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Abstract

Introducation: The aim of this study was to evaluate the impact on knowledge and learner satis-
faction of adding a labour and delivery simulator-based training module versus a self-study session
to the pre-existing theoretical class, in the 5% year undergraduate medical curriculum.

Methods: One hundred and fifty seven students attending the 5-week Obstetrics and Gynecology
rotation were enrolled, and 107 completed the study. After a 90-minute “labour and delivery” theo-
retical interactive class, students were randomized to two groups: the first (n=56) participated in a
30-minute supervised self-study session, while the second (n=51) attended a 20-30 minute delivery
simulator session. Tests consisting of 10 multiple-choice questions were taken before the theoreti-
cal class (pre-test), after the self-study or simulation session (1% post-test) and 12-15 days later (2™
post-test). A subgroup of 53 students participating in this study (27 from the simulation and 26 from
the self-study arm) answered six additional questions on satisfaction with the learning experience,
at the time of the 1% post-test. Wilcoxon paired rank sum test, Wilcoxon T test, and z-statistic with
continuity correction were employed for statistical analysis, setting significance at p<0.05.
Results: Pre-test scores were similar in both groups (p=0.9567), but in the first post-test they were
significantly higher in the simulation group (p=0.0017). In the 2™ post-test, scores were again
similar in both groups (p=0.2204). Satisfaction was significantly higher in the simulation group
(p<0.0001).

Conclusions: Adding a simulator-based training session for medical students in management of
labour and delivery to the theoretical class led to a higher short-term increase in knowledge and
student satisfaction than attending a self-study session. Significant differences in knowledge were
no longer demonstrable at 12-15 days.
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Lectures and textbooks still form the core of under-
graduate teaching in Obstetrics and Gynaecology, but the
increased focus on training of practical skills and the lim-
ited availability of patients willing to participate in it, has
introduced the need for new methodologies. The learning
objectives in medical undergraduate training have been
extensively reviewed by leading organisations in the field
.2 Key recommendations from these documents include
implementation of a continuous process of curriculum
renewal to adapt to progress in the areas of knowledge,
stimulation of student motivation, and use of modern
technologies if evidence shows that they are effective.

The term “Best Evidence Medical Education” was
coined to describe the implementation of methods and
approaches to education based on the best available evi-
dence’. This implies the demonstration of benefit in im-
plementing educational tools before making them widely
available. Unfortunately, such evidence is available in
only a limited number of areas. For instance, problem-
based learning has spread rapidly in many medical schools
without sound evidence that it leads to greater retention
of knowledge, recall of information, or strengthening of
hypothetic-deductive reasoning “.
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Medical simulation has recent technology with many
potential advantages for undergraduate training, and the
idea that medical schools should consider redesigning
their curricula in the light of its appearance is gaining
wider support. 37 Success with the widespread implemen-
tation of simulation in medical schools has been reported
in selected settings ®, and its use for training students and
residents in Obstetrics and Gynaecology has been recom-
mended °. Simulation has been defined as the “artificial
(and almost always simplified) representation of a com-
plex real-world process with sufficient fidelity to achieve
a particular goal.”'’ Its application to medicine was ini-
tially limited mostly to Anaesthesiology, Cardiology and
Surgery, but is now widespread in other areas, including
Obstetrics. It allows learning and practice in a sheltered,
protected environment, giving students the chance to feel
safe with their performance before moving on to real pa-
tients. In undergraduate medical teaching, simulation has
the potential to facilitate acquisition of knowledge and
skills, to constitute an objective performance assessment
tool ' 12, as well as to open up new possibilities for the
evaluation process itself .'*'¢

Medical students’ cognitive impact using simulation
with mannequins has not been widely analysed as a main
research outcome. In a recent review of simulation re-
search in the obstetric field, it was noted that very few
studies focused on undergraduate medical learning, and
all of these evaluated the acquisition and training of pro-
cedural skills.'” It is not easy to separate the evaluation
of the cognitive compartment, when practice learning of a
technical skill is being performed, as was amply demon-
strated in the United Kingdom multi-center study, evalu-
ating principles for auditing simulated practice learning
environments in pre-registration nurses.'®

Students’ satisfaction is another important aspect of
the learning process, as it is strongly related to subsequent
motivation. However, evidence on undergraduate medi-
cal students’ satisfaction with different methods of clini-
cal education is currently quite limited, due to it’s subjec-
tivity and complexity."* Students’ satisfaction variables
have been categorized into three domains® personal (part
of the individual’s character, such as life satisfaction and
self-esteem), interpersonal (relationship between the stu-
dent and the clinical instructor) and organizational (char-
acteristics that may influence satisfaction such as number
of teachers, patients, educational methods, and learned
practical skills). Despite the complexity of evaluating this
issue, we believe that some degree of feedback on stu-
dent’s satisfaction, such as perception of learning or self-
confidence, is important when introducing and evaluating
a new educational tool.
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In this study, we evaluated the impact on students’
knowledge and satisfaction with the introduction of a la-
bour and delivery simulator-based training module into
the existing 5" year undergraduate medical curriculum.
Other aspects beyond the cognitive realm, such as tech-
nical, non-technical skills, and attitudes were not evalu-
ated. The main research questions underlying this study
were: “Do medical students improve their knowledge of
the main concepts of labour and delivery, when adding an
obstetrical simulator training session to a classical theo-
retical class?” “Do students feel more satisfied regarding
their learning experience and self-confidence, after at-
tending this simulator session?

Methods

From September 2004 to April 2006 a total of 157
fifth-year medical students, attending the 5-week Obstet-
rics and Gynecology rotation (groups of 24 to 26), were
invited to participate in the study (Figure 1). The overall
objectives and study design were explained to all, and
it was underlined that participation was optional, and
would not interfere with the subsequent training program
or with final grades. All students gave their informed con-
sent to participate.

Students were randomly assigned into two groups
using computer-generated random numbers. After a
90-minute “labour and delivery” theoretical interactive
class the first group participated in a 30-minute super-
vised self-study session, where two review chapters were
supplied on normal labour and cephalic delivery, with
emphasis on the phases of labour, foetal presentations,
and cardinal movements of the foetus during delivery.
The second group was divided into pairs and attended a
20-30 minute delivery simulator session, using the Noe-
lle™ (Gaumard® Inc. USA) simulator. This full-body,
script-driven simulator incorporates a computer control-
led mechanical apparatus for fetal descent in a pregnant
woman mannequin. The main learning objectives of the
session were to evaluate progress of the active phase of
labour and to perform the manoeuvres necessary to as-
sist an uneventful cephalic delivery. All students in this
group trained vaginal examination for evaluation of cer-
vical characteristics (consistency, dilatation and efface-
ment), diagnosis of an occiput presentation, fetal position
and variety. Emphasis was given to proper identification
of the sagittal suture, small and large fontanels, and ma-
ternal ischial spines for evaluation of fetal descent. For
conduction of delivery, students were trained to assess
descent of the fetal head, protect the perineum at the time
of head delivery, look for nuchal cords after head deliv-
ery, deliver the shoulders, and to double-clamp and cut
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Figure 1. Study flow chart
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the umbilical cord. After childbirth, students trained the
evaluation of placental separation, controlled cord trac-
tion, placental delivery and examination, and monitored
post-partum uterine contracture.

Knowledge was assessed using a 10-question
multiple-choice test, taken before the theoretical class
(pre-test), after the self-study or simulation session (1
post-test) and 12-15 days later (2 post-test). A pool of 30
questions was previously prepared by the faculty mem-
ber responsible for the theoretical class, and randomly
included in the three tests. Test questions focused on the
concepts and mechanisms involved during normal labour
and cephalic delivery.

Satisfaction was evaluated in a subgroup of 53 stu-
dents participating in the study, (27 from the simulation
arm and 26 from the self-study session), by adding six
questions to the 1% post-test. A five-point Likert scale

was used (1- totally disagree, 2- disagree, 3- no opin-
ion, 4- agree, 5- totally agree). Four questions centred
on students’ perception of learning: “It consolidated
knowledge acquired in the theoretical class”; “I learnt
something new”; “my perception of labour and delivery
mechanisms improved”; “I was satisfied with the knowl-
edge acquired”. Questions 5 and 6 centred on learners’
feelings towards the prospect of facing real situations:
“it diminished my anxiety towards future attendance of
childbirth”; “it increased my confidence with the capac-
ity to assist childbirth”.

Statistical Analysis - Matlab® R2006b was used for
statistical analysis. Since the Kolmogorov-Smirnoff test
revealed a skewed distribution of scores, non-parametric
tests were applied. The Wilcoxon paired rank sum test
was used to analyse the evolution of students’ grades in
each group. Wilcoxon T test was used to compare grades
and their evolution between the groups. Likert scores
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Table 1. Simulation and self-study groups test median scores (2.5, 97.5 percentiles) and inter-group* and intra-

group** statistical analysis (p).

Difference Difference
Pre-test 1% Post-test 2" Post-test  Pre-1 post (p) 1%-2" post (p)
Simulation (n=51) 3(0,5) 6 (4, 8) 7(2.6,9) p<0.0001 p=0.2527
Self-study (n=56) 25(0,5) 50,71 6 (2, 10) p<0.0001 p=0.0170
Diffe bet
thierence between p=09567  p=0.0017  p=0.2204 p=0.0261 p=0.3009

groups (p)

*Wilcoxon T test **Wilcoxon paired rank sum test

evaluating satisfaction were grouped into negative (to-
tally disagree + disagree), no opinion, and positive (agree
+ totally agree). A hypothesis test using the z-statistic,
with continuity correction, was used to compare the two
independent groups of categorical data. Significance of
the tests was set at p < 0.05. Randomisation results were
tested for gender, medical course average grades (until
the 5" year excluding Obstetrics and Gynecology) and
the 5% year theoretical test grade in Obstetrics and Gy-
necology. Average course grades between included and
excluded students were also compared. For validation
of the assessment tool, results were correlated with stu-
dents’ 5"-year Obstetrics and Gynecology theoretical test
grades, using Spearman’s rank correlation. As part of a
power analysis, effect sizes for our data were calculated
a posteriori, according to the procedure described by
Siegel?!, considering a statistical power of 0.95.

Results

From the total of 157 enrolled students, 50 were ex-
cluded after randomization because they did not complete
at least one of the scheduled tests (23 from the simulation
group and 27 from the self-study session). Thus, only 107
students completed all three tests, 51 from the simulation
arm and 56 from the self-study session.

There were no statistical differences between the two
study groups regarding gender, medical course average
grades, and 5" year Obstetrics and Gynecology theoretical
test grades. Also, no statistical difference was detected in
medical course average grades, between included and ex-
cluded students. Moreover, there was no significant cor-
relation between pre-test results and 5" year Obstetrics
and Gynecology theoretical test grades (RHO= -0.078,
p=0.42). On the other hand, a significant correlation was
obtained between these grades and 1* and 2™ post-tests

results, RHO=0.22 (p=0.02) and RHO=0.59 (p<0.0001),
respectively.

Median scores obtained in the pre-test, 1**and 2™
post-tests are listed in Table 1, together with test score
progression, inter-test and inter-group statistical analy-
sis. Pre-test median scores were not significantly differ-
ent in both groups (p=0.9567), but 1* post-test median
scores and progression between pre-test and 1% post-
test were significantly higher in the simulation group
(p=0.0017 and p=0.0261, respectively). Second post-test
mean scores and progression between post-tests were
not significantly different in both groups (p=0.2204 and
p=0.3009, respectively). A positive progression between
tests was observed in both groups, reaching statistical
significance in all but the simulation group 1*to 2™ post-
test progression.

The effect sizes varied between 0.9 and 1.26. The
effect size of the hypothesis test on the 2™ post-test indi-
cates that the statistical test was able to identify differenc-
es higher than 12.5%. Therefore, the alternative hypoth-
esis can be stated as “the difference in grades between the
two groups is higher than 1.25”.

Students’ self-perception of the learning experience
and feelings towards the prospect of facing real situations
are listed in Table 2. Overall satisfaction was significantly
higher in the simulation group (p<0.0001).

Discussion

In this study, reinforcement of a “labour and deliv-
ery” theoretical class with an obstetric simulator-based
session led to a significant increase in short-term knowl-
edge, when compared to self-study of similar duration.
However, a significant difference in students’ knowledge
was no longer demonstrable at 12-15 days. Both groups
improved their scores during this period, but the gain

4
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Table 2. Satisfaction evaluation through proportions of a simplified Likert score in the simulation and self-study
groups (n=53), and statistical analysis between groups* (p).

Simplified Likert Simulation Self-study
Question score (n=27) (n=26) P
“I consolidated the knowledge acquired ~ Negative 0 23% 0.0266
in theoretical class” No opinion 0 0
Positive 100% 77% 0.0266
“I learnt something new” Negative 0 23% 0.0266
No opinion 0 0
Positive 100% 77% 0.0266
“My perception of labour and delivery Negative 4% 46% 0.0011
mechanisms improved” No opinion 0 8% 0.4544
Positive 96% 46% <0.0001
“I was satisfied with the knowledge Negative 4% 27% 0.0481
acquired” No opinion 0 12% 0.2214
Positive 96% 61% 0.0054
“It diminished my anxiety towards Negative 19% 46% 0.0628
future attendance of childbirth” No opinion 7% 19% 0.3870
Positive 74% 35% 0.0091
“It increased my confidence on the Negative 11% 65% <0.0001
capacity to assist childbirth” No opinion 0 8% 0.4544
Positive 89% 27% 0,17232
“Overall satisfaction” Negative 6% 38% <0.0001
No opinion 1% 8% 0.0113
Positive 93% 54% <0.0001

* Hypothesis test using the z-statistic with continuity correction.

only reached statistical significance in the self-study
group. This suggests that the control group “caught up”
with their counterparts during this period, presumably be-
cause they attended other lectures and practical sessions
where related subjects were discussed. It is thus possible
to hypothesise that faster retention of knowledge can be
obtained with simulation training, but that other forms of
learning can compensate for this. Another possibility was
that the sample size of students attending the 2" post-test
was insufficient to show significant differences in knowl-
edge, or that assessment tools were incapable of detecting
these differences. However, the small effect sizes indi-
cate that the sample sizes are adequate to the statistics
conducted.

We acknowledge that a 12-15 day period is clearly
insufficient to evaluate long-term retention of knowl-
edge. Unfortunately, it was impossible to establish a
longer interval, as the faculty felt that students allocated
to the self-study arm needed to be compensated with a
simulation session, before initiating clinical observation
on the third week of rotation. The wide dissemination of
simulation technologies, together with the intuitive no-
tion that they are useful and appreciated by students, lim-
its the possibility of withholding them completely from
a group of subjects during medical training. A cluster
randomized trial design, involving different institutions
could overcome this problem, but it would be difficult to
control for other aspects of the medical school curriculum
influencing results. Therefore, it seems likely that short-

5
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term benefit will remain the best obtainable evidence for
evaluating the impact on knowledge of labour and de-
livery simulation technology in undergraduate clinical
learning.

A significantly higher satisfaction with the learning
experience and increased self-confidence was observed
in the simulation group, and this is an important argu-
ment in favour of the use of labour and delivery simula-
tors for undergraduate medical teaching, as these aspects
can have a profound influence on students’ motivation.

Similar evaluations have been published in other
areas of undergraduate medical education. In one study,
improved self-confidence of first year medical students
was shown, in response to questions on basic physiologi-
cal principles, after attending a workshop using full-body
model-driven simulators.” In a randomized controlled
trial evaluating simulation-based training versus tradi-
tional instruction in critical care and emergency medi-
cine, 38 third-year medical students were evaluated .
Two written tests were undertaken, just before and after
the instruction, in order to evaluate performance. No sig-
nificant differences were found in results obtained by the
two groups, but this could be due solely to the study’s
small sample size. A recent study evaluated the level of
confidence of 33 third-year medical students in perform-
ing obstetrical procedures after a “labor and delivery”
lecture, followed by training with the Noelle™ simula-
tor, versus no further instruction*. A self-reported higher
level of confidence in performing a vaginal delivery was
observed in those who had practiced with the simulator.

Some of the possible limitations of this study involve
the absence of a priori knowledge of the effect of the in-
tervention in order to calculate an appropriate sample size,
and the possible effects of student attrition. The tests used
to evaluate student knowledge were limited in strength
and time, in order to assure high student participation.
However, as already pointed out, the strongest limitation
was probably the short duration of follow-up. Learning is
a multi-step process involving acquisition, retention and
retrieval® and only the short-term implications of this
process were evaluated. Similar short-comings are found
in the literature involving simulation-based learning. De-
scriptive studies are more common than outcome-based
ones* probably because the opportunities for longitudi-
nal investigation with medical students are limited.*’

Learning objectives of simulator-based classes
(knowledge, skills, and attitudes) need to be clearly ad-
dressed when they are introduced in the medical curricu-
lum. For the purpose of this study, the impact of simu-
lation training was restricted to the cognitive aspects or
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conceptual understanding of the theoretical class. How-
ever, it is well known that simulation-based training can
promote other aspects of medical education, such as the
rapid translation of knowledge (knows) into reasoned ac-
tion (does).

Acknowledgments

The authors would like to thank the medical students
who accepted to participate in this study and Prof. Isa-
bel Macedo Pinto, from the Faculty of Psychology and
Educational Sciences at the University of Porto, for her
assistance in review of the manuscript.

References

1. Association of American Medical Colleges. Re-
port I. Medical School Objectives Project :Learn-
ing Objectives for Medical Student Education,
Guidelines for Medical Schools. Available from:
http://www.aamc.org/meded/msop/msop1.pdf.
Accessed: 2008-06-25. (Archived by WebCite® at
http://www.webcitation.org/5 YqMMjxqe).

2. General Medical Council. Recommendations on
undergraduate medical education: Tomorrow’s
doctors. Available from: http://www.gmc-uk.org/
education/undergraduate/GMC _tomorrows_doc-
tors.pdf. Accessed: 2008-06-25. (Archived by Web-
Cite® at http://www.webcitation.org/5YqOell'Y0)

3. Best Evidence Medical Education (BEME). Re-
port of Meeting: 3-5 December 1999, London,
UK. Med Teach 2000;22(3):242-245.

4. Sanson-Fisher RW, Lynagh MC. Problem-based
learning: a dissemination success story? Med J
Aust 2005;183(5):258-260.

5. Good ML. Patient simulation for basic and ad-
vanced clinical skills. Med Educ 2003;37 (Suppl.
1):14-21.

6. Cooper JB, Taqueti VR. A brief history of the
development of mannequin simulators for clini-
cal education and training. Qual Saf Health Care
2004;13(Suppl 1):111-18.

7. Ziv A, Wolpe PR, Small SD, Glick S. Simulation-
Based Medical Education: An ethical imperative.
Acad Med 2003;78:783-788.

8. Issenberg SB, Pringle S, Harden RM, Khogah S,
MS G. Adoption and integration of simulation-
based learning technologies into the curriculum of



Reynolds A, Ayres-de-Campos D, Bastos LF, van Meurs WL, Ber-
nardes J. Impact of labor and delivery simulation classes in under-
graduate medical learning.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

a UK undergraduate education programme. Med
Educ 2003;37(Suppl.1):42-49.

Macedonia CR, Gherman RB, Satin AJ. Simulation
laboratories for training in obstetrics and gynecol-
ogy. Obstet Gynecol 2003;102(2):388-392.

Doyle DJ. Simulation in medical education: Focus
on Anesthesiology. Med Educ Online [serial on-
line] 2002;7:16. Available from: http://www.med-
ed-online.org/f0000053.htm. Accessed: 2008-06-
25. (Archived by WebCite® at http://www.webci-
tation.org/5YqNS8tCZ1)

Morgan PJ, Cleave-Hog D. A canadian simula-
tion experience:faculty and student opinions of
a performance evaluation study. Br J Anaesth
2000;85:779-781.

Morgan PJ, Cleave-Hog D. Evaluation of medical
students’ performance using the anaesthesia simu-
lator. Med Educ 2000;34:42-45.

Pugh CM, Youngblood P. Development and vali-
dation of assessment measures for a newly devel-
oped physical examination simulator. ] Am Med
Inform Assoc 2002; 9: 448-460.

Morgan PJ, Cleave-HogD, GuestCB, Herold J.
Validity and reliability of undergraduate perform-
ance assessments in an anaesthesia simulator. Can
J Anaesth 2001;48(3):225-232.

Morgan PJ, Cleave-Hogg D, DeSousa S, Tarshis
J. High-fidelity patient simulation: validation of
performance checklists. Br J Anaesth 2004; 92
(3):388-392.

Nalesnik SW, Mills SC, Olsen CH, Haffner WHJ,
Zahn MC. Creating an ideal objective structured
clinical exam for an obstetrics and gynecology
medical student clerkship. Am J Obstet Gynecol
2005; 193:1544-1550.

Gardner R, Raecmer DB. Simulation in Obsterics
and Gynecology. Obstet Gynecol Clin North Am
2008;35:97-127.

Nursing and Midwifery Council (NMC), Coun-
cil of Deans for Health. Simulation and Practice
Learning Project: Outcome of a pilot study to
the test principles for auditing simulated practice
learning environments in the pre-registration nurs-
ing programme. Final Report: Dec 2007. Availa-

19.

20.

21.

22.

23.

24.

25.

26.

27.

Med Educ Online [serial online] 2008;13:14
doi;10.3885/me0.2008.Res00285
Available from http://www.med-ed-online.org

ble from: http://www.nmc-uk.org/aFrameDisplay.
aspx?DocumentID=3703. Accessed 2008-9-12.
(Archived by WebCite® at http:www.webcitation.
org/5Sam8HXGA3)

Stith JS, Butterfield WH, Strube MJ, Deusinger
SS, Gillespie DF. Personal, interpersonal, and or-
ganizational influences on student satisfaction with
clinical education. Phys Ther 1998;78(6):635-
645.

Ziaee V, Ahmadinejad Z, Morravedji AR. An eval-
uation on medical student satisfaction with clini-
cal education and its effective factors. Med Educ
Online [serial online] 2004;9:8. Available from:
http://www.med-ed-online.org/pdf/f0000082.pdf.
Accessed: 2008-06-25. (Archived by WebCite® at
http://www.webcitation.org/SYqQNMkjoV)

Siegel S. Nonparametric statistics for the behav-
ioral sciences. International student edition: Mc-
Graw-Hill; 1956.

Euliano TY. Small group teaching: clinical corre-
lation with a human patient simulator. Adv Physiol
Educ 2001;25(1):36-43.

Gordon JA, Shaffer DW, Raemer DB, Pawlowski
J, Hurford WE, Cooper JB. A randomized control-
led trial of simulation-based teaching versus tradi-
tional instruction in medicine: A pilot study among
clinical medical students. Adv Health Sci Educ
Theory Pract 2006;11: 33-39.

Jude DC, Gilbert GG, Magrane D. Simulation
training in the obstetrics and gynecology clerk-
ship. Am J Obstet Gynecol 2006;195:1489-1492.

Reese AC. Implications of results from cognitive
science research for medical education. Med Educ
Online [serial online] 1998;3,1. Available from:
http://www.med-ed-online.org/f0000010.htm Ac-
cessed: 2008-06-25. (Archived by WebCite® at
http://www.webcitation.org/SYENVEW3B)

Bradley P, Postlethwaite K. Simulation in clinical
learning. Med Educ 2003;37(Suppl.1):1-5.

Kneebone RL. Simulation in surgical training:
educational issues and practical implications. Med
Educ 2003;37:267-277.



Reynolds A, Ayres-de-Campos D, Bastos LF, van Meurs WL, Ber-
nardes J. Impact of labor and delivery simulation classes in under-
graduate medical learning.

Correspondence

Dra. Ana Reynolds

Departamento de Ginecologia e Obstetricia
Faculdade de Medicina da Universidade do Porto
Al. Prof. Hernani Monteiro

4200-319 Porto — Portugal

Phone: 00351917884911

E-mail: reynolds@med.up.pt

Med Educ Online [serial online] 2008;13:14
doi;10.3885/me0.2008.Res00285
Available from http://www.med-ed-online.org



