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Research Report

The primary aim of residency is to 
shape high-performing physicians in 
a clinical learning environment that 
ensures safe and effective care for 
patients and high-quality learning, 
safety, and well-being for residents.1 
Asch and colleagues2 found a correlation 
between the location of physicians’ 
obstetrics–gynecology residency 
training and the quality of care they 
deliver as specialists after graduation, 
though initial performance and years 
of experience also contributed to the 
safety of the care they provided after 
training.3 Similarly, location of residency 

training was associated with graduates’ 
future ability to practice conservatively4 
and with their spending patterns.5 As 
a result, efforts to improve the quality 
of graduate medical education training 
have focused on improving the clinical 
learning environment for residents while 
simultaneously ensuring the safety of the 
care delivered to patients.6,7

Recent efforts to optimize the 
clinical learning environment for 
education and patient care, including 
duty hours reform efforts by the 
Accreditation Council for Graduate 
Medical Education and more recently 
the Clinical Learning Environment 
Review program,8 have increasingly 
incorporated residents’ perceptions 
of their learning environments.9–11 In 
the Netherlands, quality improvement 
efforts in graduate medical education 
have focused specifically on improving 
learning climates for residents.12,13 The 
learning climate incorporates residents’ 
shared perceptions of their learning 
environment, including formal and 
informal aspects of their training, as 
well as the relevant policies, practices, 

and procedures that affect that learning 
environment.14,15 Previous studies 
found associations between residents’ 
positive perceptions of their learning 
environment and higher performance on 
in-training examinations,16 better quality 
of life, fewer symptoms of burnout,17 and 
a lower likelihood of leaving practice.18 
In addition to contributing to residents’ 
professional development, the learning 
climate also can contribute to patient 
safety. In particular, residents’ perceptions 
of a supportive and judgment-free 
environment can reduce medical errors, 
as residents are more likely to consult 
an on-call physician for assistance.19 
Moreover, residents who perceive low 
levels of support in their learning 
environment are less likely to report 
medical errors, which can potentially 
affect patient outcomes.20 Because these 
studies did not investigate actual patient 
care outcomes, the effects of the learning 
climate on patients can only be implied.

Although the clinical learning 
environment should foster both effective 
resident learning and safe patient care, 
no study to date has linked residency 

Abstract

Purpose
To investigate the association between 
learning climate and adverse perinatal 
and maternal outcomes in obstetrics–
gynecology departments.

Method
The authors analyzed 23,629 births and 
103 learning climate evaluations from 
16 nontertiary obstetrics–gynecology 
departments in the Netherlands in 2013. 
Multilevel logistic regressions were 
used to calculate the odds of adverse 
perinatal and maternal outcomes, 
by learning climate score tertile, 
adjusting for maternal and department 
characteristics. Adverse perinatal 
outcomes included fetal or early 

neonatal mortality, five-minute Apgar 
score < 7, or neonatal intensive care 
unit admission for ≥ 24 hours. Adverse 
maternal outcomes included postpartum 
hemorrhage and/or transfusion, 
death, uterine rupture, or third- or 
fourth-degree perineal laceration. Bias 
analyses were conducted to quantify the 
sensitivity of the results to uncontrolled 
confounding and selection bias.

Results
Learning climate scores were significantly 
associated with increased odds of 
adverse perinatal outcomes (aOR 2.06, 
95% CI 1.14–3.72). Compared with the 
lowest tertile, departments in the middle 
tertile had 46% greater odds of adverse 

perinatal outcomes (aOR 1.46, 95% CI 
1.09–1.94); departments in the highest 
tertile had 69% greater odds (aOR 1.69, 
95% CI 1.24–2.30). Learning climate was 
not associated with adverse maternal 
outcomes (middle vs. lowest tertile: OR 
1.04, 95% CI 0.93–1.16; highest vs. 
lowest tertile: OR 0.98, 95% CI 0.88–
1.10).

Conclusions
Learning climate was associated with 
significantly increased odds of adverse 
perinatal, but not maternal, outcomes. 
Research in similar clinical contexts is 
needed to replicate these findings and 
explore potential mechanisms behind 
these associations.
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learning climate to patient outcomes. 
To better support residency programs 
in integrating high-quality residency 
training with patient safety, a better 
understanding of how the learning 
climate relates to patient outcomes in 
individual departments is needed. The 
purpose of this study was to investigate 
the association between the learning 
climate in obstetrics–gynecology 
departments and adverse perinatal and 
maternal outcomes.

Method

Setting and design

This study was set in obstetrics–
gynecology departments in community 
teaching hospitals in the Netherlands. 
Community teaching hospitals are 
university-affiliated, nontertiary perinatal 
centers providing obstetrical care to 
women with lower-risk pregnancies 
who do not meet the criteria for transfer 
to a tertiary perinatal center. They also 
provide (1) training and supervision for 
interns and residents in their first two 
years of graduate medical education, 
during which time trainees are expected 
to learn low-risk obstetrics and basic 
surgery skills, as well as (2) one- to two-
year differentiation rotations for residents 
in the last two years of training.21 We 
chose this setting because residents at 
community teaching hospitals perform 
low-risk deliveries in a relatively young 
and healthy patient population, and also 
because previous research has attributed 
the variation in labor outcomes in part to 
the variation in obstetrical care delivery 
and organization.22–24

We retrospectively analyzed learning 
climate data from the Dutch Residency 
Educational Climate Test (D-RECT) 
and clinical registration data from the 
Netherlands Perinatal Registry (PRN), 
which is a national database that 
combines anonymized pooled data about 
the mother, pregnancy, childbirth, child, 
and process of obstetrical care for 96% of 
all births in the Netherlands.25 To ensure 
the largest sample possible, we studied 
data from the year in which the most 
departments evaluated their learning 
climate (January–December 2013). 
On the basis of the existing literature, 
we hypothesized that a more positive 
learning climate would be associated 
with lower odds of adverse obstetrical 
outcomes in obstetrics–gynecology 

departments in community teaching 
hospitals.

Data collection

Trainees (residents, fellows, and interns) 
were invited to evaluate the learning 
climate of their most recent obstetrics–
gynecology department rotation using 
either an online or a paper-based D-RECT 
questionnaire, depending on hospital 
policy. We obtained permission to analyze 
anonymized D-RECT survey results 
from the participating departments that 
used the Web-based D-RECT platform 
and from the regional educational 
committees for those departments 
that used the paper-based D-RECT 
questionnaire. Departments using the 
online questionnaire invited trainees using 
an e-mail with a link to an anonymous 
questionnaire, sending up to three 
reminders to nonrespondents. Trainees 
usually had one month to complete the 
questionnaire. Because trainees spend one 
to two years in a single department, most 
completed the questionnaire during the 
rotation that they were evaluating. The 
four departments that used the paper-
based questionnaire made it available in 
their offices, asking trainees to evaluate the 
department where they had spent the most 
time in the last three months, which may 
not have been their current department. 
In all cases, trainees were ensured that 
their participation was voluntary and their 
responses anonymous.

We accessed anonymized patient data 
with special permission from the 
PRN (PRN-14.20). We excluded any 
deliveries meeting the criteria for transfer 
to a tertiary center (i.e., < 32 weeks 
gestational age, weight < 1,250 grams at 
birth, or serious maternal complications). 
Additionally, we excluded any births with 
congenital abnormalities due to increased 
risk of perinatal mortality.22

The institutional ethical review board of the 
Academic Medical Center of the University 
of Amsterdam confirmed that the Medical 
Research Involving Human Subjects Act did 
not apply to this study because the study 
involved the use of existing data collected 
for quality improvement purposes and 
provided a waiver of ethical approval for 
the overall study design.

Measures

Residency learning climate. The 
D-RECT questionnaire was developed 

in the Netherlands based on qualitative 
research, expert opinion, and a Delphi 
panel.26 It has since been extensively 
validated nationally27 and increasingly 
used internationally.28 The questionnaire 
consists of 35 items that assess nine 
domains of the residency learning 
climate: educational atmosphere, 
accessibility of supervisors, coaching 
and assessment, teamwork, role of the 
specialty tutor, formal education, peer 
collaboration, adaptation of work to 
residents’ competence, and patient sign-
out (see Supplemental Digital Appendix 
1, Table A1.1 at http://links.lww.com/
ACADMED/A491 for more about the 
D-RECT questionnaire).27 Responses are 
given on a five-point Likert scale (1 = 
totally disagree, 2 = disagree, 3 = neutral, 
4 = agree, 5 = totally agree) with an 
additional option of “cannot evaluate.” 
Higher scores indicate a more favorable 
learning climate. On the basis of previous 
large-scale validation studies, we included 
departments with at least three completed 
D-RECT questionnaires to ensure reliable 
overall learning climate scores.26,27

Adverse obstetrical outcomes. We 
divided obstetrical outcomes into 
perinatal outcomes and maternal 
outcomes. In the absence of a perinatal 
adverse outcomes index, which is still 
in development for the Netherlands, 
we used quality measures for inpatient 
obstetrics to define the relevant 
outcomes.29 Adverse perinatal outcomes 
then included any combination of 
the following: fetal and early neonatal 
mortality < 7 days after birth, five-minute 
Apgar score < 7, or admission of the 
child to a neonatal intensive care unit in 
a tertiary center for ≥ 24 hours. Adverse 
maternal outcomes included postpartum 
hemorrhage ≥ 1,000 ml and/or the need 
for a transfusion during or shortly after 
delivery, maternal death, uterine rupture, 
or third- or fourth-degree perineal 
laceration.

Covariates. We accounted for any 
known or potential covariates and 
confounders. Known covariates included 
maternal age,22 parity (nulliparous/
multiparous),22 ethnicity (Western/
non-Western),22,24 multiple gestations 
(multiple births/singletons), and 
maternal socioeconomic status.30 We 
used socioeconomic status scores that 
were calculated by the Netherlands 
Institute for Social Research in 2006 
using four-digit postal codes, which were 
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then linked to the mean income level 
and percentage of households with low 
income or high unemployment in that 
area. Each score was categorized as low 
(< 25th percentile), middle (25th–75th 
percentile), or high (> 75th percentile).31

In addition to these known covariates, we 
also included two potential confounders: 
previous D-RECT evaluations and 
hospital volume. The number of previous 
D-RECT evaluations (1, 2–3, ≥ 4) refers 
to the number of times the department 
had evaluated its learning climate in the 
past. It was included because learning 
climate scores tend to improve over 
time.13 Hospital volume was included 
because it had been associated with 
delivery complication rates32,33 and 
because it can affect the learning climate. 
Hospital volume was defined as the 
total number of deliveries at ≥ 22 weeks 
of gestation in the department in the 
study year, categorized in tertiles as low 
(< 1,500 deliveries), average (1,500–1,750 
deliveries), or high (> 1,750 deliveries).

Statistical and bias analyses

In total, we included 16 nontertiary 
obstetrics–gynecology departments that 
evaluated their learning climate between 
January and December 2013 in our study. 
We retrieved adverse outcomes data from 
the PRN for these departments for the 
same period (23,629 births). We retrieved 
responses to the D-RECT questionnaires 
for the selected obstetrics–gynecology 
departments from a larger data set 
containing 559 evaluations of obstetrics–
gynecology departments between 2009 
and 2014. These data had been cleaned 
and imputed using an expectation 
maximization algorithm because the 
proportion of missing data (< 5%) was 
considered ignorable.34

We determined each department’s learning 
climate score by calculating the average 
D-RECT score for that department. 
To assess the reliability of the scores, 
we calculated the intraclass correlation 
coefficient (2, k), which estimates the 
reliability of multiple measurements of 
a group mean based on average group 
size (k) and can be interpreted as the 
proportion of the total variance in mean 
scores that can be explained by the 
differences between the departments.35

Because the included adverse 
outcomes were infrequent, we grouped 
departments in tertiles based on their 

overall learning climate scores and used 
multilevel logistic regressions to test 
whether the odds of adverse maternal 
and perinatal outcomes differed 
between the three groups. We chose 
multilevel logistic regression because it 
accounts for the clustering of patients 
within departments and minimizes 
between-department differences due to 
unmeasured department- or hospital-
level characteristics.36,37

To assess the effects of the covariates, 
we built three separate models. In the 
first model, we estimated the odds of 
adverse perinatal and maternal outcomes 
given the department’s learning climate 
score tertile, without adjusting for 
clustering or other factors. In the second 
model, we used a random intercept 
multilevel binary logistic model that 
controlled for maternal or pregnancy 
characteristics. In the final model, we 
added hospital volume and previous 
D-RECT evaluations as covariates to the 
second model. We calculated unadjusted 
and adjusted odds ratios (ORs and aORs, 
respectively) and their 95% confidence 
intervals (CIs).

We conducted sensitivity analyses to 
test the robustness of our results against 
the possible effects of grouping the 
variables differently and of selecting 
a different study population. First, we 
tested whether grouping the scores in 
quartiles instead of tertiles affected our 
results. Second, we hypothesized that 
a department’s learning climate could 
affect only the deliveries performed by 
residents. We therefore repeated the 
analysis for only the deliveries performed 
by residents. Next, to minimize possible 
bias from our sampling strategy, we 
conducted subgroup analyses excluding 
multiple births and fetal deaths before 
the onset of labor (antepartum death). 
Finally, because we could not possibly 
account for all potential confounders, 
we conducted a bias analysis to quantify 
whether part or all of our results could be 
explained by uncontrolled confounding. 
Bias analysis is an innovative tool for 
adjusting observational study data for 
potential residual confounding due to 
unknown or unmeasured confounders.38 
We also investigated whether varying 
responses to the D-RECT questionnaire 
introduced selection bias and affected 
our results. We conducted the additional 
selection bias analysis on top of the 
uncontrolled confounding analysis as 

part of a multiple-bias modeling exercise 
to check the sensitivity of our results.39 
We implemented the bias adjustment 
using Monte Carlo methods.38 See 
Supplemental Digital Appendix 2 at 
http://links.lww.com/ACADMED/A491 
for more about these additional analyses.

We used IBM SPSS Statistics for Windows, 
version 21 (IBM Corp., Armonk, New 
York) for imputing the missing D-RECT 
data. Multilevel logistic regressions were 
performed using the mle4 package in 
R statistical software version 3.2.0. The 
remaining analyses were performed using 
SAS version 9.4 (SAS Institute, Cary, 
North Carolina).

Results

Of 171 potential respondents (82% 
female), 103 (85% female) completed a 
D-RECT questionnaire (60% response 
rate, mean 6.4 questionnaires per 
department). The four departments 
using paper-based questionnaires 
allowed their trainees to evaluate the 
rotation where they spent the most time 
in the last three months, potentially 
giving these departments a response 
rate greater than 100%. Therefore, we 
estimated the overall response rate based 
on responses in departments using the 
online questionnaire (12 departments). 
The departments’ learning climate 
scores ranged from 3.7 to 4.4 (mean 4.0, 
standard deviation 0.3) (see Figure 1). The 
intraclass correlation coefficient was 0.69, 
which means that 69% of the variance 
in departments’ overall learning climate 
scores can be explained by differences 
between the departments. Table 1 includes 
the characteristics of the departments 
by learning climate score tertile, and 
Table 2 presents the included perinatal 
and maternal characteristics as well as the 
adverse outcomes, also by learning climate 
score tertile.

The lowest percentage of adverse 
perinatal outcomes (1.5%) was found 
in departments in the lowest learning 
climate score tertile, while the highest 
percentage of adverse perinatal outcomes 
(2.4%) was found in departments in 
the highest tertile. In the multilevel 
logistic regression analyses using overall 
learning climate score as a continuous 
variable, higher learning climate scores 
were associated with significantly greater 
odds of an adverse perinatal outcome 
(aOR 2.06, 95% CI 1.14–3.72) (see 
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Table 3). Compared with departments 
in the lowest tertile, departments in 
the middle tertile had 46% greater 
odds of an adverse perinatal outcome 
(aOR 1.46, 95% CI 1.09–1.94), while 
departments in the highest tertile had 
69% greater odds (aOR 1.69, 95% CI 
1.24–2.30) (see Table 4). Covariates 
that significantly contributed to adverse 
perinatal outcomes included multiple 
births, nulliparity, maternal age, and 
socioeconomic status. Neither previous 
number of D-RECT evaluations nor 
hospital volume significantly contributed 
to adverse perinatal outcomes.

The highest percentage of deliveries 
with an adverse maternal outcome 
(9.2%) was found in departments in the 
middle tertile of learning climate scores. 
However, in multilevel logistic regression 
analyses, we did not find a significant 
association between learning climate 
score and odds of an adverse maternal 
outcome (middle vs. lowest tertile: 9.2% 
vs. 8.9%; OR 1.04, 95% CI 0.93–1.16; 

highest vs. lowest tertile: 8.7% vs. 8.9%; 
OR 0.98, 95% CI 0.88–1.10).

The results of the sensitivity and bias 
analyses are reported in Supplemental 
Digital Appendix 1 and 2, respectively, 
which are available at http://links.
lww.com/ACADMED/A491. In the 
sensitivity analyses, the protective 
effect of lower learning climate scores 
against adverse perinatal outcomes 
remained when D-RECT scores were 
grouped into quartiles, with the two 
highest quartiles having significantly 
greater odds of an adverse perinatal 
outcome and no difference in the odds 
of an adverse maternal outcome (see 
Supplemental Digital Appendix 1, Table 
A1.2). The pattern did not change when 
we performed the subgroup analyses 
(in tertiles) of deliveries performed by 
residents only, nor when we performed 
the subgroup analyses of deliveries 
excluding multiple births and stillbirths 
(see Supplemental Digital Appendix 1, 
Tables A1.3–A1.5).

The results of the bias analysis showed 
that controlling for an unmeasured 
confounder set that increased the 
learning climate score but decreased 
the odds of adverse outcomes (or vice 
versa) would increase the strength 
of the observed positive association 
between learning climate and adverse 
perinatal outcomes (see Supplemental 
Digital Appendix 2, Figures A2.1 and 
A2.2). Controlling for an unmeasured 
confounder set that positively (or 
negatively) affected both learning 
climate scores and the odds of adverse 
perinatal outcomes would result in a less 
positive or even reversed association, 
implying that higher learning climate 
scores could be associated with fewer 
adverse perinatal outcomes (see 
Supplemental Digital Appendix 2, 
Figures A2.3 and A2.4). The multiple-
bias analysis that also adjusted for 
selection bias (due to biasing response 
rates) revealed similar conclusions 
(see Supplemental Digital Appendix 2, 
Figures A2.5–A2.8).

Figure 1 Mean learning climate scores for 16 nontertiary obstetrics–gynecology departments in the Netherlands that participated in a study of 
the association between learning climate and adverse obstetrical outcomes, 2013. Each bar represents the average Dutch Residency Educational 
Climate Test (D-RECT) score for one department on a scale of 1 to 5 with whiskers indicating the standard deviation. The dark gray bars indicate the 
departments in the highest learning climate score tertile (mean D-RECT score > 4.17), the light gray bars indicate the departments in the middle tertile 
(mean D-RECT score 3.91–4.17), and the white bars indicate the departments in the lowest tertile (mean D-RECT score < 3.91).
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Discussion

Explanation of findings

Our study is the first to our knowledge 
to investigate the association between 
residency learning climate and adverse 
perinatal and maternal outcomes. We 
found that departments’ learning climate 
scores are associated with increased odds 
of adverse perinatal outcomes but have 
no association with the odds of adverse 
maternal outcomes.

In their commentary on evaluating 
residency programs on the basis of 
patient outcomes, Asch and colleagues40 
posited that the strength of the 
association between residency programs 
and patient outcomes may vary across 
medical conditions. In other words, a 
program may provide excellent care for 
one condition but not for another. Our 
study supports this argument, as we 
observed differences in the associations 
between learning climate and maternal 
and perinatal outcomes. Herein, our 
choice of outcomes measures guided the 
associations we observed. By studying 
the odds of any predefined adverse 
maternal or perinatal outcome, instead of 
the odds of specific outcomes, we could 

have masked existing associations with 
specific complications. In our sample, 
for instance, as the learning climate score 
tertile increased, the percentage of severe 
perineal lacerations decreased, while the 
percentage of severe maternal blood loss 
cases increased. As a result, these mixed 
trends could have diluted the overall 
association we observed.

On the other hand, the association 
between learning climate score and 
adverse perinatal outcomes seemed to 
be driven solely by low Apgar scores, 
as fetal or early neonatal mortality and 
neonatal intensive care unit admissions 
were extremely rare. In term infants, 
a low five-minute Apgar score (< 7) 
is related to a higher risk of death,41 
neurological disability including 
cerebral palsy, and long-term cognitive 
impairment in adulthood.42,43 While 
the etiology of a low five-minute Apgar 
score is multifactorial, in term infants, 
low Apgar scores have been associated 
with high-risk interventions during 
labor44 as well as with the quality of 
neonatal resuscitation.42 The difference 
in adverse perinatal outcomes between 
the highest and lowest learning climate 
score tertiles was 0.9% in absolute 

terms, which is a small, but significant, 
difference in potentially preventable 
perinatal complications, especially when 
considered over time and across multiple 
departments.

The association between residency 
learning climate and adverse perinatal 
outcomes conflicted with our initial 
hypothesis and with findings from 
previous studies linking residents’ 
perceptions with an increased likelihood 
to consult with a physician on call19 
or to report medical errors.20 Notably, 
previous studies focused on individual 
learning climate perceptions, while our 
study focused on the learning climate 
as a department-level characteristic. 
Our results echoed those from previous 
studies that found weak and even 
negative associations between measures 
of quality on a department or hospital 
level and individual patient outcomes, 
even when there was a demonstrable 
positive association at the individual 
level.45–47

According to Finney and colleagues,47 
aggregated variables reflect department-
level characteristics, which in turn 
are influenced by a different set of 

Table 1
Characteristics of Learning Climate Evaluations and Obstetrical Practice at 16 
Nontertiary Obstetrics–Gynecology Departments in the Netherlands, by Learning 
Climate Score Tertile, 2013

Characteristic

Overall learning climate score  

Lowest tertile
(D-RECT  

score < 3.91)

Middle tertile
(D-RECT score 

3.91–4.17)

Highest tertile
(D-RECT  

score > 4.17) All

No. of departments 5 6 5 16

D-RECT questionnaire characteristics     

    Completed questionnaires per department, mean (SD) 6.2 (2.3) 7.8 (2.7) 5.0 (2.3) 6.4 (2.6)

    Online response rate (12 departments), mean (min–max) 66% (36%–90%) 66% (40%–91%) 48% (33%–80%) 60% (33%–91%)

    Female respondents, % (SD) 92.0 (17.9) 79.2 (14.2) 86.1 (14.6) 85.4 (15.6)

    Previous D-RECT evaluations, mean (SD) 2.2 (0.8) 3.0 (1.4) 2.2 (1.3) 2.5 (1.2)

Department characteristics     

    Deliveries performed by a resident, no. (%) 1,741 (44.2)a 4,190 (45.2) 4,220 (56.5) 10,151 (49.1)b

    Spontaneous vaginal deliveries, no. (%) 4,822 (70.1) 6,508 (70.1) 4,723 (63.2) 16,053 (67.9)

    Assisted deliveries, no. (%) 697 (10.1) 886 (9.5) 916 (12.3) 2,499 (10.6)

    Primary cesarean section deliveries, no. (%) 711 (10.3) 881 (9.5) 811 (10.9) 2,403 (10.2)

    Secondary cesarean section deliveries, no. (%) 637 (9.3) 944 (10.2) 967 (13.0) 2,548 (10.8)

    Other types of deliveries, no. (%) 14 (0.2) 61 (0.7) 51 (0.7) 126 (0.5)

    Deliveries in low-volume hospitals (< 1,500 deliveries), no. (%) 3,237 (47.0) 2,617 (28.2) 3,612 (48.4) 9,466 (40.1)

    Deliveries in high-volume hospitals (> 1,750 deliveries), no. (%) 2,149 (31.2) 5,055 (54.5) 2,387 (32.0) 9,591 (40.6)

 Abbreviations: D-RECT indicates Dutch Residency Educational Climate Test; SD, standard deviation.
 aBased on 3 departments (n = 3,935 births).
 bBased on 14 departments (n = 20,683 births).
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confounders than individual-level 
variables. Analyzing the subgroup of 
deliveries performed by residents only did 
not change our results, which reinforces 
our view that the overall learning climate 
is not just a measure of individual 
residents’ participation in deliveries 
but also reflects attributes of the 
whole department. Hence, the positive 
association we observed between a 
department’s overall learning climate and 
the odds of adverse perinatal outcomes is 
likely explained by department processes 
that can affect both patient safety and 
the learning climate in the department. 
Clinical environments are not specifically 
designed to facilitate learning and face 
unique challenges in balancing the 
demands of patient care and those of 
resident training.48,49 It is, therefore, 
possible that department processes that 
simultaneously contribute to the learning 
climate and patient outcomes compete 
for the department’s (limited) resources, 

potentially leading to tensions between 
the two functions.

Among the covariates we included 
in our analysis, maternal age, 
nulliparity, multiple births, and lower 
socioeconomic status were significant, 
which corresponded to previous 
findings in the literature.22,24,30 Number 
of previous D-RECT evaluations and 
hospital volume were not significant; 
however, we kept them in the model 
because they were considered potential 
confounding factors. Our bias analyses 
showed that uncontrolled confounding 
could strengthen or weaken the observed 
associations depending on the direction 
and strength of the relationship between 
the unmeasured confounder and the 
learning climate and adverse perinatal 
outcome (see Supplemental Digital 
Appendix 2 at http://links.lww.com/
ACADMED/A491 for details). In the 
bias analyses, including the selection bias 

analyses, we found that this relationship 
would be weakened if the unmeasured 
confounder set simultaneously increased 
(or decreased) the learning climate 
score (a desirable result) and the odds 
of an adverse outcome (an undesirable 
result). However, we cannot identify 
a confounder that would cause such a 
change in practice.

Limitations

Given the observational nature of our 
study, we cannot make any claims of 
causality. While we have taken great care 
to identify relevant outcomes using a 
high-quality national database and a 
validated instrument for measuring the 
learning climate to maximize validity, by 
using data from quality improvement 
databases, we could not account for 
all potential sources of bias, including 
measurement error. Because this work 
is a hypothesis-generating study, our 
results may not be generalizable to 

Table 2
Maternal and Perinatal Characteristics and Adverse Outcomes of Included Births at  
16 Nontertiary Obstetrics–Gynecology Departments in the Netherlands, by  
Learning Climate Score Tertile, 2013

Characteristic

Overall learning climate score  

Lowest tertile
(D-RECT  

score < 3.91)

Middle tertile  
(D-RECT score 

3.91–4.17)

Highest tertile  
(D-RECT  

score > 4.17) All

No. of included births 6,881 9,280 7,468 23,629

Maternal characteristics     

    Maternal age, mean (SD) 31.2 (4.9) 30.2 (5.2) 31.9 (5.0) 31.0 (5.1)

    Nulliparous, no. (%) 3,697 (53.7) 4,621 (49.8) 4,001 (53.6) 12,319 (52.1)

    Non-Western ethnicity, no. (%) 1,817 (26.4) 3,274 (35.3) 1,883 (25.2) 6,974 (29.5)

    Low socioeconomic status, no. (%) 1,992 (29.0) 2,884 (31.1) 1,512 (20.3) 6,388 (27.0)

    High socioeconomic status, no. (%) 1,344 (19.5) 2,366 (25.5) 1,979 (26.5) 5,689 (24.1)

Pregnancy characteristics     

    Gestational age at birth, mean in weeks/days (SD in days) 39/0 (2) 39/0 (2) 38/6 (2) 39/0 (2)

    Multiple births, no. (%) 214 (3.1) 346 (3.7) 321 (4.3) 881 (3.7)

Child characteristics     

    Birth weight in grams, mean (SD) 3,387 (652) 3,346 (549) 3,377 (565) 3,368 (586)

Deliveries with an adverse perinatal outcome, no. (%) 101 (1.5) 200 (2.2) 178 (2.4) 479 (2.0)

    Fetal and early neonatal mortality < 7 days, no. (%) 19 (0.3) 24 (0.3) 8 (0.1) 51 (0.2)

    Admission to NICU ≥ 24 hours, no. (%) 5 (0.1) 6 (0.1) 11 (0.2) 22 (0.1)

    Five-minute Apgar score < 7, no. (%) 78 (1.1) 172 (1.9) 161 (2.2) 411 (1.7)

Deliveries with an adverse maternal outcome, no. (%) 610 (8.9) 851 (9.2) 651 (8.7) 2,112 (8.9)

    Postpartum hemorrhage ≥ 1,000 ml and/or blood transfusion  
during or immediately after delivery, no. (%)

443 (6.4) 643 (6.9) 512 (6.9) 1,598 (6.8)

    Maternal death, no. (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

    Uterine rupture, no. (%) 0 (0.0) 2 (< 0.1) 1 (< 0.1) 3 (< 0.1)

    Third- of fourth-degree perineal laceration, no. (%) 195 (2.8) 226 (2.4) 159 (2.1) 580 (2.5)

 Abbreviations: D-RECT indicates Dutch Residency Educational Climate Test; SD, standard deviation;  
NICU, neonatal intensive care unit.

http://links.lww.com/ACADMED/A491
http://links.lww.com/ACADMED/A491
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other time periods, clinical outcomes, 
or clinical contexts. In particular, this 
study did not include academic hospitals, 
which may better integrate learners in 
clinical care. Furthermore, because of the 
deidentified nature of the patient data and 
anonymized D-RECT questionnaires, we 

could not study how individual residents’ 
perceptions of their learning climate, or 
their characteristics such as performance 
and previous experience, may have 
affected patient outcomes. Therefore, we 
could not compare our results with those 
from other studies examining outcomes 

of care delivered by individual residents or 
obstetricians.2,3,50,51

Future research

Future research is needed to confirm 
our findings in other clinical contexts, 
including academic and nonacademic 

Table 3
Unadjusted and Adjusted Odds Ratios for the Association Between Learning Climate  
Score as a Continuous Variable and Covariates With Adverse Perinatal Outcomes in  
16 Nontertiary Obstetrics–Gynecology Departments in the Netherlands, 2013

Characteristic
Unadjusted  

OR (CI)
Model 1,  

adjusted OR (CI)a
Model 2,  

adjusted OR (CI)b

Overall learning climate score 1.68 (1.17–2.43)c 1.81 (1.00–3.26)c 2.06 (1.14–3.72)c

Covariates    

    Nulliparity  1.31 (1.08–1.58)c 1.29 (1.07–1.57)c

    Maternal age  1.02 (1.00–1.04)c 1.02 (1.00–1.04)c

    Multiple births  2.35 (1.68–3.29)c 2.35 (1.68–3.29)c

    Non-Western ethnicity  1.23 (1.00–1.51)c 1.21 (0.99–1.48)

    High socioeconomic status (vs. middle)  0.74 (0.57–0.95)c 0.70 (0.54–0.91)c

    Low socioeconomic status (vs. middle)  1.07 (0.86–1.34) 1.04 (0.82–1.31)

    Two to three previous D-RECT evaluations (vs. 1)   1.09 (0.76–1.57)

    Four or more previous D-RECT evaluations (vs. 1)   1.11 (0.78–1.59)

    Low hospital volume, < 1,500 deliveries (vs. 1,500–1,750)   0.72 (0.49–1.06)

    High hospital volume, > 1,750 deliveries (vs. 1,500–1,750)   0.93 (0.67–1.29)

 Abbreviations: OR indicates odds ratio; CI, confidence interval; D-RECT, Dutch Residency Educational Climate Test.
 aModel 1 includes nulliparity, maternal age, multiple births, ethnicity, and socioeconomic status.
 bModel 2 includes all Model 1 covariates plus number of previous D-RECT evaluations and hospital volume.
 cP < .05.

Table 4
Unadjusted and Adjusted Odds Ratios for the Association Between Learning Climate 
Score Category and Covariates With Adverse Perinatal Outcomes in 16 Nontertiary 
Obstetrics–Gynecology Departments in the Netherlands, 2013

Characteristic
Unadjusted  

OR (CI)
Model 1,  

adjusted OR (CI)a
Model 2,  

adjusted OR (CI)b

Primary predictor    
    Lowest learning climate score tertile Reference Reference Reference

    Middle learning climate score tertile 1.49 (1.17–1.89)c 1.54 (1.14–2.09)c 1.46 (1.09–1.94)c

    Highest learning climate score tertile 1.64 (1.28–2.10)c 1.64 (1.20–2.26)c 1.69 (1.24–2.30)c

Covariates    

    Nulliparity  1.31 (1.08–1.59)c 1.30 (1.07–1.57)c

    Maternal age  1.02 (1.00–1.04)c 1.02 (1.00–1.04)c

    Multiple births  2.34 (1.67–3.27)c 2.33 (1.67–3.27)c

    Non-Western ethnicity  1.22 (1.00–1.49)c 1.20 (0.98–1.47)

    High socioeconomic status (vs. middle)  0.72 (0.56–0.93)c 0.68 (0.52–0.89)c

    Low socioeconomic status (vs. middle)  1.07 (0.85–1.33) 1.02 (0.81–1.29)

    Two to three previous D-RECT evaluations (vs. 1)   1.08 (0.81–1.46)

    Four or more previous D-RECT evaluations (vs. 1)   1.07 (0.79–1.43)

    Low hospital volume, < 1,500 deliveries (vs. 1,500–1,750)   0.78 (0.56–1.07)

    High hospital volume, > 1,750 deliveries (vs. 1,500–1,750)   0.93 (0.70–1.22)

 Abbreviations: OR indicates odds ratio; CI, confidence interval; D-RECT, Dutch Residency Educational Climate Test.
 aModel 1 includes nulliparity, maternal age, multiple births, ethnicity, and socioeconomic status.
 bModel 2 includes all Model 1 covariates plus number of previous D-RECT evaluations and hospital volume.
 cP < .05.
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hospitals, as well as to explore the 
relationship between resident- and 
department-level learning climate 
characteristics and other metrics of 
quality and safety, such as patient safety 
climate. Learning climate measurements 
should be standardized, and efforts should 
optimize response rates to increase the 
validity of results and enable the analysis 
of learning climate subscales. In addition, 
the moderating role of learning climate 
strength (the agreement between residents 
on given scores) should be investigated. 
Investigators also could focus on exploring 
potential effect mechanisms, modifiers, and 
other explanations, by better characterizing 
lower- and higher-scoring learning 
environments that systematically report 
better perinatal outcomes. Particularly, 
the effects of contributing factors, such as 
residents’ experience, composition of the 
resident group, supervisory activities, and 
the role of supervisors’ site of training, 
should be investigated. Assessing the 
perceptions of formal educators, staff, and 
program directors could provide additional 
information about the clinical learning 
environment as it relates to the residency 
learning climate as well as to perinatal 
outcomes.52 Longitudinal studies should 
specifically explore the long-term outcomes 
of physicians trained in different learning 
climates. Finally, extensive (multiple-) bias 
analysis to detect possible systematic error 
due to uncontrolled confounding, selection 
bias, and measurement error should 
be part of future studies that are large 
enough to make random sampling error 
negligible.39,53–55

Conclusions

We found a positive association 
between learning climate and the odds 
of adverse perinatal, but not maternal, 
outcomes. These findings should be 
considered when optimizing clinical 
learning environments—for example, by 
emphasizing patient safety and quality 
improvement in graduate medical 
education. Research in similar clinical 
contexts involving informed covariates 
and examining department-specific 
effect modification is needed to replicate 
our findings and to explore potential 
mechanisms behind the associations 
between learning climate and patient 
outcomes in clinical teaching departments.
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