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Objectives: Newborn deaths comprise an alarming proportion of under-five mortality globally. In this ret-
rospective cohort study, we investigated the effectiveness of focused newborn resuscitation training and
delivery of a positive-pressure device in a rural midwife population in a low-resource setting. The present
research attempts to better understand the extent to which knowledge and self-efficacy contribute to
resuscitation attempts by birth attendants in practice.
Methods: A one-year retrospective cohort analysis was undertaken in Aceh, Indonesia of two groups
of community-based midwives, one having received formal training and a positive-pressure resuscita-
tive device and the other receiving usual educational resources and management. A path analysis was
undertaken to evaluate relative determinants of actual resuscitation attempts.
Results: 348 community-based midwives participated in the evaluation and had attended 3116 births
during the preceding year. Path analysis indicated that formal training in resuscitation and delivery of a
positive-pressure device were significantly related to both increased knowledge (8=0.55, p=0.001) and
increased self-efficacy (8=0.52, p=0.001) in performing neonatal resuscitations with a positive-pressure
device. However, training impacted actual resuscitation attempts only indirectly through a relationship
with self-efficacy and with knowledge. Combined across groups, self-efficacy was significantly associated
with positive pressure ventilation attempts (8=0.26, p<0.01) whereas knowledge was not (8=-0.05,
p=0.39).
Conclusion: Although, to date, evaluations of newborn resuscitation programs have primarily focused
on training and has reported process indicators, these results indicate that in order to improve
intrapartum-related hypoxic events (“birth asphyxia”), increased emphasis should be placed on par-
ticipant self-efficacy and mastery of newborn resuscitation.

© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

There has been significant progress in decreasing under-five
mortality in accordance with Millennium Development Goal (MDG)

Abbreviations: AAP, American Academy of Pediatrics; HBB, Helping Babies
Breathe; HIV, human immunodeficiency virus; IRB, Institutional Review Board;
LMIC, low- and middle-income countries; MDG, Millennium Development Goals;
NRP, newborn resuscitation program; SE, self-efficacy; TM, tube-and-mask positive-
pressure device.
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4, heralded by a decrease of 41% since 1990." However, progress
towards addressing newborn mortality has been much slower with
2.9 million newborns still dying annually and the contribution of
newborn deaths as a proportion of under-five mortality increas-
ing from 37% in 1990 to 44% in 2012 globally and reaching greater
than 50% in many regions.? 1.2 million of the 2.6 million annual
stillbirths also die during labor from largely the same causes.? Over
98% of these deaths occur in low- and middle-income countries
(LMICs).* Without a reduction in these deaths, many countries will
not be able to reach MDG 4 even beyond 2015.
Intrapartum-related hypoxic events (“birth asphyxia”) com-
prise nearly one quarter of newborn deaths, and their prevention
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requires immediate action within 1 min of birth. Given this and the
expansion of community health providers in healthcare systems,
there has been a greater emphasis on training these providers in
newborn resuscitation with updated and clarified algorithms and
materials such as with the Helping Babies Breathe® curriculum
(HBB).> Introduction of simple devices developed for LMICs and
on-site training has been shown to reduce neonatal mortality in
the first 24 h by as much as 47%.5

Determining whether a simplified neonatal resuscitation pro-
gram delivered by trained health workers can reduce neonatal
death due to intrapartum-related hypoxia was recently deemed
the number one research priority of the delivery domain in new-
born care globally.” However, coverage of neonatal resuscitation
has been woefully inadequate. In one evaluation, estimates of the
percentage of all babies birthed by staff trained in neonatal resus-
citation in six African nations ranged from 2 to 12%.8

Our previous research analyzed the effectiveness of a newborn
resuscitation training program conducted in Indonesia beginning
in 2005.° The training program occurred in a disrupted health
system after the 2004 Asian tsunami and resolution of the civil
conflict in the province of Aceh, Indonesia. The study assessed two
groups of midwives. The Intervention Cohort was formally trained
in newborn resuscitation as well as with the use and maintenance
of a reusable positive-pressure ventilation (PPV) device. Provided
in collaboration with the Ministry of Health in Aceh, our train-
ing program was a modified version of the American Academy
of Pediatrics/American Heart Association’s Neonatal Resuscitation
Program™ (NRP). The modified training focused on assessment
and therapeutic actions and consisted of steps up to and includ-
ing positive pressure ventilation. Both a bag-valve-mask device
and a tube-and-mask device were used in the instruction. Each
birthing facility received bag-valve-mask devices and, in addition,
each midwife received a tube-and-mask device upon successful
completion of the training. This group was compared to a Con-
trol Cohort, which was not formally trained and received no device
through this program. A similar number of midwives had attended
atleast one delivery in each cohort (63.6% versus 66.0%, p=0.67) yet
those in the Intervention Cohort provided PPV to a higher percent-
age of total births compared to the control cohort (5.21% versus
2.28% of newborns).? The Intervention Cohort rate corresponds
to expected values that estimate 3-6% of newborns require basic
resuscitation.!? However, regardless of their cohort, midwives in
both groups had similarly high resultant survival rates of newborns
provided PPV. Hence, the willingness to perform newborn resusci-
tation at the time of critical need seems likely to be a key predictor
for averting intrapartum-related deaths.

Provider self-efficacy (SE), or a person’s belief that he or she is
competent in a specific ability or behavior, has had limited atten-
tion in newborn resuscitation training literature as it pertains to
actual practice.!! A recent educational evaluation of HBB included
an assessment of SE after training alone among 133 facilitators
and learners.'? In that study, similar to prior studies, discrepancies
were noted between knowledge, skills, performance on manikins,
and SE.'213 As training programs are scaled globally, specifically in
LMICs, implementers will have to understand how providers will
best learn, retain, and actually use this training in real-life situa-
tions.

SE is a widely researched concept consistently found to be a sig-
nificant mediator and predictor of motivation and behavior change
in new or challenging tasks.'#!> Bandura’s early research on SE
found that a person’s willingness to perform tasks was a stronger
predictor of efforts to change and of behavioral outcomes than
the type of training or learning model employed.'* The American
Psychological Association notes numerous health-related applica-
tions (e.g. pain management; exercise; management of high-risk
behaviors related to smoking, substance abuse, eating, and human

immunodeficiency virus (HIV)).!® In recent medical research, Turan
et al.'” found a significant relationship between SE and mastering
the competencies of a medical education curriculum. SE has also
been found to predict clinical performance in nursing students.!8
In the field of midwifery, Jordan and Farley'® found that SE can
be enhanced in recent midwife graduates by appropriate instruc-
tion. Nevertheless, because SE is domain-specific, any assessment
should focus on the specific task being assessed. We believe that
attention to SE has value in training in global health settings,
particularly when local birth attendants are asked to learn new
techniques and procedures in high-risk situations such as in neona-
tal resuscitation. Confidence in one’s ability to intervene in such
settings could significantly impact willingness to initiate resusci-
tation efforts.

In the current study, we hypothesized that formal training
results in greater knowledge of the need for and practice of new-
bornresuscitation and in greater confidence (i.e., higher SE) in using
a PPV device. Furthermore, we hypothesized that, regardless of
training, those with greater levels of SE would be more likely to
perform resuscitation and that SE would significantly contribute
to resuscitation attempts with a positive-pressure device. These
hypotheses are represented in the path model in Fig. 1.

2. Methods

As previously described, this study surveyed midwives in three
districts in the province of Aceh, Indonesia, an area with a dis-
rupted health system.” From October 16, 2008 to January 23,
2009, we conducted an evaluation of retrospective cohorts among
community-based birth attendants in the districts of Aceh Barat
and Nagan Raya (Intervention Cohort) and in Aceh Selatan (Control
Cohort). The survey encompassed the preceding 12-month period
from Ramadan to Ramadan in order to aid with recall.

Regions selected were similar in terms of demographics, geogra-
phy, and impact of both the tsunami and the civil conflict. As above,
the Intervention Cohort received training in the use of PPV devices,
and each participant received a personal tube-and-mask device for
use beginning in September 2005.

2.1. Training intervention

We reported the methods of the three-hour training interven-
tion previously.?

The training program was implemented beginning in October
2005.

2.2. Training setting

The modified NRP training occurred on-site at midwives’ places
of work - often in a secondary clinic within the community.

2.3. Training content

The training curriculum included preparation for delivery, new-
born drying, newborn assessment, stimulation and stabilization,
and provision of ventilation (instruction was with both tube-and-
mask and bag-valve-mask devices). This training was implemented
before the release of the HBB curriculum in June 2010.

2.4. Training methods

First, an interactive lecture, predominantly of pictures and
graphics, described the context and methods for neonatal
resuscitation. After repeated modeling of resuscitation steps
by peer-instructors to provide observational learning, hands-
on practice with neonatal manikins and PPV was emphasized.
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Fig. 1. Hypothesized path analysis model. e: variance not explained by the model; R?: variance explained; B: path coefficients.

Each midwife repeated hands-on training with the PPV devices
on manikins, and a trainer assessed methods and provided
corrective feedback with other participants observing. The peer-
trainers led each participant through several alternate resuscitation
scenarios. Observed Structured Clinical Examinations (OSCE) eval-
uated performance of the participants. Midwives also practiced
administering correct pressure breaths into simple “soda bottle”
water-column manometers of 15 cm and 40 cm of water pressure
to ensure they could physically sense the pressure required for ven-
tilation. Midwives needed to successfully complete resuscitation
steps prior to receiving their own ventilation device. A pre- and
post-training knowledge assessment was also performed.

2.5. Outcome measures

During the survey period, both cohorts answered 44 questions
from a written and concurrently verbally administered survey
form in the Indonesian language (Bahasa Indonesia). Questions
addressed information about schooling, past and recent resusci-
tation training, number and nature of births attended, and use of
resuscitation steps over the preceding 12 months from Ramadan
2008 to Ramadan 2009. The midwives were also asked about
theirresuscitation attempts, knowledge, and self-efficacy (SE), with
these three primary outcome variables operationalized as follows:

Resuscitation attempts: Midwives reported the number of new-
borns in the 12 months for whom they provided at least one PPV.
Resuscitation knowledge: Three multiple-choice questions scored
as correct or incorrect and added to reflect percent correct.
Resuscitation self-efficacy (SE): Confidence in treating neonatal
asphyxia was assessed on a 5-point Likert scale, reverse coded so
that 1=not at all confident to 5 =very confident.

3. Data analysis

Path analysis, an application of multiple regression analysis,
was employed in our inquiry to assess how Group (Interven-
tion or Control) and levels of SE and Knowledge impacted

Resuscitation attempts. As indicated in Fig. 1, our study hypoth-
esized that Group (Intervention Cohort or Control Cohort) would
have a direct impact on levels of knowledge and SE, which would
then have a direct effect on PPV attempts. The effect of Group on PPV
attempts would operate indirectly, through its impact on knowl-
edge and SE. We were also interested in comparing the relative
contributions of knowledge and SE on PPV attempts, regardless of
the Group. Prior to analysis, all variables were examined through
IBM SPSS (Chicago, IL, USA) to ensure that data met assumptions.

This study was approved by the Institutional Review Board (IRB)
of Partners Healthcare, Boston, MA, USA. No IRB existed in the
study regions and, therefore, in-country approval for the study
was gained through signed letters of permission from each District
Health Office. All participants provided written informed consent
before participation.

4. Results

A total of 348 midwives participated in the survey and 3116
total births were attended in the preceding 12 months. The major-
ity of these were non-facility deliveries with 84.0% of deliveries
occurring within homes. Two hundred and forty-two midwives in
Aceh Barat and Nagan Raya comprised the Intervention Cohort; 106
midwives in Aceh Seletan comprised the Control Cohort. There was
evidence of training and device use crossover, with 14% of the Con-
trol Cohort reporting they had received resuscitation training since
2005 compared to 93% of the Intervention Cohort. Just over 11%
of Controls reported owning a resuscitation device compared to
95% in the Intervention Cohort. A comparison between bag-valve-
mask and tube-and-mask devices was not performed. The reader is
referred to Olson et al.? for complete information on these results.

5. Results of path analysis (Fig. 2)
5.1. Impact of training on self-efficacy and knowledge

In the path analysis, the regression of SE and knowledge on
Group yielded coefficients of determination of 0.27 and 0.30
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Fig. 2. Observed path analysis results. e: variance not explained by the model; R?: variance explained; 8: path coefficients.

Table 1
Mean self-efficacy and knowledge by Group.

Cohort N SE rating (rated from 1 to 5) Knowledge score (% correct)

Mean SD Mean SD
Intervention 242 4.15 0.83 87% 0.18
Control 106 2.86 1.25 56% 0.28
Significance level p<0.001 p<0.001

respectively, meaning that training accounted for 27% of the vari-
ance of SE scores and 30% of the variance in knowledge scores.
(Fig. 2) The Intervention Cohort demonstrated significantly greater
levels of both SE (8=0.52, p=0.001) and knowledge (S=0.55,
p=0.001). Mean SE and knowledge scores for the two cohorts are
listed in Table 1. Compared to the Controls, the Intervention Cohort
had significantly higher confidence ratings (SE) in treating neonatal
asphyxia (4.15 versus 2.86, p<0.001) and obtained higher knowl-
edge scores (87% versus 56%, p<0.001).

5.2. Impact of self-efficacy and knowledge on resuscitation

For the total sample of midwives, 17.8% provided PPV to new-
borns during the preceding 12 months (n=62) and 82.2% did not
(n=286). A higher percentage of women in the Intervention Cohort
gave PPV than women in the Control Cohort (20.2% versus 12.3%,
p=0.04). The distribution of midwives in each cohort giving at least
one PPV is listed in Table 2. Path analysis (Fig. 2) then examined the
relative contributions of SE and knowledge on actual PPV attempts,
when looking at all midwives combined between cohorts. Path
analysis results for this total sample indicated that SE significantly

Table 2

accounted for 6.76% of the variance in PPV attempts (R% of 0.06,
B=0.26, p<0.01); there was no significant relationship between
knowledge and PPV attempts (R? of —0.05, 8=—0.05, p=0.39).

6. Discussion

Newborn resuscitation is a life-saving intervention for
addressing one of the leading causes of neonatal mortality
globally. Improving provider uptake and application of newborn
resuscitation skills is a critical priority, but adequate coverage
is unfortunately lacking to date.® Understanding of how best
to enhance program implementation so the greatest number of
effective resuscitations are attempted by providers is needed. In
this study, we sought to elucidate the relative contributions of SE
and knowledge on the delivery of newborn resuscitation attempts
in a real practice setting.

Formal resuscitation training impacted PPV attempts indirectly,
through its significant impact on both resuscitation knowledge
and resuscitation SE. Training accounted for 27% of the variance
in SE and 30% of the variance in knowledge. However, only SE

Percentage of midwives in each cohort giving and least one PPV and the frequency of attempts by these midwives.

Cohort % with PPV >1 Range of attempts Number of midwives giving the following number of PPV attempts:

1 2 3 4 5 6 7 8 9
Intervention 20.2 0-9 26 10 5 3 2 2 0 0 1
Control 123 0-9 5 1 1 0 4 0 1 0 1
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demonstrated a significant effect on actual resuscitation attempts
with PPV, whereas knowledge did not.

By the time the survey assessed training outcomes, 14% of the
Control Cohort had received resuscitation training and 11% owned
a device. It is uncertain exactly where these 12 women obtained
their devices though the tube and mask device employed in this
study was commercially available in Indonesia. That some of these
women had obtained training or a device could well indicate that
this subset may have been more self-motivated. However, although
higher knowledge and SE was associated with the formal train-
ing intervention, the impact of levels of knowledge and SE was
assessed irrespective of group assignment, therefore, taking into
account contamination of the Control Cohort. Our results suggest
that regardless of the presence or absence of formal training, mid-
wives’ SE or confidence in administering resuscitation breaths is
a significant factor in the provision of resuscitation attempts in
practice. In this analysis, it was more significant than the level of
resuscitation knowledge.

7. Implications and importance of these findings

In Bandura’s seminal 1977 article on SE, he found that “expec-
tations of personal effectiveness formed through partial mastery
experiences during the course of treatment predicted, at 84% level
of accuracy, performance on highly threatening tasks that subjects
had never done before”.!* Strategies to enhance SE include mastery
with positive feedback, vicarious experience or modeling, verbal
persuasion, and increasing physiological and/or emotional arousal
states related to the targeted task.'#1>20 In other domains, partic-
ipant modeling and repeated observations of successful modeling
have been shown to contribute to SE. Our training incorporated all
of these elements of SE enhancement.

High-impact interventions to reduce neonatal mortality have
already been identified; however, there will be increasing impor-
tance placed on how these interventions are delivered to ensure
that providers are able to employ the training received.”-2! Prior
studies have shown a discrepancy between self-efficacy and skills
with manikin practice.'>!3 However, our study of practice pat-
terns of midwives following training suggests that more systematic
emphasis on incorporating techniques to enhance SE among
providers is needed. This seems to support a peer-trainer and
trainer-of-the trainer delivery model. SE may also be enhanced
by frequent re-fresher practice sessions. Making such sessions
cost-effective and practical may be an important direction of imple-
mentation investigation. These may be able to be performed briefly,
frequently, and on-site to overcome logistical and resource con-
straints regardless of the practitioner’s setting of practice. Further
investigation is needed to determine the optimal timing, methods,
and evaluation measures required for fidelity of skill retention and
SE of providers.

8. Limitations

Only 17.8% of midwives performed PPV during the preceding
year. This reflects that a large proportion of midwives in the study
area attended few or no deliveries. However, this practice pattern
does not negate the observed differences in proportions of new-
borns provided life-saving PPV. The range of PPV attempts made by
midwives in both groups was identical. In addition, only five mid-
wives in the Intervention Cohort and six midwives in the Control
Cohort provided more than five newborns PPV during the preceding
year, suggesting that results were not biased by a few very active
midwives. Rather, more midwives were providing at least some
PPV attempts in the Intervention Cohorts. Regardless, the benefit
of this path analysis is that it investigated the effect of both SE and

knowledge for the total population of midwives in both groups.
There is a possibility of recall bias among respondents. However,
we used the “Ramadan to Ramadan” timeframe to aid with recall
through bounding the preceding year’s events. Importantly, one
might imagine that those who attempted resuscitation gained a
perception of SE by doing so, rather than the reverse. This high-
lights the need for prospective evaluations of self-efficacy in the
future. Despite assured confidentiality and anonymity, midwives
in both groups may preferentially report successes. In addition,
our measures of knowledge included only a few key questions. We
believe that enhancing knowledge of resuscitation tasks is indeed
essential and a more comprehensive evaluation of knowledge may
have revealed that knowledge accounted for a greater degree of
the variance in actual resuscitation attempts. Similarly, we utilized
a question pertaining to a scale of self-perceived “confidence” as
a marker of SE. Context specific, multifactorial SE scales of neona-
tal resuscitation need to be developed. Further study is required to
determine the reproducibility of a SE focus in newborn resuscita-
tion practice in low-resource settings.

9. Conclusion

This study supports the feasibility of an innovative resuscitation
training program in increasing both resuscitation knowledge and
self-efficacy for using positive-pressure resuscitation devices. Here,
path analysis indicated that SE was significantly associated with
PPV attempts in practice although knowledge was not.

Greater attention to enhancing SE should be made within
training and skill maintenance programs of neonatal resuscitation
globally.
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