators.’

Eligible participants were registered nurses with active clinical duties in radiation-associated environments. Nurses
with prior specialist training in medical physics or radiography were excluded to ensure that the sample reflected typical
nursing educational backgrounds. Participation was voluntary, and recruitment was conducted using convenience
sampling through departmental coordination.

A total of 71 nurses completed both pretest and posttest assessments and were included in the final analysis. Participants
were allocated to either a Sievert-based education group (n = 40) or a CED -based education group (n = 31). The relatively
small sample size reflects practical constraints inherent to face-to-face educational interventions in clinical settings,
including rotating shift patterns, workload pressures, the requirement for participants to attend a full-day session under
standardized conditions, and attrition due to clinical duties. These constraints are characteristic of applied educational
research in healthcare environments and were considered acceptable given the study’s controlled pre—post design.

Group allocation followed operational scheduling rather than randomization. Two separate education sessions were
delivered, and nurses attended the session assigned by their departmental roster/availability to avoid cross-group
contamination during the same session. All eligible nurses received a study information sheet prior to participation
and provided written informed consent before completing the pretest questionnaire. Participants were informed that both
sessions covered the same radiation-protection content but used different dose communication formats (Sievert vs CED),
and that participation was voluntary and would not affect their employment or training record.

Educational Intervention
Both groups received a structured, 45-minute face-to-face educational session delivered over a single day in
a standardized learning environment. The educational content was identical for both groups and covered fundamental
principles of ionising radiation, radiation protection, occupational exposure, and clinical risk awareness. The sole
difference was the dose communication format: the control group received information in Sieverts, while the experi-
mental group received it in CED.

Instruments

Data were collected using three validated instruments administered immediately before and after the educational
intervention. Radiation knowledge was assessed using the RKQ, which evaluates understanding of radiation principles,
exposure, and protection. Radiation-related anxiety was measured using the RAQ, designed to capture emotional
responses and concern related to radiation exposure. Radiation-related feelings and experiences were assessed using

the RREF, which evaluates subjective perceptions and confidence related to radiation contexts.
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All instruments had been previously validated and demonstrated acceptable psychometric properties in healthcare
populations. In the present study, internal consistency reliability was high, with Cronbach’s alpha coefficients
(Cronbach’s a >0.85) exceeding acceptable thresholds for all scales at both pretest and posttest assessments.

Data Collection Procedure

Participants completed the pretest questionnaires immediately prior to the educational session. Posttest questionnaires
were administered at the conclusion of the intervention on the same day to ensure consistency of learning conditions and
minimize external influences. Each participant completed two assessments (pretest and posttest). Some attrition occurred
between recruitment and completion due to clinical workload and shift changes; only participants with complete paired
data were included in the analysis.

Statistical Analysis

Data were analyzed using SPSS v26 statistical software. Descriptive statistics were used to summarize participant
characteristics and outcome measures. Baseline equivalence between groups was assessed using independent-samples
tests. Within-group pre—post changes were evaluated using paired-samples tests. Between-group differences at posttest
and in change scores were assessed using independent-samples tests.

General linear models were used to examine time effects and interactions with selected demographic and professional
variables. Assumptions of normality and homogeneity of variance were evaluated prior to inferential testing. Effect sizes
were reported using partial eta-squared (n%) to quantify the magnitude of observed effects.” Statistical significance was
set at p <0.05.

Results

Participant Characteristics

The final analytical sample comprised 71 nurses, (Sievert group, n=40; CED group, n=31). Demographic and professional
characteristics are presented in Table 1. Most participants were aged 20-29 years (57/71, 80.3%), and females constituted
57.7% (41/71) of the sample. The majority held a bachelor’s degree in nursing (90.1%) and had <5 years of clinical experience
(62.0%). Only 19.7% (14/71) reported prior formal training in radiation protection. Participants were drawn from multiple
clinical departments, including radiology, emergency, intensive care, operating rooms, and other units (Table 1).

Baseline Equivalence Between Educational Groups
Baseline (pretest) comparisons between the Sievert-based group (n = 40) and the CED-based group (n = 31) are shown in
Table 2. No statistically significant differences were observed between groups for any outcome measure at baseline.

Table | Demographic and Professional
Characteristics of Participants (N = 71)
Characteristic n %
Age group (years)
20-29 57 | 80.3
30-39 5 7.0
4049 9 | 127
Gender
Male 30 | 423
Female 41 | 57.7
(Continued)
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Table | (Continued).

Characteristic n %

Highest nursing qualification

Diploma 6 | 85
Bachelor’s degree 64 | 90.1
Doctorate | 1.4

Years of clinical experience

<5 years 44 | 62.0
6-10 years 18 | 254
I1-15 years 2 28
1620 years 3 42
22| years 4 5.6

Daily time in radiation-related care

<I hour 42 | 59.2
-2 hours 19 | 268
2-3 hours 6 85
3—4 hours 2 2.8
>4 hours 2 28

Prior radiation training

Yes 14 | 19.7

No 57 | 80.3

Current department

Radiology 7 | 99
Emergency 12 | 169
ICU 10 | 14.1
Operating room 9 | 127
Other 33 | 465

Table 2 Baseline (Pretest) Equivalence Between Educational Groups

Outcome Sievert Group (n = 40) Mean £ SD | CED Group (n =31) Mean £ SD | t (df = 69) | p-value
RKQ (knowledge %) | 56.08 + 10.89 59.76 + 832 —1.544 0.127
RAQ (anxiety %) 5823 % 1.19 57.97 £ 133 0.860 0.393
RREF (feelings %) 77.67 + 3.02 77.58 + 2.87 0.122 0.903
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Table 3 Within-Group Pre—Post Comparisons

Group | Outcome | Pre Mean £ SD | Post Mean * SD t (df) p-value

Sievert | RKQ 56.08 + 10.89 58.32 + 9.04 —0.983 (78) | 0.329
RAQ 5823 + .19 56.45 + 1.58 5.670 (78) <0.001
RREF 77.67 + 3.02 75.67 + 3.17 2.896 (78) 0.005

CED RKQ 59.76 + 8.32 79.76 £ 10.16 —8.474 (60) | <0.001
RAQ 5797 + 1.33 36.74 + 1.83 52.348 (60) | <0.001
RREF 77.58 + 2.87 47.12 £ 2.90 41.528 (60) | <0.001

Mean radiation knowledge RKQ scores were 56.08 + 10.89 in the Sievert group and 59.76 + 8.32 in the CED group (t
(69) = —1.544, p =0.127). Mean radiation anxiety RAQ scores were 58.23 + 1.19 and 57.97 £ 1.33, respectively (t(69) =
0.860, p =0.393). Mean radiation-related feelings and experiences RREF scores were 77.67 + 3.02 in the Sievert group
and 77.58 + 2.87 in the CED group (t(69) = 0.122, p =0.903).

Within-Group Pre—Post Changes
Within-group pre—post comparisons are summarized in Table 3 using mean values with 95% confidence interval error
bars. In the Sievert-based group, the change in RKQ scores from pretest (56.08 = 10.89) to posttest (58.32 + 9.04) was
not statistically significant (t(78) = —0.983, p =0.329). Statistically significant reductions were observed for RAQ (58.23
+ 1.19 to 56.45 £ 1.58, t(78) = 5.670, p <0.001) and for RREF (77.67 + 3.02 to 75.67 + 3.17, t(78) = 2.896, p =0.005).
In the CED-based group, statistically significant changes were observed across all outcomes. RKQ scores increased
from 59.76 + 8.32 at pretest to 79.76 + 10.16 at posttest (t(60) = —8.474, p <0.001) Figure 1.
RAQ scores decreased from 57.97 = 1.33 to 36.74 + 1.83 (t(60) = 52.348, p <0.001). RREF scores decreased from
77.58 +£2.87 to 47.12 + 2.90 (t(60) = 41.528, p <0.001). These pre—post patterns are illustrated in Figure 2, which depict
group-wise mean changes with confidence intervals.
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Figure | Radiation Knowledge (RKQ) Scores Before and After Education Using Sievert-Based and CED Communication.
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Figure 2 Radiation Anxiety (RAQ) and Radiation-Related Feelings and Experiences (RREF): Pre- and Post-Intervention Mean Scores (+ SD) by Educational Group.

Posttest Comparisons Between Educational Groups

Post-intervention comparisons between groups are presented in Table 4. At posttest, statistically significant differences
were observed for all outcome measures. Mean RKQ scores were 58.32 + 9.04 in the Sievert group compared with 79.76
+ 10.16 in the CED group (t(69) = —9.379, p <0.001). Mean RAQ scores were 56.45 + 1.58 and 36.74 + 1.83,
respectively (t(69) = 48.641, p <0.001). Mean RREF scores were 75.67 £ 3.17 in the Sievert group and 47.12 + 2.90
in the CED group ((69) = 38.980, p <0.001).

Change-Score Comparisons

Between-group comparisons of mean change scores (posttest minus pretest) are visualized in Figure 3, which displays
mean change values for RKQ, RAQ, and RREF in both groups. The CED-based group demonstrated larger mean changes
across all outcomes compared with the Sievert-based group.

Interaction Effects and Covariate Analysis

Model-based analyses examining time effects and interactions with demographic and professional variables are summar-
ized in Table 5. For radiation knowledge RKQ, a significant main effect of time was observed (F(1,69) = 24.862,
p <0.001, partial 5> =0.265), along with a significant interaction between time and prior radiation training (F(1,69) =
10.034, p =0.002, partial n* =0.127). Interactions between time and gender (p =0.872) and time and age (p =0.558) were
not statistically significant (Table 5).

Table 4 Posttest Comparisons Between Educational Groups

Outcome | Sievert Mean £ SD | CED Mean £ SD | t (df = 69) | p-value

RKQ 58.32 + 9.04 79.76 £ 10.16 -9.379 <0.001
RAQ 56.45 + 1.58 36.74 + 1.83 48.641 <0.001
RREF 75.67 = 3.17 47.12 £ 2.90 38.980 <0.001
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Figure 3 Mean change scores (post — pre) for RKQ, RAQ, and RREF by educational group.

For radiation anxiety RAQ significant main effects of time were observed across demographic strata (eg, gender F
(1,69) = 71.26, p <0.001, partial n* =0.508), while interactions between time and gender (p =0.337), time and age (p
=0.968), and time and prior training (p =0.092) were not statistically significant. (Table 6).

For radiation-related feelings and experiences RREF, significant main effects of time were also observed (gender F
(1,69) = 64.36, p <0.001, partial n* =0.482), with no statistically significant interactions involving gender, age, or prior
radiation training (Table 7).

Table 5 Mixed ANOVA / GLM results for Time and
Interaction Effects for RKQ (Knowledge)

Effect F df p-value | Partial n?

Time 24.862 | (1.69) | <0.001 0.265

Time X Prior training | 10.034 | (1.69) | 0.002 0.127

Time x Gender — — 0.872 —

Time X Age — — 0.558 —

Table 6 Mixed ANOVA / GLM results for Time and
Interaction Effects for RAQ (Anxiety)

Effect F df p-value | Partial n?
Time 71.26 | (1.69) | <0.001 0.508
Time x Gender — — 0.337 —

Time X Age — — 0.968 —

Time X Prior training | — — 0.092 —
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Table 7 Mixed ANOVA / GLM Results for Time and
Interaction Effects for RREF (Feelings/Experiences)

Effect F df p-value | Partial "’
Time 64.36 | (1.69) | <0.001 0.482
Time X Gender — — 0.461 —

Time X Age — — 0.938 —

Time X Prior training | — — 0.105 —

Discussion

This study indicates that symbolic dose communication, operationalised through CED, can serve as a practical leadership
intervention for improving staff understanding and emotional responses to radiation exposure. Compared with conven-
tional Sievert-based instruction, CED-based education produced larger improvements in radiation knowledge and larger
reductions in anxiety and radiation-related experiences. For nurse leaders, educators, and safety managers, these
outcomes matter because they support more consistent staff-to-staff and staff-to-patient communication, which is
a core element of clinical governance and safety culture.

The knowledge gains in the CED group, contrasted with minimal change after Sievert-based education (Figures 1 and 3),
suggest that standard physical quantities may not translate well into rapid conceptual learning for non-specialists.'®
Interpreting dose expressed in mSv can require multiple mental conversions and may add extraneous cognitive effort in
demanding clinical environments, limiting learning among shift-based nursing staff.'”"'® CED anchors dose to a familiar
clinical reference (a chest radiograph), thereby linking abstract quantities to an existing clinical schema and reducing
extraneous processing demands, consistent with cognitive load theory."® In short interventions, such anchoring may be critical
for converting information into usable knowledge.

The interaction between time and prior radiation training for knowledge indicates that nurses without formal radiation
education benefitted most from CED-based communication (Table 5). Reference-based learning strategies are often most
effective when baseline domain knowledge is limited because they provide a scaffold for interpreting unfamiliar
quantities.'® Nurses with previous training may already possess internal frameworks for interpreting physical dose units,
reducing the incremental value of symbolic representations. This supports a leadership approach in which CED-based
messages are prioritized for general nursing cohorts and units that do not routinely receive radiation-focused training.

The affective findings reinforce that dose communication is not purely informational. The larger reductions in anxiety
and radiation-related experiences observed in the CED group (Figures 2 and 3) are operationally important because
radiation-related anxiety among nurses has been linked to uncertainty, misunderstanding, and a perceived lack of
control.***2! A clinically meaningful reference frame may strengthen perceived comprehension and mastery, enabling
nurses to distinguish routine low-risk occupational exposures from higher-dose procedures and thereby appraise workplace
radiation risk more adaptively. Importantly, the observed reductions are compatible with informed reassurance rather than
risk minimisation, because improved interpretability can reduce fear without obscuring the need for protection practices.

Reductions in anxiety and radiation-related concerns were broadly consistent across age and gender groups, suggest-
ing usability across diverse nursing subgroups. This matters because nurses’ emotional responses can influence occupa-
tional wellbeing and engagement with radiation protection practices, and may shape the clarity and confidence of patient-
facing explanations.'> Improved staff understanding may also strengthen interprofessional consistency when radiation
benefit-risk is discussed in time-pressured settings such as emergency and critical care.

From a radiography practice perspective, these findings support integrating symbolic dose communication into
interdisciplinary education. Radiographers remain responsible for dose optimization and technical accuracy, but nurses
often lead peri-procedural care and patient explanations. Providing an interpretable reference such as CED can extend
radiation-safety culture beyond imaging departments and strengthen shared understanding across teams.”*?
Implementation can be led through standardized CED-based scripts for staff and patient discussions, especially in high-
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throughput units where time pressure increases variability. Leaders should align the script with existing radiation-
protection policies, embed CED in onboarding and annual refreshers co-delivered by nurse educators with radiology/
radiation-safety staff, and appoint unit leader to reinforce consistent language across shifts. Brief audits (eg, a knowledge
check and a single anxiety item) can feed continuous quality-improvement cycles This shared approach improves
teamwork and patient reassurance.

Limitations

The quasi-experimental design and non-random group allocation limit causal inference. The modest sample reflects
practical constraints of face-to-face education for nurses working rotating shifts, with some attrition between pre- and
post-testing. Outcomes were assessed immediately post-intervention, preventing evaluation of longer-term retention or
behavioural change. Reliance on self-reported measures may introduce response bias, and the single-centre setting may
limit generalisability.

Conclusion

Symbolic dose communication using CED produced superior educational outcomes among nurses compared with
Sievert-based education. CED was associated with greater improvements in radiation knowledge and larger decreases
in radiation anxiety and radiation-related feelings and experiences, particularly among nurses without prior radiation
training. Presenting dose using a clinically familiar reference frame appears to enhance interpretability and support
calmer appraisal. Future research should test longer-term retention, behavioural outcomes, and effects on patient-facing
discussions in larger samples.
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