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Abstract

This study integrates previously isolated findings of nursing outcomes research into an
explanatory framework in which care left undone and nurse education levels are of key
importance. A moderated mediation analysis of survey data from 11,549 patients and 10,733
nurses in 217 hospitals in eight European countries shows that patient care experience is better in
hospitals with better nurse staffing and a more favorable work environment in which less clinical
care is left undone. Clinical care left undone is a mediator in this relationship. Clinical care is left
undone less frequently in hospitals with better nurse staffing and more favorable nurse work
environments, and in which nurses work less overtime and are more experienced. Higher
proportions of nurses with a bachelor’s degree reduce the effect of worse nurse staffing on more
clinical care left undone.
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Introduction

Although the patient safety movement has emphasized systems for avoiding errors of
commission in the delivery of health care (e.g., marking the wrong eye for surgery), low-
quality nursing care also inheres in the omission of beneficial care (Kalisch, Landstrom, &
Hinshaw, 2009). Studies in England (Ball, Murrells, Rafferty, Morrow, & Griffiths, 2014)
and the United States (Sochalski, 2004) have shown that units evaluated by nurses as having
lower quality of care are often those in which required patient care tasks are being missed or
omitted.
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Kalisch (2006) has delineated nine specific aspects of regularly missed nursing care—
ambulation, turning, delayed or missed feedings, patient teaching, discharge planning,
emotional support, hygiene, intake and output documentation, and surveillance—and
observes that nursing staff typically attribute their omission to factors that are indicative of
organizational deficiencies, including too few staff, poor use of existing staff resources,
delays in nursing intervention, poor teamwork, and ineffective delegation, habit and denial
(Kalisch, Doumit, Lee, & Zein, 2013; Kalisch, Tschannen, & Lee, 2011).

In this article, we elaborate the role of the provision of nursing care—specifically, the
amplitude of nursing care tasks that are left undone—on the relationship between the
organization of hospital nursing and care as experienced by patients. The conceptual
framework underlying this study builds on the missed nursing care model by Kalisch et al.
(2009) and Schubert et al.”s (2008) framework of “implicit rationing of nursing care,” which
are conceptually similar extensions of Donabedian’s (1988) theory of Quality Health Care.
Donabedian advanced the idea that the quality of care can be assessed by examining health
care structures, processes, and outcomes. Organizational structures (hospitals, nursing units)
with better work environments and better labor or capital (i.e., nurse staffing and education)
achieve better patient outcomes. Work environments supportive of professional nursing
practice, that is, those in which well-trained nurses have the autonomy and time to exercise
maximally their professional competences in service to patient care, are critically important
in providing safe, high quality patient care (Aiken et al., 2011; Aiken et al., 2012; McHugh
et al., 2013). High-quality labor, indicated by better nurse staffing (or lower patient-to-nurse
ratios) and higher proportions of bachelor prepared nurses, has been shown to produce better
outcomes than low-quality labor (Blegen, Goode, Spetz, Vaughn, & Park, 2011). It is
theorized that organizations with more favorable work environments, adequate nurse
staffing levels, and a higher educated nurse workforce increase productivity, in the sense of
allocating tasks more efficiently across the available labor supply, resulting in less care left
undone, which in turn results in better patient outcomes. This model is tested empirically in
two steps.

First, we measure the extent to which nursing care that is left undone mediates the
relationship between the organization of hospital nursing and patient experiences with
hospital care. The direct association between patient experiences and two key elements of
the organization of hospital nursing, patient-to-nurse ratios and the character of the nurse
work environment, is well-attested (Aiken et al., 2012; Kutney-Lee et al., 2009; Vahey,
Aiken, Sloane, Clarke, & Vargas, 2004; You et al., 2013). In addition, the recent Registered
Nurse Forecasting (RN4CAST) study (Sermeus et al., 2011), conducted in 12 European
countries, demonstrates that although necessary care activities are frequently omitted in the
nursing care process, this happens less often in hospitals with more favorable work
environments, lower patient-to-nurse ratios, lower proportions of nurses performing
nonnursing tasks, more experienced nurses, greater use of full-time nurses (Ausserhofer et
al., 2014), and lower proportions of nurses working overtime (Griffiths et al., 2014). The
study by Griffiths et al. also shows that overtime is associated with nurses’ reports of poor or
failing patient safety and poor or fair quality of care. Researchers in the United States have
found that working overtime is associated with an increased likelihood of making errors, an
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effect that is stronger with longer shifts (Rogers, Hwang, Scott, Aiken, & Dinges, 2004).
Patient experiences with care are lower with extended shifts, and nurses are also at a higher
risk of burnout (Stimpfel, Sloane, & Aiken, 2012). Patients recognize when needed care is
omitted (Kalisch, McLaughlin, & Dabney, 2012), and patients’ reports of missed care
correlate with adverse events and converge with nurses’ reports of missed care (Kalisch,
Xie, & Dabney, 2013).

We show that relationships similar to those observed in the United States—from nursing
organization and the extent of care left undone to patient care experiences—obtain in the
European data as well. We then decompose the association between nursing organization
and patient care experiences into the direct relationship and the portion that is mediated by
the provision of nursing care. In particular, we establish the dimensions of nursing care left
undone that figure most prominently in the path to lower patient care experiences.

Second, we specify and measure how the importance of care left undone, as an intervening
variable, is moderated by the effects of the educational level of hospital staff nurses.
Previous analyses of RN4ACAST study data have shown a significant association between
better educated nurses and lower patient mortality (Aiken et al., 2014), a result also found in
comparable data for the United States (Aiken et al., 2011). However, these data did not show
a direct effect of education on patient experiences with care (Aiken et al., 2012).
Nevertheless, hospitals with a better educated nurse workforce may increase productivity, in
the sense of allocating tasks more efficiently across the available labor supply. We know
that similar interactions have been observed elsewhere—for example, that increases in
staffing are less productive in deleterious nursing work environments than in good work
environments (Aiken et al., 2011).

Our analytic model thus emphasizes the synergy between nursing education and nurse
staffing. Nurses educated to at least a bachelor’s degree may be better able to mitigate the
negative impacts of constraints posed on nurse staffing within a hospital (Griffiths, Maben,
& Murrells, 2011). Nurse staffing levels will interact with nurse education in their effect on
care left undone. It is in this sense that nursing education is a moderating factor (Baron &
Kenny, 1986; James & Brett, 1984).

New Contribution

Process variables explaining why the organization of nursing care impacts care outcomes
have long been theorized, but their effects have not been empirically tested through the
application of appropriate statistical techniques. Advances in multilevel mediation and
moderation analysis allow us to better represent statistically the evolving theory. Using
quality measures that are the basis for public reporting of patients’ hospital experiences and
for hospital value-based purchasing in the United States, we now provide evidence on the
interrelationship between the structure, the process, and patient outcomes of nursing care.
We also provide decision makers with evidence of the joint effect of nurse workload and
education levels on the completion of necessary nursing care.
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Study Design

Measures

We analyze the cross-sectional RN4CAST study data from eight countries in which surveys
of both nurses and patients on general surgical and internal medicine units were collected in
2009-2010. Patients provided information on their experiences with hospital care. Nurses
provided information on nursing care in their hospital, their well-being, their last shift, and
staff characteristics. For both the nurse and patient surveys, a rigorous translation procedure
and cultural adaptation of items was undertaken (Squires et al., 2012; Squires et al., 2013).
The full data collection protocol is described by Sermeus et al. (2011).

Patient Experiences With Hospital Care (Outcome Variables)—Patients’ overall
ratings of the hospital and their willingness to recommend the hospital to friends and family,
two global items derived from the U.S. Hospital Consumer Assessment of Healthcare
Providers and Systems survey (Darby, Hays, & Kletke, 2005), are used as measures of
patient experiences with care. Both measures are rescaled to reflect the empirical densities
of responses and the modal response categories used by patients. Ratings of the hospital
from O (worst) to 10 (best) were dichotomized to contrast ratings of 0 to 8 versus 9 to 10.
For recommending the hospital to family and friends, we contrasted respondents who would
definitely recommend the hospital with respondents who had reservations about doing so
(probably yes, probably no, definitely no; Aiken et al., 2012; Jha, Orav, Zheng, & Epstein,
2008).

Organization of Nursing Care (Main Explanatory Variables)—Nurse staffing is
calculated as the mean number of patients assigned to nurses on their last shift. The nurse
work environment is defined by organizational characteristics that facilitate or constrain
professional nursing practice, using the 32-item Practice Environment Scale of the Nursing
Work Index (PES-NWI). This measure consists of five subscales of items rated on a 4-point
scale, with responses ranging from strongly disagree to strongly agree (Lake, 2002). The
mean of four subscales is used to calculate a composite nursing work environment score
(Aiken et al., 2012). The four subscales reflect “collegial nurse-physician relations,” “nurse
participation in hospital affairs,” “nursing foundations for quality of care,” and “nurse
manager ability, leadership, and support of nurses.” A fifth subscale, which measures
“staffing and resource adequacy,” was not included as it overlaps empirically with the direct
measure of nurse staffing we employ in our models. The concept of nonnursing tasks
performed is measured from nurses’ responses about the extent (never, sometimes, or often)
to which they had performed nonnursing tasks during their last shift. Responses are
categorized as often versus never or sometimes. Overtime was measured from nurses’
answers to whether or not they had worked beyond their contracted hours on the last shift
they worked. We also employ measures of nurses’ type of employment (full-time, part-time)
and years of experience as a nurse.

Nursing Care Left Undone (Mediating Variables)—Our construct of nursing care left
undone is based on nurses’ reports of tasks that were left undone on their last shift because
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of lack of time, from a list of 13 nursing activities. Exploratory factor analysis was used to
examine the dimensions of care left undone. Two dimensions emerged (comparative fit
index = .98; Tucker—Lewis index = .95; root mean square error of approximation = .050;
standardized root mean square residual = .035). The first factor contains seven items
(adequate patient surveillance, skin care, oral hygiene, pain management, treatments and
procedures, administering medication on time, frequently changing the patient’s position)
that reflect clinical nursing care activities left undone. The second factor consists of five
items that reflect planning and communication activities left undone (comfort/talk with
patients, educating patients and family, preparing patients and families for discharge,
developing or updating nursing care plans/ care pathways, planning care). The item
“adequately documenting patient care” did not have a significant loading on any of these
factors and was therefore excluded. We evaluated measurement invariance of this factor
solution across the eight countries, applying progressively more stringent constraints in
multiple group confirmatory factor analysis (Chen, 2007; Meredith, 1993). We found
evidence of configural (invariant factor loading pattern), metric (invariant factor loadings),
and scalar invariance (invariant factor intercepts) of the factor solution (Horn & McArdle,
1992). This implies that scores can be compared across countries.

Nurse Education Levels (Moderating Variable)—Nurse education was measured by
the percentage of nurses in the hospital that had obtained at least a bachelor’s degree. This
information was available from the nurse survey.

Hospital Structural Characteristics (Confounding Variables)—Data on hospital
characteristics were provided by the hospital management using their own institutional
record systems. We distinguished hospitals with respect to size (number of beds), teaching
status (teaching hospital or nonteaching hospital), and technology level (with open heart
surgery, organ transplantation, or both defining high-technology hospitals).

Statistical Analysis

Nurse and patient survey data and administrative data on hospital structural characteristics
are linked through common identifiers at the country and hospital levels. For patients, the
original data structure with patients nested within hospitals within countries is preserved,
and outcomes are observable at the individual level. These are linked with aggregated
(hospital-level) measures of the main explanatory, mediating, moderating, and confounding
variables derived from the nurse survey and the administrative data. For the outcome
measures of patients ratings of their hospital and willingness to recommend it, percentages
of missing values were low, respectively, 4.3% (n = 498) and 4.5% (n = 555). The rates of
missing data values from the patient survey are similar to rates in the nurse survey data.
Since missing values were evenly distributed across hospitals and since these data were
aggregated to the hospital level, this was not of concern in the statistical analyses.

To frame the mediation analysis we estimate the associations between (a) the main
explanatory variables and the outcomes, (b) the main explanatory variables and the
hypothesized mediating variables, and (c) the hypothesized mediating variables and the
outcomes while also including the main explanatory variables (Baron & Kenny, 1986;
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MacKinnon, Fairchild, & Fritz, 2007). Statistical techniques and practical examples of
(multilevel) mediation and moderated mediation models have recently been extensively
discussed in organizational sciences. This study uses the framework proposed by Preacher,
Rucker, and Hayes (2007). To account for the clustering of patients within hospitals within
countries, our computational model includes three levels. We apply a multilevel (random
intercepts) mediation model to analyze whether the two dimensions of care left undone
mediate the relationship between hospital-level patient-to-nurse ratios and nursing work
environments and patient experiences with care. We then specify a multilevel moderated
mediation model to evaluate whether the indirect effect of patient-to-nurse ratios on patient
experiences with care through the amount of care left undone remains similar across
hospitals with different nurse education levels. The direct effect of care left undone on
patient outcomes remains constant. The variables involved in the interaction analysis are
group-mean centered, meaning that they deviate around the country mean (Enders &
Tofighi, 2007). In all models, we control for hospital size, teaching status, and technology
level.

Mplus Version 7.2 was used for this study (Muthén & Muthén, 2012). The three-level
models were estimated using Bayesian methods, which are imposed by the statistical
software for estimating this type of model. This is the first report using multilevel moderated
mediation models to estimate the relationship between nursing organization of care and
patient outcomes. This technique, including model fit evaluation, is discussed in more detail
in the appendix. Our method of model fit evaluation was used previously in the context of
Bayesian analysis in nursing outcomes research (Bruyneel et al., 2014).

Descriptive Findings

Table 1 provides an overview of nurse and patient surveys that were collected in the eight
European countries. We obtained data for 11,549 patients and 10,733 nurses in 217 hospitals
in eight countries (Belgium, Finland, Germany, Greece, Ireland, Poland, Spain, and
Switzerland).

Table 2 displays descriptive statistics for the main explanatory variables, hypothesized
mediators, and patient experiences with care. The means and ranges are estimated from
hospital-level data and show, for example, that nurses in the 60 hospitals in Belgium
reported an average of 1.79 clinical care activities left undone and that the average ranges
from 0.66 to 3.32 across the 60 hospitals. Most of these descriptive findings have been
extensively discussed in previous work (Aiken et al., 2012; Aiken et al., 2014; Aiken,
Sloane, Bruyneel, Van den Heede, & Sermeus, 2013; Ausserhofer et al., 2014; Griffiths et
al., 2014), but the variation in nurse-reported care left undone requires additional comment.
In all countries but Greece, the average number of planning and communication activities
left undone is higher than the average number of clinical care activities left undone, despite
being measured by two fewer items. On average, Greek nurses’ reports on clinical care left
undone by far exceed those of other countries, while German nurses report the highest
average number of planning and communication activities left undone. Relative to the other
countries in this study, Switzerland and Finland are on average rather low on both
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dimensions of care left undone. Like the other explanatory variables and outcomes included
in this analysis, both dimensions of care left undone vary substantially across countries and
across hospitals in each country.

Effects of Organization of Nursing Care to Patient Experiences With Care and Clinical Care
Left Undone

Table 3 displays the findings from the regression analysis preceding the mediation analysis.
Step 1 shows that patients report better experiences with care in hospitals with more
favorable nursing work environments and lower patient-to-nurse ratios. Performing
nonnursing tasks, years of experience, type of employment, and performing overtime did not
relate to patient experiences with care. Step 2 shows that more favorable work
environments, lower patient-to-nurse ratios, and performing less overtime significantly
relate to fewer clinical nursing care tasks left undone and fewer planning and
communication activities left undone. Fewer clinical care tasks left undone is also associated
with more years of experience, while fewer planning and communication activities left
undone related to nurses performing fewer nonnursing tasks. There was no interaction
between any of these variables that explained missed nursing care. Step 3 shows that clinical
care left undone is associated with patient experiences of their hospitals and their
willingness to recommend them, while planning and communication activities left undone is
not. Only significant effects will be included in the mediation analysis. Thus, while clinical
care activities left undone will be hypothesized to mediate the effect of more favorable work
environments and lower patient-to-nurse ratios on better patient experiences with care, type
of employment will not be included in the model since it does not relate to patient
experiences with care or to the hypothesized mediators of care left undone.

Mediation Effects

Table 4 shows the regression coefficients estimated in the mediation analyses. The amount
of clinical care left undone partially mediates the effects of patient-to-nurse ratios and work
environment on patients recommending the hospital. It also partially mediates the effect of
patient-to-nurse ratios on patient ratings of their hospitals, and fully mediates the effect of
work environments on patient ratings of their hospitals. This can be seen from the non-
significant association between work environment and patient ratings of their hospitals.

Moderated Mediation Effects

Table 5 provides the estimated regression coefficients from the moderated mediation models
for the two patient outcomes, which extends the mediation analyses by introducing nurse
education level as a moderating variable. Clinical care left undone mediates the effect of
nurse staffing levels on both patient outcomes differently depending on the proportion of
nurses trained to a bachelor’s degree. The significant interaction effect in the upper part of
Table 5 indicates that the effect of having higher hospital patient-to-nurse ratios on clinical
care left undone is smaller in hospitals with higher proportions of nurses with at least a
bachelor’s degree. These findings of moderated mediation are illustrated in the path diagram
in Figure 1. This graphical representation follows Donabedian’s (1988) triad depiction of
structure, process, and outcome and Edwards and Lambert’s (2007) display of first stage
moderated mediation. The lower part of Table 5 shows that the extent to which clinical care
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left undone mediates the effect of nurse staffing is conditional on nurse education levels.
The conditional indirect effect is statistically significant only for hospitals with lower than
average nurse education levels. The mediation effect with regard to nursing work
environment found previously was included in the moderated mediation analysis and
remained stable. As described in the appendix, model fit was acceptable.

Sensitivity Analysis

Several sensitivity analyses were performed to evaluate these findings. First, we tested for
configural similarity of our construct relations across levels (Chen & Bliese, 2005). We
aggregated the main covariates, mediators, and moderator to the nursing unit level (n = 887),
rather than the hospital level, and again linked them to patient experience data using
common unit identifiers. Significance tests and the direction of effects were consistent with
the hospital-level analysis. This suggests that our theory and findings are homologous across
levels. Second, results were also consistent when we used the original values for staffing and
education in the moderated mediation analyses instead of group-mean centered values.
Third, all analyses that included nurse education levels were repeated omitting the two
countries with no variation in nurse education across hospitals (Germany and Spain).
Omitting the two countries did not alter our findings.

Discussion

Nursing- and patient-oriented health services researchers should align the theoretical basis
for their research with appropriate statistical techniques (Griffiths, 2009; Levy, Landerman,
& Davis, 2011; Mark, 2006; Mark, Hughes, & Jones, 2004). This article responds to those
calls by empirically testing a more comprehensive conceptualization of the mechanisms
underlying the association between patient experiences with care and the organizational
context of nursing care. Our findings showed that higher patient-to-nurse ratios, worse work
environments, and higher proportions of nurses working overtime lead to more clinical care
activities left undone as well as more planning and communication activities left undone.
Previous reports using the RN4CAST study data have shown that nurses all over Europe
report having performed nonnurs-ing care and tasks below their skill level during their last
shift (Bruyneel et al., 2013). Our findings suggest that, partly as a consequence of this,
planning and communication activities are being omitted rather than clinical care activities.
Our findings also showed that the omission of planning and communication activities, while
decidedly more common than the omission of clinical care, did not affect patient
experiences. Work by Kalisch et al. (2012) has shown that patients are able to partially or
fully report on missed nursing care activities that are comparable to the items included in our
dimension of planning and communication activities. “Preparing patients and families for
discharge” was included in their study as “Discharge planning” (fully reportable) and
“Educating patients and family” as “Patient education” (partially reportable). It could be
argued that for some items included in the planning and communication dimension, it is
unclear whether patients recognize them, particularly “developing or updating nursing care
plans/care pathways” and “planning care.” On the other hand, omitting these tasks might
lead to disorganized patient care, which patients would be able to recognize. Thus, our
findings might suggest that patient recognition of omitted planning and communication
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activities and their consequences does not necessarily result in lower ratings or
recommendations of the hospital, whereas this is the case with respect to clinical nursing
care left undone. Future studies of the expectations of patients regarding professional
hospital care would help confirm this.

Findings on the moderating effect of nurse education suggest that in hospitals with relatively
low proportions of nurses with at least a bachelor’s degree, the positive effect of better
staffing on patient experiences with hospital care, which occurs partly through reduced
clinical care left undone, may be undermined. Bachelor prepared nurses have a wider range
of skills and competencies and might especially increase the productivity of the nursing
labor through better planning of nursing care and priority setting, which in turn results in
lower nursing care activities undone. Important to note is that nurse education seems not
equivalent across individual and organizational levels. A multicountry analysis of
RN4CAST study data at the individual nurse level showed that nurses with a bachelor’s
degree had higher reports of missed nursing care (Ausserhofer et al., 2014). A U.S. study did
not find such association (Kalisch, Tschannen, Lee, & Friese, 2011). Repeating the 12-
country RN4ACAST analysis, we also did not find such effects for the organizational
construct of nurse education, neither when we linked in to an organizational-level construct
(hospital or nursing unit) of care left undone nor when we related it to care left undone at the
individual nurse level. Moreover, our findings on the interaction between nurse staffing and
education also support our belief that evaluating such interaction effects leads to more
tangible conclusions than studying the effect of the proportion of bachelor educated nurses
on outcomes in multiple regressions also including nurse staffing, but without an interaction
effect.

Our findings suggest that patient experiences are an indicator of quality deficiencies in
structures and processes of nursing care. A reasonable evolution of our findings would be to
systematically register care activities left undone, to complement the already widely
implemented reports on nursing care performed. This would provide a more complete
understanding of care intensity and productivity, and illuminate actionable interventions to
improve nurse work environments. Second, quality improvement strategies to efficiently
allocating nurses’ time and resources should be more widely implemented. The Productive
Ward—~Releasing Time to Care Programme, which is based on lean methodology, is one
strategy that is drawing increased attention in this regard. This program aims to provide staff
with more time to provide direct patient care and offers 15 modules to optimize the
organization of patient care (Wilson, 2009). Another critically acclaimed frontline project is
Transforming Care at the Bedside, which also aims to increase time spent in direct patient
care. Transforming Care at the Bedside is designed for medical and surgical nursing units in
hospitals where it aims to empower nurses in redesigning work processes (The Robert Wood
Johnson Foundation, & The Institute for Healthcare Improvement, 2007).

Last, this study provides additional support for national and European policy makers to fund
international research agendas that focus on the quality of human capital in health care.
Appropriate steps need to be taken to increase the proportion of hospital nurses with a
bachelor’s degree, in line with propositions made in the United States (Institute of Medicine
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Committee on the Robert Wood Johnson Foundation Initiative on the Future of Nursing at
the Institute of Medicine, 2011).

Our findings and policy implications assume that the associations we have uncovered are
causal, though firm evidence of this is lacking since the data employed are cross-sectional.
Omitted variable bias may have occurred by not including elements of nurse wellbeing,
which has also been shown to link with the main explanatory variables used in this study
and with patient experiences with care. We also did not study whether the same effects
persist across morning, day and night shifts, or across shifts with different lengths. While
random effects were included for the hospital and country level, we cannot conclude that all
findings could exactly be replicated in each country individually.

This is the first study to explicate within an integrative theoretical and statistical framework
that patient experiences with care comprise a critical overview of both the structure and
process of nursing care. It is shown that less clinical care activities left undone and higher
proportions of bachelor-prepared nurses exert important effects in patients denoting nursing
excellence. These findings reinforce the need for nursing management to implement process
improvement strategies that aim for nurses spending more time on direct patient care.
Hospital hiring policies should reflect the growing body of research associating bachelor-
educated nurses with safe, high quality patient care.
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Appendix

Three-Level Mediation Model

The equation for the three-level mediation model equals

probit (p (yyr=1[%,2z,m, ¢)) =Fo+BL ¢jr+ujitur+B.zn+5: 2B Mk
BL= (b1, B2) s mjp=(myju, mij)T
u]kNN (0’ U}QL()sp'/Ita,l >ukNN (0> Ugountry) )
Mm1jk=710+Y12Z ik +V122j6 €1k
Mo k="201"Y22Tjk+V222jk €25k
e1ju~N (0,07,1) €255~ N (0, 07,5)

where yiji represents the binary score measured on patient i from hospital j in country k. The
link function is probit, which corresponds to the inverse of the cumulative distribution
function of the standard normal distribution. xj is the nurse staffing variable at the hospital
level with coefficient 4. zy is the measure of nursing work environment at the hospital level
with coefficient 3. mj represents the two potential hospital-level missed nursing care
mediators with coefficient vector 4. cjk represents the vector of all other hospital-level
covariates included with A the coefficient vector. ujk and u represent the random effects at
the hospital level and country level, respectively. In the models of the mediators, xjx and z
are included with the coefficients v, and vy, respectively.

Replacing myjx and mpji, we get
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probit (p (yyr=1[x,2,m, ¢)) |=Bo+B{ cjitujitur+B:zj1+B.2ji+Bhm i
|=Bo+BY ¢jitujptup+Bot it B zji+ Bimas+Bamajy
|=(Bo+B1710+B220)+BL et ujntur+(BetB17a+B2V20 ) T+
(B-=P1712+B2722) 2+ (51616 + P28 25k)

By is the direct effect of x and S y1x and Poyox are its indirect effects via the hospital-level
mediators my and np, respectively. Similarly, B, is the direct effect of zand B1y1zand Boyo,
are its indirect effects via my and my, respectively.

Three-level moderated mediation model

The equation for the three-level moderated mediation analysis equals

probit (p (yl‘]‘k:”X, m,w, C)) :,6’0+ﬂ(chk+ujk+uk+ﬁzx]k+
ﬂfzmjk+ﬂwwjk+ﬁxw$jkwjk
M=%tV Tkt YwWik+YowljkWikTEjk

where yijj represents the binary score measured on patient i from hospital j in country k. Xk
is the nurse staffing variable at the hospital level with coefficient By. mji represents the two
potential hospital-level missed nursing care mediators with coefficient B, wij is the
hospital-level moderator with the coefficient By By is the interaction effect of xjx and wj .
Cjk represents the vector of all other hospital-level covariates included with £ the coefficient
vector. Uk and uy represent the random effects at the hospital level and country level,
respectively. In the model of the mediator myy, covariates Xjk, Wik, and their interaction are
included with the respective coefficients vy, yw, and yyu-

Replacing my, we get

probit (p (yijk:1|X7 m,w, C)) |:ﬂ0+ﬂgcjk+ujk+uk+ﬁz$jk+
B M+ BuwW;k+Brw Tk Wik
|=(Bo+BmY0)+BL et ujeturt (BetBewtjk+Bm Vet BnYewWir) Tkt
(Buw+BmYw)Wjk+Bme ik

Bx + BxuwWik is the direct effect of x with By, Wi the moderator effect, while Bryx + BrivxuWik
is its indirect effect with Bry,wWijk the moderator effect in the first path.

Model Fit Evaluation

The default noninformative priors in Mplus were used, that is, a normal prior of mean zero

and variance 5 for all B parameters (Bo, 57, Bx, Bz 8L, Pw» Pxw), @ normal prior of mean zero
and variance 1010 for all y parameters (Yo, Yx Yz Yw Yxw), and an improper inverse gamma
prior which corresponds to a uniform distribution of (0, +o00) for all variance parameters

(Ul%,ospitab afmmm/, o2,,02,). Given the large sample size, the priors are not very crucial in
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our case. The convergence of all parameters is assessed by the potential scale reduction
factor (PSRF; Gelman & Rubin, 1992), which should be smaller than 0.01 for all parameters
in the model. Model fit was evaluated by using the mixed posterior predictive check (PPC)
suggested by Marshall and Spiegelhalter (2003). The mixed PPC first generates the
predictive values for the random effects. The final PPC (uses mean as discrepancy function)
is subsequently based on the posterior estimates of the fixed effects and the predictive values
of the random effects. This is said to be able to overcome the overoptimistic problem of the
classic PPC that is based on the posterior estimates of all effects for hierarchical models. We
obtain posterior predictive p-values (PPp) for each of the 32 PES-NW!I items within each
nursing unit. From this, we generate quantile-quantile (QQ) plots of the PPps for each item
across all nursing units against the uniform distribution of (0,1). A uniform distribution
suggests an acceptable model fit. As displayed in the Appendix Figure, the QQ plots did not
violate the uniform distribution.
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Figure 1.

Path diagram illustrating (a) the relationship between work environments and patient
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experiences with care through clinical care left undone (mediator) and (b) the effect of nurse

education (moderator) on the relationship between patient-to-nurse ratios and patient

experiences with care through clinical care left undone (mediator).
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Hospitals, Patients, and Nurses Sampled in Eight European Countries.

Table 1

Country Number of hospitals  Number of nurses  Number of patients
Belgium 60 2,866 2,623
Finland 32 1,131 1,947
Germany 12 504 244
Greece 24 367 847
Ireland 10 486 285
Poland 30 2,605 4,136
Spain 15 1,181 470
Switzerland 34 1,593 997
Total 217 10,733 11,549
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