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Purpose This study investigated several determinants of radiation safety culture among radiologic technologists to deter-
mine whether factors related to work shifts or workday length affect the perception of workplace radiation safety.

Methods The secondary analysis used de-identified data from 425 radiologic technologists collected with the Radiation
Actions and Dimensions of Radiation Safety (RADS) questionnaire, a 35-item survey with valid and reliable psychometric
properties. Respondents included radiologic technologists working in radiography, computed tomography (CT), mam-
mography, and hospital radiology administration. Descriptive statistics were used to report RADS survey item outcomes,
and analysis of variance (ANOVA) tests with Games-Howell post hoc tests were conducted to analyze the hypotheses.

Results Mean differences in perception of teamwork across imaging stakeholders (P < .001) and leadership actions (P = .001)
were found across shift-length groups. In addition, mean differences in perception of teamwork across imaging stakehold-

ers (P = 007) were found across work-shift groups.

Discussion Longer shifts (= 12 hours) and night shifts are related to a diminished perception of the importance of radiation
safety among radiologic technologists. The study showed a significant effect of these shift factors on the perception of

teamwork and leadership actions concerning radiation safety.

Conclusion These results underscore the importance of leadership actions and messaging, teamwork-building, and in-
service training on radiation safety for technologists who frequently work long, after-hours shifts.

s the demand for after-hours imaging contin-
ues to escalate in hospitals, especially in the
emergency setting," there is an increasing
need for greater numbers of radiologic tech-
nologists to work extended shifts and overnight shifts.
These shifts often are hectic and demanding. Concerns
have been raised that in these situations, radiologic
technologists might be disposed culturally to bypass
radiation safety best practices as a result of reduced
staffing and increased throughput expectations.
Therefore, this study investigated whether long and
after-hours shifts affect radiologic technologists’ per-
ceptions and attitudes regarding radiation safety.

In previous work, Moore et al found that shift length
(P <.001) and work shift (P = .007) had moderate and
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small effects, respectively, on the overall perception of
radiation safety among radiologic technologists.” The
findings showed that radiologic technologists work-
ing shifts of 12 hours or longer and night shifts had a
lower overall perception of radiation safety than those
working shorter and day shifts.” The present study
was conceived to further examine the determinants of
radiation safety culture to show whether other mean
differences exist between radiologic technologists
working various shifts or shift lengths.

Methods

This study is a secondary analysis that used
de-identified data from a 2019 survey of 425 U.S.
radiologic technologists.
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Ethical Considerations

The present research study was a secondary data
analysis of de-identified data, which did not require an
institutional review board evaluation. The original data
were collected under protocol number HS20-0031,
aresearch study exempted by the Northern Illinois
University Institutional Review Board.

Instrumentation and Data Usage

Data were collected in a quantitative, cross-sectional
study that used the Radiation Actions and Dimensions
of Radiation Safety (RADS) questionnaire, a 35-item
survey with valid and reliable psychometric properties.’
This study used data from 9 of the 11 determinant
scales in the questionnaire’: )

" error reporting (3 items, scale a = 71)
feedback loops (3 items, scale a = .84)
leadership actions (3 items, scale a = 70)
nonpunitive response (3 items, scale a = .79)
organizational learning (3 items, scale a = .76)
questioning attitude (3 items, scale a = .72)
radiation policy (4 items, scale a = .81)
teamwork across imaging stakeholders (3 items,
scale a = .74)

" teamwork in imaging (3 items, scale a = .81)

The personal accountability scale was not analyzed
in this study based on its scale reliability (a < .70). Also,
the overall perception of radiation safety scale was not
used because the data were already examined for work
shift and shift length. The data collection process,
which occurred in 2019, and response rate (7.8%) were
reported previously.”* Determinant definitions are
available in the previous research report.’

Subjects

The dataset included U.S. radiologic technologists
working in radiography, computed tomography (CT),
mammography, and hospital radiology management.
The total dataset included 425 participants, with all
425 reporting their primary shift length: less than
8-hour shifts (4.9%, n = 21), 8- to 9-hour shifts (62.8%,
n = 267), 10- to 11-hour shifts (13.9%, n = 59), or
12 hours or more shifts (18.4% n = 78). Also, 409 of
the 425 respondents (96.2%) reported their work shift;
participants reported working first shift or 12-hour day
shift (75.3%, n = 308), second shift (7.8%, n = 32),
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third shift or 12-hour night shift (9.0%, n = 37), or float
shift (7.8%; n = 32).

Other participant characteristics in this dataset
were not analyzed in this study, but categorical
majorities are reported for transparency. Out of
425 participants, radiologic technologists primarily
worked in radiography (62.4%, n = 265) as staff tech-
nologists (n = 328; 77.2%), were employed full time
(80.5%, n = 342), held an associate degree (52.2%,

n = 222) and 1 medical imaging credential (46.1%,

n = 196), were 55 to 64 years old (27.5%, n = 117),
and had 25 or more years of experience (29.2%,

n = 124). There also were optional demographic
questions included in the dataset, with most items
having 408 or 409 responses. The data indicate that
most respondents were women (80.6%, n = 329 of
408) who worked in hospitals (58.4%, n = 239 of
409) and served adult and pediatric patients (77.5%,
n = 317 0f 409) in a suburban setting (42.6%, n = 174
of 408). Data also showed that respondents were from
49 of S0 U.S. states.

Data Analyses

SPSS Statistics (IBM, version 26.0) was used
for all data analyses. Descriptive statistics included
means and standard deviations for continuous data.
A series of 1-way analysis of variance (ANOVA)
tests were performed to evaluate whether mean dif-
ferences were present for a variety of dependent
radiation safety culture-determinant variables
based on shift length (H1 independent variable;
4levels: < 8 hours; 8-9 hours, 10-11 hours, or = 12 hours)
or work shift (H2 independent variable; 4 levels:
first shift or 12-hour days, second shift, third shift or
12-hour nights, or float). Hypothesis (H: ul=p2=
U3 = p4, Hae pl # p2 # p3 # u4) were evaluated with
each dependent variable:

® Hi,and H, - Teamwork in imaging
Hi, and Hy, - Teamwork across imaging
Hicand H - Questioning attitude
Hiqand Hyq - Feedback loops
Hic and H.. - Organization learning
Hirand Hys - Leadership actions
H,gand H, - Nonpunitive response
Hin and Ha, - Error reporting
Hiiand Hy - Radiation policy
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The F ratio and its associated probability value
(P value) were calculated. P values less than or equal to
.05 resulted in the null hypothesis (Ho) being rejected,
meaning that groups with the given variable differed
with significance. Post hoc tests were carried out to
determine the specific groups that differed for each
significant F test result. The Games-Howell post hoc
test was used in this study because of unequal sizes
between groups. Adjusted R” was interpreted to evalu-
ate the effect size for each significant variable as a
method to describe the importance of each significant
mean difference. Per Cohen, values of .01, .06, and
.14 were used as thresholds to report small, moderate,
and large effects, respectively.” Post hoc power also
was considered at the threshold of .80 to determine
the control for type II (false negative) error to detect a
true difference.

Results
Mean differences in perception of teamwork across
imaging stakeholders (P < .001) and leadership actions
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(P =.001) were found across shift-length groups.
Mean differences in perception of teamwork across
imaging stakeholders (P = .007) were found across
work-shift groups.

Descriptive Statistics

Across the determinants of radiation safety culture,
regardless of shift length, radiologic technologists rated
teamwork in imaging most favorably (see Table 1).
Radiologic technologists working less than 8-hour
shifts had the most favorable perceptions of radiation
safety culture, with § of the 9 determinants exceed-
ing a mean score of 4.0. Those working 8- to 9-hour
shifts had lower perceptions of radiation safety, with
teamwork in imaging and leadership actions exceed-
ing a mean determinant score of 4.0; those working
10- to 11-hour shifts and 12-hour or longer shifts rated
teamwork in imaging with a mean score above 4.0. All 4
shift-length groups rated the categories of error report-
ing and nonpunitive response as least favorable. Table 2
reports complete descriptive data for shift length.

Table 1

Rank Order of Determinant Favorability by Shift Length

Rank < 8hours 8-9 hours 10-11 hours = 12 hours

1 Teamwork in imaging Teamwork in imaging Teamwork in imaging Teamwork in imaging
M=437) (M=4.25) M=412 M=413)

2 Questioning attitude Leadership actions (M =4.08)  Radiation policy (M = 3.84) Questioning attitude
M=417) (M=375)

3 Leadership actions (M =4.14)  Teamwork across imaging

stakeholders (M = 3.98)

Questioning attitude
(M=396)

Radiation policy (M = 3.96)

B Radiation policy (M = 4.14)

5 Teamwork across imaging
stakeholders (M = 4.12)

6 Organizational learning
(M =389

7 Feedback loops (M = 3.85)

Feedback loops (M = 3.72)

Organizational learning
M=372)

Nonpunitive response
(M =349

Error reporting (M = 3.30)

8 Error reporting (M = 3.61)

9 Nonpunitive response
M=338)

Questioning attitude (M= 3.82) Radiation policy (M = 3.74)

Teamwork across imaging Leadership actions (M = 3.72)

stakeholders (M = 3.76)

Leadership actions (M =3.76)  Teamwork across imaging

stakeholders (M = 3.57)

Organizational learning
(M=355)

Feedback loops (M = 3.55)

Organizational learning
(M =360)

Feedback loops (M = 3.54)

Nonpunitive response
M =328

Error reporting (M = 3.22)

Nonpunitive response
(M=324)

Error reporting (M = 3.23)
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Table 2

Descriptive Statistics for Radiation Safety Culture
Determinants by Shift length

Shift length, h* M (SD) SE 95% Cl
Leadership actions

<8 414063 014 3.86-443
8-9 408 (074 005 399-417
10-11 376(083) 0n 354-397
=12 372(099) OM 350-395
Total 397(081) 004 3.89-4.05
Nonpunitive response

<8 338(101) 022 292-384
89 349(083) 005 339-359
10-1 328(097) 013 303-353
=12 324083 010 304-344
Total 341(087) 004 332-349
Error reporting

<8 361(1.02 022 315-408
89 330(1.06) 006 317-342
10-11 322(100) 013 296-348
=12 323(1.03) 012 299-346
Total 329(1.04) 005 319-3.39
Radiation policy

<8 414(058) 013 3.88-440
89 396(0.74) 005 3.87-4.05
10-11 384(074) 010 365-403
=12 374(084) 010 355-393
Total 391(076) 004 384-398

Shift length, h’ M (SD) SE 95%Cl
Teamwork in imaging

<8 437(053) 0N 413-460
8-9 425(076)  0.05 416-4.35
10-1 412(067) 009 395-430
=12 413(090) 010 393-434
Total 422(076) 004 415-4.29
Teamwork across imaging stakeholders

<8 412(059 013 3.85-4.39
89 398(076) 005 380-407
10-11 376(079) 010 3.56-397
=12 357(091) 010 3372318
Total 388(080) 004 381-39
Questioning attitude

<8 417068 015 3.87-448
89 396(0.74) 005 3.87-4.05
10-11 382(080) 0.0 362-403
=12 3750094 0n 3.54-396
Total 392(0790 004 3.84-399
Feedback loops

<8 3850099 022 340-431
8-9 3.72(1.08) 007 3.59-3.85
10-11 354(103) 013 3.27-381
=12 3550177 013 329-382
Total 367(1.08) 005 3.56-3.77
Organizational learning

<8 389(0.55) 012 364-414
8-9 372(075 005 363-381
10-11 360(0.75) 010 340-3.79
=512 355(089) 010 335-375
Total 368(077) 004 361-375

Similar outcomes were observed in the descrip-
tive statistics from work-shift groups, with teamwork
in imaging having the highest mean score and

412

*Lessthan8h,n = 21;8-9h,n = 267-10-11 h,n = 59: = 12 h, n = 78: total,

N = 425,
Abbreviation: Cl, confidence interval.

error reporting and nonpunitive response having
the lowest mean scores across work-shift groups

(see Tables 3 and 4).

Radiation Safety Culture Based on Shift

Length

One-way ANOVA test results demonstrate that
shift length groups had a mean difference in the
means for 2 of the 9 dependent variables (see Table ).
The significant variables included teamwork across
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Rank Order of Determinant Favorability by Work Shift
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First shift or days on 12-hour Third shift or nights on Float or no defined primary
Rank shift Second shift 12-hour shift shift
1 Teamwork in imaging Teamwork in imaging Teamwork in imaging Teamwork in imaging
M=424) M=403) M =409 M =439
2 Leadership actions (M =4.00) Questioning attitude Radiation policy (M = 3.84) Radiation policy (M = 4.23)
(M=388)

3 Teamwork across imaging
stakeholders (M = 3.95)

4 Questioning attitude
(M=394)

5 Radiation policy (M = 3.90)

Radiation policy (M = 3.79)
Feedback loops (M = 3.68)
6 Organizational learning

M=369
7 Feedback loops (M = 3.67)

Teamwork across imaging
stakeholders (M = 3.64)

Organizational learning

M =3.54)
8 Nonpunitive response Nonpunitive response
(M =346) (M=338)

9 Error reporting (M = 3.29) Error reporting (M = 3.14)

Leadership actions (M = 3.84)

Questioning attitude
M=373)

Leadership actions (M = 3.71)

Teamwork across imaging
stakeholders (M = 3.55)

Organizational learning
M=352)

Feedback loops (M = 3.44)

Error reporting (M = 3.20)

Nonpunitive response
(M=3.08)

Leadership actions (M = 4.05)

Feedback loops (M =3.92)

Organizational learning
M=392)

Teamwork across imaging
stakeholders (M = 3.89

Questioning attitude
M=388)

Error reporting (M = 3.54)

Nonpunitive response
M=338)

imaging stakeholders (F; .4 = 6.49, P <.001) and
leadership actions (Fs .4 = 5.87, P = .001). Mean dif-
ferences in teamwork in imaging, questioning attitude,
feedback loops, organizational learning, nonpunitive
response, error response, and radiation policy were not
observed in shift-length groups at the level of P < .0S.
Effect size also is reported in Table §, with shift length
having a small effect on the perception of teamwork
across imaging stakeholders and leadership actions.
The observed power for both variables was deemed
acceptable (> .80).

Games-Howell post hoc tests were conducted to
determine which groups differed for each significant
F test result (see Table 6). Post hoc tests revealed
significant differences in teamwork across imaging
stakeholder scores between radiologic technologists
working less than 8-hour shifts (M = 4.37,SD =.53)
and those working 12-hour shifts or longer (M = 4.13,
SD = .90), along with radiologic technologists work-
ing 8- to 9-hour shifts (M = 4.25, SD = .76) and those
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working 12-hour shifts or longer. Post hoc tests also
revealed significant differences in leadership action
scores between radiologic technologists working 8- to
9-hour shifts (M = 4.08, SD = .74) and those work-
ing 10- to 11-hour shifts (M = 3.76, SD = .83), along
with significant differences between those working

8- to 9-hour shifts and radiologic technologists working
12-hour shifts or longer (M = 3.72, SD = .99).

Radiation Safety Culture Based on Work Shift
One-way ANOVA test results demonstrate that
work-shift groups had a mean difference between
them in 1 of the 9 dependent variables: teamwork
across imaging stakeholders (Fs 405 = 4.07, P = .007).
The data, including effect size, are reported in Table 7.
Work shift had a small effect on teamwork across
imaging stakeholders. Further, the observed power for
the teamwork across imaging stakeholder variable was
also deemed acceptable (0.84). Mean differences in
teamwork in imaging, questioning attitude, feedback
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Table 6

Games-Howell Post Hoc Test Results for
Shift Length

Mean
Shiftlength, h  difference SE  Pvalue 95% Cl

Teamwork across imaging stakeholders

<8 89 014 014 722 =023-10.52
10-11 0.36 017 142 —0.08-0.80
=12 0.55° 017 009 0.11-099
8-9 <8 —0.14 014 722 —-052-0.23
10-11 022 on .22 —0.08-0.51
=12 041° o .003 0.11-070
10-1 <8 —-0.36 017 142 -080-008
8-9 =022 on 22 —0.51-0.08
=12 019 015 4.56] —0.19-0.57

2 128 —0.55° 017 009 —099- -0.11
8-9 —0471° 0.1 003 —-0.70--0M
10-1 =019 015 561 —-057-0.19

Leadership actions

<8 89 0.06 014 970 —0.33-046
10-11 039 018 137 -0.08-0.85

29 042 018 097 —005-0.89
89 <8 —0.06 014 970 —046-033
10-11 032° 012 038 001-063
=212 0.36° 012 021 0.04-067
10-1 <8 —-0.39 018 137 —0.85-0.08
8-9 ~0.32° 012 038 —063--001
=12 003 016 9% —0.37-044
=12 8 —-042 018 097 —0.89-005
89 -0.36° 012 021 =067 - —=0.04
10-11-—.=0.03 016 9% —044-037

* The mean difference s significant at the P = .05 level

and teaching is being emphasized, widespread efforts
to apply collaborative interdisciplinary teaching and
learning practices are needed to enhance radiation
safety in the clinical setting,

Similarly, the actions and expectations of lead-
ers are well known to influence the behavior of their
subordinates, so a relatively lax attitude from leader-
ship—perhaps in the service of doing more with less
under conditions of marginal or inadequate levels of
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staffing—might contribute to undesirable downstream
effects. Leaders often establish cultural norms in an
organization, and their actions can serve to enhance
adherence to best practices in radiation safety. This
study demonstrates that enhanced leadership is needed
to support radiologic technologists who work longer
shifts and night shifts to improve perceptions of radia-
tion safety practices in the workplace.

Four T’s of Leadership

The World Health Organization indicates that the
4 T's of leadership (truth, trust, teamwork, and training)
can be used to improve radiation safety culture.” That
framework aligns with the findings in this study that
suggest positive perceptions of teamwork across imag-
ing stakeholders and leadership actions are diminished
with longer shift lengths, and, likewise, teamwork across
imaging stakeholders across work shifts. Leader pres-
ence, engagement, and collaborative actions are critical
elements for achieving a positive and effective radiation
safety culture. Radiologic technologists must be able to
bring forward challenges and concerns and trust that
leaders will follow through with appropriate actions.
Teams must collaborate to analyze radiation safety
challenges and formulate quality improvement action
plans. Fostering a radiation safety culture necessitates
that leaders develop and facilitate trust, collaborate,
provide positive and critical appraisal, and communicate
between imaging stakeholder groups. Day shift staffing
models naturally allow for better collaboration because
of the physical presence of leaders and various imaging
stakeholders, but presence alone does not equal inten-
tionality. Leaders must be deliberate in their actions
and prioritize efforts to improve radiation safety. It is
understood that distancing of imaging stakeholders has
occurred throughout the digital imaging era," but this
study confirms that shorter shifts and day shifts per-
ceive the collaboration to be more acceptable than those
working outside of usual business hours.

Although this study focused on work shifts, find-
ings demonstrate the importance of the 4 T's described
by the World Health Organization. Of course, every
environment and clinical situation is different, but col-
laboration, ongoing training and development, and
truth-driven improvement strategies are necessary to
foster optimal radiation safety cultures.
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Table 7
One-way ANOVA Results for Work Shift
Observed
Dependent Variable F3408 Pvalue  Outcome Adjusted R’ Effect size - power
Teamwork in imaging 152 208 Fail to reject 0.004 040
Teamwork across imaging stakeholders  4.07 007 Reject null 0.022 Small 0.84
Questioning attitude 0.87 457 Fail to reject -0.001 0.24
Feedback loops 1.09 352 Fail to reject 0.001 0.30
Organizational learning 187 135 Fail to reject 0.006 048
Leadership actions 179 149 Fail to reject 0.006 047
Nonpunitive response 214 095 Fail to reject 0.008 0.54
Error reporting 091 438 Fail to reject -0.001 0.25
Radiation policy 237 070 Fail to reject 0010 0.59
Table 8
Games-Howell Post Hoc Test Results for Work Shift
Mean
Shift difference SE Pvalue 95% Cl
Teamwork across imaging stakeholders
First shift or dayson ~ Second shift 031 0.18 330 -0.18-0.80
12-hour shift Third shift or nights on 12-hour shift 040° 014 035 0.02-0.79
Float or | do not have a defined primary shift 007 0.8 981 —042-0.55
Second shift First shift or days on 12-hour shift =031 . 0.18 330 -080-0.18
Third shift or nights on 12-hour shift 0.09 0.22 975 -049- 068
Float or | do not have a defined primary shift —-0.24 0.25 763 —090-041
Third shift or nights on  First shift or days on 12-hour shift -040° 0.4 035 -0.79- =002
12-hour shift Second shift -0.09 0.22 975 ~068- 049
Float or | do not have a defined primary shift -033 0.22 437 -092-0.25
Float or | do not havea  First shift or days on 12-hour shift -0.07 0.18 981 -0.55-042
defined primary shift  Second shift 0.24 025 763 ~041-090
Third shift or nights on 12-hour shift 0.34 0.22 437 —0.25-092
* The mean difference is significant atthe P = .05 level,
Limitations Future Research

It is impossible to control for all variables that
might affect the study population and tend to affect
the study’s population means. Thus, caution must be
taken when attributing causes to the effects the authors
report. In addition, all data were self-reported, making
recall bias and social-desirability bias possible.
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There are many aspects to the after-hours working
environment that might have a role in the observed
results. For example, workers who are tasked with cov-
ering shifts occasionally outside of their usual diurnal
rhythm might experience greater fatigue and disori-
entation than will those who work after-hours shifts
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regularly.*" Effects of fatigue on performance are
greater for less-experienced workers.""” Correlating the
perception of how well staffing levels meet demand also
might be a factor. In future work, these factors can be
assessed separately.

Conclusion

Intentional engagement by leaders and stakeholder
teams across work shifts and various shift lengths is
likely critical to improving radiation safety practices in
settings where radiologic technologists work long and
after-hours shifts. The authors’ results show a decline
in the perception of teamwork and leadership actions
during such times. Although further work is needed to
tease out the specific issues that underlie these results, it
seems clear that managers and institutional leaders must
place a greater emphasis on cultivating and maintaining
the safety culture in their organizations for after-hours
workers, especially those who work extended shifts. In
addition to consistent messaging from leadership, spe-
cific efforts toward teamwork-building and in-service
education on radiation safety best practices are needed.

Quentin T Moore, PhD, R.T.(R)(T)(QM), conducted this
study when he was director of imaging sciences and associate
professor for Mercy College of Ohio in Toledo.
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