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Abstract
Understanding the fetus’s physiological reactions in the event of oxygen deficiency
is crucial for optimal fetal monitoring. The fetal heart rate (FHR) can provide
valuable information. Changes in the FHR are related to normal adaptation by the
fetus to changes in the environment as well as to oxygen deficiency. Today, personnel
working in the labour ward and midwifery students need to rely on their visual inter-
pretation of Cardiotocography (CTG) traces. A company called Neoventa Medical
has developed a method, the STAN Method, that combines CTG and ST Analysis.
CTG is used for continuous monitoring of the FHR and the uterine contractions.
ST Analysis can provide extended and more accurate information about the fetus
during birth. Becoming skilled at interpreting recordings of CTG and ST Analysis
requires time devoted to training and practice, and time is usually of limited source
when working in hospitals. The use of eLearning in medical education and contin-
uous education can change the way of learning to become more learner centered. It
can provide midwifes, midwifery students and obstetricians with more time flexibil-
ity and better understanding of the topic. The aim of this thesis was to investigate,
analyze and propose a design for a simple and user friendly interactive web-based
training tool, assessing CTG traces with and without ST Analysis, focusing on fetal
physiology during labour. The thesis work consisted of brainstorming sessions, mind
mapping and most importantly interviews. Interviews were conducted through the
internet as well as in a two day event, CTG Master Class, attended by the authors.
The results were non-functional and functional requirements for implementing the
STAN Trainer, along with a high-fidelity prototype of the STAN Trainer. The
non-functional requirements describe navigational and design guidelines on how to
develop the trainer. The functional guidelines describe the function of the trainer
and how to implement the exercises, and the prototype presents an idea on how the
trainer can look and function. There is a great need for a training tool such as the
STAN Trainer. The authors hope that with the introduction of an easy accessible
training tool, it can help obstetric staff recognize and interpret the fetal response to
oxygen deficiency.

Keywords: Cardiotocography, ST Analysis, STAN Method, Fetal Physiology, Oxy-
gen Deficiency, User Experience, eLearning, Medical Education.
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1
Introduction

Being born is the greatest challenge in the life of a human being. Unexpected events
can happen during childbirth, where the conditions of the fetus can change quickly.
Continuous intrapartum fetal monitoring aims to identify fetuses at risk during birth.
This method is used based on the understanding how the fetus reacts to stress and
oxygen deficiency, before it becomes compromised [1]. Oxygen deficiency is a great
risk for the fetus during the delivery process. It can cause neurological damage that
has a long-term effect on the baby and the family. In some cases the damage is
so severe it can lead to cerebral palsy, autism, seizures or even death, and human
cost is obviously irreversible [2]. It is therefore very important to monitor both the
condition of the fetus and the mother, with an accurate and real-time overview of
their well-being.

The STAN Method is a method developed by a company called Neoventa Medical
which is a unique analysis tool for fetal monitoring. It combines ST Analysis and
standard Cardiotocography (CTG) and thereby provides more accurate information
about the fetus during labour [3]. CTG is the technical means of recording the fetal
heart rate (FHR) and the uterine contractions during labour and birth, also called
electronic fetal heart rate monitoring (EFM) [4]. ST Analysis informs if the ST
segment of the fetal electrocardiography (ECG), electrical activity of the heart, is
abnormal. The ECG complex is demonstrated in Figure 1.1. The ST waveform of the
fetal ECG provides information of the function of the fetal heart during stress tests
[5]. The combination of CTG with ST Analysis can lead to significant reduction in
obstetric interventions, reduce rates of fetal blood sampling, and reduce the numbers
of infants born with significant metabolic acidosis [6, 7]. Using the STAN Method
in the maternity ward enables obstetricians and midwives to analyze the changes
in the FHR during labour, in order to institute timely intervention to avoid fetal
oxygen deficiency [4]. In fact, results from three meta-analyses show comprehensive
improvements with use of the STAN Method [8, 9, 10].
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1. Introduction

Figure 1.1: Fetal ECG complex marked where the ST segment is located.

With introduction of new technology and methodology, structured efforts on training
and re-education are essential in order for a full implementation in clinical practice
[1]. Existing guidelines employ visual interpretation of the CTG traces which in-
troduces inter- and intra-observer variability between individuals. Thus, the health
care staff needs to be well trained and have appropriate knowledge in understanding
different CTG patterns along with interpretation of the physiological reactions of
the fetus during labour [4]. It is recommended that all users devote time on both
aspects, that there is easy access to training tools, and that these tools are made
available to all staff. A structured training model will simplify the implementation
of CTG and ST Analysis and also add value and quality to the everyday work in
the maternity ward [11]. Some of the key factors in minimizing the threat of risky
situations during childbirth are compulsory education and regular training in the
interpretation of CTG traces and fetal physiology. Obstetric litigation are increasing
in the western world, and the majority of claims related to the intrapartum period
happen due to misinterpreted CTG or because inappropriate action was taken when
the fetal heart rate was abnormal [12]. The newer methods such as ST Analysis act
as adjuncts to CTG traces and can help bring more healthy babies to the world,
making vaginal births possible for women and prevent obstetric litigation.

In the past few years, changes have occurred regarding medical education. Changes
in the health care along with advances in medicine result in medical educators having
less time for teaching. Traditional teaching methods are shifting towards learner
centered models where it puts the learner in control of their own learning [11]. This
change has led to online learning, eLearning, becoming a part of the conventional
medical education. eLearning has been defined in many ways, however, primarily it
means the educational use of technology [13].

2



1. Introduction

1.1 Aim & Objectives

The aim of this Master’s thesis was to investigate, analyze and propose a design
for an interactive web-based training tool, assessing CTG traces with and without
ST Analysis, focusing on fetal physiology during labour. The tool was intended for
continuous education in the maternity ward as well as in midwifery science programs.
In order to achieve the aim of the thesis, a literature review was conducted on CTG,
ST Analysis and eLearning initiatives to assess ways of teaching in health care
environment. Research was also done on current state-of-art and promising work,
i.e. similar projects and what type of solutions were implemented. Potential users
of the proposed training tool were interviewed to get a basic understanding of the
problem at hand, further input for the design and function of the tool. The thesis
also provided a set of guidelines and recommendations on how to implement the
design. The recommendations were based on the literature findings, results from
interviews and market research. A prototype for a solution that can be further
developed into a fully functional training tool was also included.

1.2 Neoventa Medical AB

The focal company of this study is a privately held Swedish company called Neoventa
Medical AB (henceforth referred to as Neoventa). It is a medical device company
founded in 1997 by Professor KG Rosén. Professor Rosén is a physiologist, pediatri-
cian and a neonatalogist. He started developments on medical devices as a way to
ensure the use of his knowledge in the field of fetal monitoring. Neoventa’s headquar-
ters are located in Gothenburg, Sweden and they have subsidiaries in Paris, France
and Boston, USA. The company provides innovative fetal monitoring solutions and
services that improve perinatal care. Their expertise is the STAN Method for fetal
monitoring which, as mentioned earlier in this chapter, uses the combination of ST
Analysis of the fetal ECG and CTG in monitoring during childbirth. It is a sys-
tem that displays the FHR, the uterine activity and information resulting from a
computerized analysis of the ST interval of the fetal ECG. STAN S41 is the latest
in a series of products launched for the perinatal health care. The company also
has a comprehensive education and training program called Neoventa Academy. It
includes customized training, elearning with certification and CTG Master Classes,
where they use authentic cases for the training material. Neoventa is a provider
of a disposable fetal scalp electrode for internal fetal monitoring. The electrode is
called Goldtrace and was the first scalp electrode to be developed specifically for
ST Analysis [14]. The authors of this thesis were first introduced to Neoventa in
the course Biomedical Instrumentation at Chalmers University of Technology. A
company visit was arranged in the course to learn more about fetal monitoring and
they made a positive first impression. The authors were immediately curious to
know more about the company and knew that this was their area of interest. The
interest was still there when they were evaluating what subject to focus on for a
master thesis. The main reason why Neoventa was chosen as the focal company for
this project is because they are leading in perinatal care, and their vision is to make

3



1. Introduction

each baby’s birth into this world as safe as possible.

1.3 Ethical & Sustainability Aspects
Well trained health care staff will provide overall better care and safety for the
patient’s, and reduce human suffering. Patient safety should be embedded in the
training of health care staff, as the providers of neonatal care it should be a top
priority. Health care staff have an ethical obligation to train and educate them-
selves about aspects of the medical care they provide. Not pursuing to improve the
situation with additional new or other methods is unethical [15]. Assessing diffi-
cult situations can be challenging and different ethical dilemmas can occur. The
suggested training solution will help health care staff to assess and address these
challenging situations and can be helpful in preventing unforeseen neonatal injuries.
Communication and information flow between health care staff will be better under
stressful situations and ensure improved effectiveness. By achieving better commu-
nication and information flow, there will be an increase of patient safety and well
being. An eLearning training solution will lower the paper consumption of hospitals
and therefore reduce impact on the environment. This will improve the sustainabil-
ity of health care.

4



2
Background

This chapter describes the theoretical background of the STAN Method that com-
bines two methods used during labour, CTG and ST Analysis. In addition, it
presents clinical evidence from four different studies that used the STAN Method.
Furthermore, it will describe examples of fetal responses that labour ward staff need
to be aware of when assessing the CTG and the ST Analysis traces during labour.
Different stages of oxygen deficiencies are discussed along with discussion on the
fetal responses against oxygen deficiency. The last section presents the concept of
eLearning in medical education. The purpose of these four sections is to give the
reader an introduction to the methods and its scientific status in relation to this
thesis.

2.1 Cardiotocography (CTG)

Cardiotocography (CTG) is a term used to describe continuous monitoring of the
fetal heart rate (FHR) and uterine contractions [16]. The method of using CTG
to record the FHR can also be called electronic fetal heart rate monitoring (EFM).
This method is used during the pregnancy and either continuously or intermittently
during labour. It is used to determine the fetal well-being in lowering rates of fetal
metabolic acidosis and operative deliveries [4]. Monitoring the fetus dates back to
the 18th century when it was used to distinguish between a live and a dead fetus.
The more recent technology of electronic fetal monitoring techniques was, however,
introduced in the 1950s and 1960s [17, 18]. The continuous monitoring of the fetal
reactions was considered to provide an opportunity to identify hypoxia and pre-
vent brain damage. With improvement of the CTG monitors and the labour ward
equipment, the CTG technology has become standard [5]. The technique is easy to
operate and is measured externally by using a Doppler ultrasound transducer for
measuring the FHR and a pressure transducer for measuring the contractions [19].
Another method, the STAN Method, can be used by measuring internally with a
fetal scalp electrode. In that case, ST Analysis is used and that type of method will
be explained better in the relevant Section, 2.2.

In order to properly interpret the CTG recordings, a number of parameters should
be assessed such as the duration and quality of the recording, baseline heart rate,
variability, accelerations, decelerations and the recording of contractions. A good
signal quality is essential to get accurate interpretation and it is better to spend time
improving the signal quality rather than interpreting inaccurate data [5]. The STAN

5



2. Background

Clinical Guidelines classifications system of CTG that Neoventa uses is originally
based on the FIGO classification systems. The classifications described here below
are followed by the FIGO guidelines and Figure 2.1 displays the parameters that
need to be assessed [16].

Figure 2.1: The five features evaluated in CTG interpretation, ©Neoventa
Medical AB.

Baseline heart rate is defined as the fetal heart rate recorded between contractions
over a period of at least 10 minutes. A normal fetal baseline heart rate for a term
fetus is defined as 110 to 150 bpm [5].

Variability is the bandwidth of the baseline and refers to the oscillations in the
FHR signal. It is therefore evaluated as the average bandwidth amplitude of the
signal in one-minute segments and can be defined as normal, reduced and increased
variability. A normal variability has a bandwidth amplitude of 5 to 25 bpm [16].

Accelerations occur when there is an increases in FHR above the baseline of more
than 15 bpm that lasts for 15 seconds or more. A reactive CTG containing at least
two accelerations within a period of 20 minutes is considered reassuring [16].

Decelerations are defined as a drop in the FHR below baseline of more than 15
bpm lasting more than 15 seconds [16]. Decelerations are related to contractions
and thereby the development of hypoxia. This type of CTG pattern can be classified
as early, late and variable [5].

Contractions are visible as bell-shaped gradual increases in the uterine activity
signal. Uterine contractions are so strong that they can compress the fetal head,
the umbilical cord and they can cause reduction in the utero-placental circulation.
They are important for the progression of labour and while being evaluated, they
can contribute to changes in the FHR [16].

6



2. Background

2.2 ST Analysis
Initial research of ST Analysis started over 40 years ago, by Professor KG Rosén,
where preclinical animal studies were performed on fetal lamb as a model. This
knowledge has enabled interpretation of complex reactions that exists during labour
[5, 14]. It was, however, around the beginning of the 20th century when the ST
Analysis method became an additional source of information that allowed for more
accurate identification of the fetal status. The ST Analysis technique has now a
widespread use around the world [20]. The technique uses a number of parameters
that work together to detect changes in the fetal ECG waveform. It continually
analyses, detects and alerts changes that could potentially be related to fetal hypoxia
and is used as an adjunct test to the standard CTG monitoring. The change in the
ST interval of the fetal ECG assists in detecting any signs of hypoxia and gives
valuable information how the fetus is handling the stress of labour [3]. A normal
ST waveform, as represented in Figure 2.2, demonstrates a sufficient fetal oxygen
supply and the fetus usually displays a rather stable ECG waveform throughout
labour. The ST segment is normal when it is horizontal or upward leaning and
positive and the T-wave is stable [5].

Figure 2.2: Normal ECG complex displayed with explanations, along with an
example of how to calculate the T/QRS ratio, ©Neoventa Medical AB.

If the segment is abnormal, it will show a change in amplitude and/or instability, see
Figure 2.3. A change of the ST segment and an increase of the T wave amplitude
of the fetal ECG can indicate when the fetal heart is responding to hypoxia. A
depression of the ST segment indicates when the fetal heart muscle is not fully able
to respond or has not had time to respond. This pattern occurs when the fetal heart
is exposed to stress and its pumping ability is reduced. In case of an abnormal ST
segment, the monitor displays an automatic ’ST Event’ alert and required actions
are recommended according to clinical guidelines provided by Neoventa. In order to
obtain the fetal ECG a spiral electrode is attached directly to the fetus’s scalp.

The ST Analysis technique combines measurements of the R-R interval with assess-
ment of changes in the ST interval [5]. During continuous monitoring using CTG,

7



2. Background

the time between two heart beats is recorded, called the R-R interval, seen in Fig-
ure 2.2. When recording the R-R interval, the fetal heart rate can be obtained.
However, in order to accurately measure the changes in the ST interval, the ra-
tio between the height of the T-wave and the QRS amplitude is calculated. That
provides the T/QRS ratio and an example of that can be seen in Figure 2.2. An
important thing to note here is that the fetal heart and the brain are equally sensi-
tive to oxygen deficiency. Therefore, the information related to the heart function
provides an indirect indication as to weather the brain is suffering from hypoxia
during labour. The technique has been studied thoroughly and its diagnostic value
has been confirmed to significantly reduce the number of metabolic acidosis as well
as unnecessary interventions such as operative deliveries and fetal blood sampling
(FBS) [5].

Figure 2.3: The interpretation principle of ST waveform changes, ©Neoventa
Medical AB.

2.3 STAN Method
The STAN Methodology, developed by Neoventa, is used for continuous fetal mon-
itoring. The method is a unique analysis tool consisting of a device with the stan-
dard CTG functions with ST Analysis as an adjunct to CTG. The combination of
ST Analysis and standard CTG parameters can provide more accurate information
about the condition of the fetus compared to using CTG alone [7]. The method
requires that an electrode is applied to the fetus’s scalp to measure the ECG wave-
form. This central message from the fetus’s heart provides continuous monitoring
in order to secure the best outcome for both the baby and it’s mother [3].

2.4 Clinical Evidence of the STAN Method
ST Analysis is one of the most studied fetal monitoring methods where several
randomized trials and observational studies have been published showing a broad
spectrum of improvements. The first clinical randomized controlled trial was pub-
lished in 1993 showing a 46% reduction in operative deliveries for ’fetal distress’ and
a trend to less metabolic acidosis in birth [21]. In a more recent study, published
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March 2018, 42.146 deliveries were analyzed over the study period 2001 to 2011.
The primary objective of the study was to "evaluate the importance of the learning
period on the rates of metabolic acidosis and operative deliveries after implementa-
tion of ST Analysis". Cord blood metabolic acidosis, rates of cesarean section, and
FBS were the main outcome measures. The prevalence of cord pH decreased from
1.5% to 0.81%, the rate of cesarean deliveries decreased from 17.2% to 14.1% and
the rate of FBS went from 1.75% to 0.82%. The authors conclude that they provide
evidence that the results improve over time and that there is a learning curve in the
introduction of the ST Analysis method [22].

Three meta-analyses (MA), statistical analysis based on multiple randomized con-
trolled trails, have been conducted showing important results with using CTG to-
gether with ST Analysis. Olofsson et al. assessed the methodology, execution, and
quality of five previously published MA which compared using CTG alone to the
combination of CTG and ST Analysis. The author concluded that those five MA
contained errors and were not performed properly. The analysis showed that CTG
plus ST monitoring can significantly reduce FBS usage, reduction of 36%, total
operative delivery rate, reduction of 7% and metabolic acidosis rate, reduction of
39% [8]. Vayssière et al. conducted a MA on revised data, using five different MA
methods. The author concluded that the results were consistent and significant
using all five methods. The application of revised and comparable data produced
results showing 35% decrease in metabolic acidosis at birth using CTG with the ST
Analysis method. The author thinks that the use of the STAN Method for intra-
partum surveillance turns out to be a valuable alternative compared to using CTG
alone. Also, the author finds the method beneficial since it shows improved results
in reducing the incidence of metabolic acidosis as well as better standardized deci-
sions for immediate operative delivery [9]. Blixt et al. performed a MA where the
objective was to quantify the effectiveness of using CTG with ST waveform analysis
compared to only using CTG. Six randomized trials were included in the MA. The
author observed a significant reduction of 36% in the rate of metabolic acidosis.
The author also concluded that ST waveform analysis "was not associated with a
reduction in operative deliveries". The conclusion of this study was that there is
not enough evidence to justify the use of ST waveform analysis in present obstetrics
[10]. The results from the three MA have been summarized in Table 2.1.

Table 2.1: Results from the three meta-analyses.

34-39 % Reduction in neonatal metabolic acidosis
36-41 % Reduction in fetal scalp blood sampling
7-8 % Reduction in operative delivery

2.5 Fetal Response During Labour
During labour, it is essential to understand fetal physiology to be able to correctly
assess all aspects and findings of the CTG trace [4]. Normal fetal physiology involves
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various adaptions. They allow the fetus to achieve a level of oxygen consumption,
distribution of fetal blood flow and can be measured in the FHR [23]. At the same
time, it is critical to keep in mind that every fetus reacts differently to the same
kind of mechanical or hypoxic stress [4].

There are three phases of fetal oxygen deficiency during labour, see Figure 2.4.
The first phase of oxygen deficiency is hypoxemia, which means a decrease in the
amount of oxygen in the arterial blood alone. The fetal response to hypoxemia
are more effective uptake of oxygen, reduced activity, decrease in growth rate and
maintaining energy balance. The fetus can handle this situation for days or even
weeks. Hypoxia is the second phase of oxygen deficiency. During hypoxia, oxygen
saturation decreases further, which affects the peripheral tissues. The fetus response
to hypoxia can be a surge of stress hormones, redistribution of the fetal blood flow,
tissue anaerobic metabolism and maintaining energy balance. The fetus can handle
this situation for several hours. Asphyxia is the third and last phase of oxygen
deficiency that affects the high priority organs, and causes a high risk of organ
failure. During asphyxia, there is anarerobic metabolism in the central organs, the
fetus reacts with maximum alarm reactions and the heart and brain fail to function.
In case of asphyxia, there has to be immediate delivery because the fetus can only
handle this phase for several minutes [5].

Figure 2.4: Three phases of fetal response to oxygen deficiency, ©Neoventa
Medical AB.

2.6 eLearning in Medical Education
eLearning, also called web-based learning or online learning, has been defined in
many different ways. In its broadest sense, eLearning is learning through the inter-
net. A very basic definition of eLearning is that it is "the use of internet technologies
to deliver a broad array of solutions that enhance knowledge and performance" [24].
The definition adopted for this research is "an interactive activity based on a web-
based technological tool for the purpose of training, and improving knowledge and
performance in health care" [25]. The central users implied by eLearning, eLearners,
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are any individuals that intend some learning activities online, henceforth referred
to as the user. Understanding this role is crucial to a fruitful implementation and
design of an eLearning tool [11]. The definition of good eLearning is that it should
be tailored to the particular profession and the user. It also needs to be interactive,
captivating and be accessible for the user [26].

Students usually find work more interesting with engagement and interaction dur-
ing their education. Through active learning and engaging students, it can improve
knowledge gain, the work becomes more interesting and the students therefore put
more effort into it. Active learning is a learner centered method in teaching where
the focus is set on the individual, compared to the whole group or class. One defi-
nition says that it is "anything that involves students in doing things and thinking
about the things they are doing" [27]. Passive learning, on the other hand, occurs
when students prepare for lectures at home or outside of the classroom. It requires
students to attend lectures and the teacher being the main provider of content.
Nowadays, teachers in medical schools lack the pedagogical training. Instead, they
teach as they were taught when they were students. Usually, they manage lecture
driven teaching methods with limited engagements and interaction despite the fact
that the field of medicine is constantly changing and evolving. Active learning can
combine observing and engagement with reflective exercises where students perform
certain activities. In that way, active learning is different from passive learning but
it is important that the role of passive learning can not be lessened [27].

Studies related to knowledge gain have shown that using web-based learning in
medical, nursing, and dental literature is equivalent to using traditional methods. It
has also been shown, both in medical and non medical literature, that students are
very content with eLearning. When comparing eLearning to traditional learning,
students have rated eLearning as easy to use and accessible. Their satisfaction rate
regarding eLearning increases with interactivity and user friendly graphical interface
design. However, it is important to note that they do not see eLearning as a replace-
ment of teachers but instead as a complement to it. The integration of eLearning
into midwifery science and re-training in hospital environment can change the way
adults learn in medical education. On one hand, instead of going to class and lis-
tening to a teacher, students can come to class to discuss, work and collaborate in
groups. In that case, the teacher becomes a facilitator of learning instead of almost
only providing students with material. On the other hand, in re-training, the stu-
dents can use eLearning on their own, whenever they want and control their studies
as it offers great flexibility regarding time and place [11].
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Previous work

The amount of eLearning material available has increased throughout the years,
thanks to the growth of educational technologies and the internet. Within medical
education, digital libraries have been created along with high-quality and share-able
eLearning material. This chapter will cover current and previous work in the field of
eLearning material in neonatal care. The majority is programs made by Neoventa,
and one was found through online research.

3.1 CTG-utbildning
CTG-utbildning is an interactive program for education, training, and evaluation of
the users knowledge of CTG and fetal monitoring only available in Swedish. The
aim of the program is to prevent birth injuries and fetal death, by ensuring skills and
knowledge in the assessment of CTG traces for obstetric professionals. The program
offers exercises and reading material, a certification test as well as information on
Swedish guidelines on CTG interpretation. The certification and guidelines can be
found on the home page. The training section of the program consists of different
chapters with material that can be followed in the order they were intended or in
the order the users’s choice. The chapters contain different categories and educa-
tional programs. There are ten chapters with various subjects that are related to
fetal physiology, monitoring, CTG, and case studies. Figure 3.1 shows the library
of reading material and training material that is available on the CTG utbildningen
web-page, www.ctgutbildning.se. At the end of each chapter, there is a knowledge
test where the user can test its acquired understanding of the material. The practice
test is made up of multiple choice questions. It varies if the questions have only one
correct answer or if they can have multiple correct answers. The last chapter of
the training section is where the user can train CTG traces interactively. It consist
of four different kinds of cases with different amount of exercises each: 12 exercise
cases, 6 study cases, 24 typical cases, and 38 classification cases. These cases are
presented in different format depending on the purpose of the training.

The certification test is a CTG knowledge test and is divided into two parts, theo-
retical and CTG interpretation. The theoretical part of the test contains multiple
choice questions, where the questions can have several correct answers. The CTG
interpretation part contains five different cases with identical multiple choice ques-
tions. In order to pass the test, the user has to get at least 70% correct out of 100%
and the test takes approximately 45-60 minutes to finish.
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Figure 3.1: A screen capture of all the different exercises offered by
CTG-utbildningen.

3.2 Neoventa Academy
Neoventa Academy is a web-based education program offered by Neoventa. It covers
basic physiology, CTG physiology, CTG interpretation, fetal ECG physiology, fetal
ECG interpretation, and assessment of the child where the material is can be used all
over the world. The literature material is available in fourteen different languages.
The program offers doctors and midwives both practical and theoretical education
based on authentic cases. It offers a broad range of learning opportunities in the form
of printed training materials, eLearning with certification and STAN Cases along
with other non web-based activities. STAN Cases and eLearning with certification
will be discussed further in the following two sections considering the relation to
this research.

3.2.1 STAN Cases
STAN Cases is an online interactive case library. It is created by Neoventa and
provides additional learning opportunities, training, and education for the intended
user. The STAN Cases are to engage the user in a real life cases, similar to a case
it will face when working in the maternity ward. They are available at no cost so
that the users can practice and train their skills by identifying different patterns of
standard CTG with and without ST Analysis recordings. The library contains 24
CTG case recordings without ST Analysis and 24 CTG case recordings that include
ST Analysis where all are real life authentic cases. Included in each case is a clinical
background, outcome information and expert comments. Due to privacy reasons,
all personally identifiable data has been removed from the recordings. All cases can
be scrolled through at the users own pace where the summary is always present on
the left side of the recording. The benefit with an online case library like this is
that it it easy to access where the user can train at his or her own pace and re-train
when there is time. Figure 3.2 displays the front page of the STAN Cases web-page,
www.stancases.com.
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Figure 3.2: A screen capture form stancases.com.

3.2.2 eLearning with Certification

eLearning with certification is a program that offers educational content built on
Neoventa’s printed training material. It is an interactive program for education and
training in CTG and ST Analysis interpretation. It has been divided into three
separate parts: Fetal Monitoring with CTG, Fetal Monitoring with ST Analysis
and a certification test. Each chapter is further divided into several sub-chapters
where the material is based on authentic and real life cases, reading material, and self
tests. As an aid to the reading material and to illustrate it, the sub-chapters contain
photographs, animated images and interactive images that move when clicked on.
In some chapters there are scrollable recordings showing CTG traces and ST Events.
The material can be read in sequence or in the order of the reader’s choice. At the
end of each chapter there are study questions along with answers in a PDF format,
which can be downloaded directly from the site. The Fetal Monitoring with CTG
part holds a case library of 36 authentic CTG recordings along with patient history.
The Fetal Monitoring with ST Analysis part has a case library of 25 authentic ST
Analysis recordings also along with patient history. The cases enable the user to
practice and get a deeper understanding of CTG and ST Analysis interpretation.
When the user feels well prepared, and has read the material and answered the
study questions, he or she can take the certification test. The certification test is a
knowledge control test that starts with a selection of 25 multiple choice questions
and five short CTG recordings along with questions. The grading system for the
test has a maximum of 50 points, and the user is required to pass the test with a
minimum of 85%. If the test is not passed the first time, the user can try again.
Although a new set of questions and recordings is presented for every new attempt.
The test takes approximately 20 minutes to finish. Figure 3.3 shows the front
page of the Fetal monitoring with CTG part of the eLearning training program,
www.neoventaeducation.com.
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Figure 3.3: A screen capture from neoventaeducation.com.

3.3 Electrical Fetal Monitoring
A project called eLearning for Healthcare (eLfH) was developed by the Health Ed-
ucation England (HEE) Programme to support patient care by providing accessible
eLearning to educate and train health care staff. This is a comprehensive project and
has over 10 thousand eLearning sessions within 150 programs with a wide range of
subjects. Electrical Fetal Monitoring (eFM) was developed for the eLfH project and
is an online training program. It aims to teach and assess the users in all aspects
of intrapartum fetal monitoring. The indented users for this program are health
care staff in the maternity ward and midwives in training. There are administrative
restrictions where access to the program is limited to the hospital staff in United
Kingdom.

When entering the training program the user is presented with a section called ’My
eLearning’. This section contains the training sessions where the user can choose
the desired training topics. The training session is divided into four parts. The first
part is interactive, knowledge based tutorial section with different topics regarding
background, care in labour, CTG, etc. The second part is the assessment part.
It tests the what the users’ understanding and what they have acquired from the
learning session. The third part is the case studies. This part contains real life cases
from the years 2011 to 2017. They can provide the users with valuable knowledge
and allow them to practise and interpret an actual FHR recording. Furthermore,
the user can learn to manage practical maternity ward setting and knowledge that
is not available from other resources. There are two types of cases and they are
divided into ’Test’ and ’Learning’ study cases. The Test cases are divided into one
hour segments and this trace hour will carry points for the exercises. These points
can be earned from the online courses and upon completion, a certification is avail-
able. In order to pass the course and get a certification, a score of 80% or higher is
required. The Learning cases allow the user to have more flexibility to explore cer-
tain segments of the trace throughout the case study. This part is a great addition
for further discussions, for study groups, and meetings in the labour ward. Skills
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and knowledge can be tested by analyzing case studies with CTG traces, using in-
teractive exercises. The score outcome is provided at the end of each session, giving
the user feedback on the performance. The fourth part is access to an extensive
eLibrary, with clinical guidelines and related articles from medical journals. Figure
3.4 presents the different options to choose when the user has entered his or her
account, www.e-lfh.org.uk/programmes/electronic-fetal-monitoring/.

’My Account’ contains an electronic activity record of all sessions the user has regis-
tered for. The record shows the title, date and time of access, the score in percentages
and outcome for all the sessions the user has accessed for a specific time frame and
displayed in ascending or descending date order. This gives a visual overview of the
progress, status of the session, and can be displayed in a web-based format of a CVS
file for Excel or a PDF file [28].

Figure 3.4: A screen capture from a eLearning eFM session.

3.4 Previous STAN Trainer
The STAN Trainer is an exercise tool for assessing CTG curves with ST Analysis.
It is an application built in 1998 and was used as a learning tool for the Swedish
STAN study [7]. All functions are in Swedish and it needs to be installed to run
on a desktop or a laptop computer. The application offers two alternatives, the
Trainer and the Editor. The trainer is built of, through the user interface, a CTG
recording that scrolls automatically and stops on regular intervals. The user can,
however, turn the automatic scrolling off. When the CTG recording stops, the user
is presented with a question where he or she is asked to judge the curve. Each case
is presented with the same set of questions. The editor is where the user can import
cases, study them and practice. There are no question presented in the editor, but
what the editor has in addition to the trainer is that it acts as a repository for
comments on each case. It is possible to add the comments either in a log section
on the right side, see Figure 3.5, or as a black box on the recording. If the user finds
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that something looks abnormal on the trace, a comment can be added as a black
box and in that way reference a place on the CTG trace. The box will then stay
in that particular place of the users choice. The Trainer is not being used at the
moment and has not been used for many years for the reason that it is outdated
and has some features that act as a hurdle for the user and its experience with the
trainer.

Figure 3.5: A screen capture of the old version of the STAN Trainer.
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Designing an interactive product concerns creating user experience to enhance, sup-
port and develop the way people work and communicate. The process requires
development of a desirable product that will be easy and effective to use. It should
be challenging and motivating, and leave the users with an enjoyable, useful and
engaging experience. In order to design such a product, several things needed to
be evaluated beforehand. The following chapter will describe the process of the
methodology used toward a design of an interactive training tool. To clarify how
the thesis was carried out, a problem solving cycle approach was followed. Firstly,
the chapter addresses the background research strategies and choice of data gath-
ering for understanding the problem at hand. The problem was then defined and
goals for a solution were established. Interviews were conducted in order to gain a
better insight and understanding of the problem. Secondly, brainstorming session
were held where ideas and solutions were generated by using mind maps. Results
from the interviews were analyzed and used as an aid for choosing an designing
the solution. In order to chose a solution, the Affinity Diagram method was used
and from then on the designing and prototyping started. Finally, usability testing
and the prototype evaluation were methods explained. The final two steps of the
problem solving cycle, should be to implement the solution and review the results,
they were however not a part of this research [29]. The problem solving cycle can
be seen in Figure 4.1.

Figure 4.1: The five-step problem solving cycle that was followed.
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4.1 Define the Problem
During the project work, the steps of the problem solving cycle were constantly
being revised. The process went back and forth, when working towards a solution
and to justify the choices that were made. Initial steps were to fill in the blanks
by gaining a greater understanding of the nature of the problem. The first step
in this process was to research the theory and background behind the content of
the web-based training tool. Sources on the four sections discussed in Chapter 2
were crucial in order to understand the topic and helped narrow down the issue
at hand. The literature study was carried out by reviewing both unpublished and
published articles while gathering key findings and quotations. In addition to the
background research, the field of eLearning in health care needed to be studied as
well as how to optimize the user experience. The product idea was then defined
through open discussion between the authors and supervisors at Neoventa. Next
step was to search for similar product on the market. The research provided vital
information regarding the desired characteristics of the training tool and identified
design ideas. It provided a deeper understanding of what the user requires and how
the tool could be tailored to the intended user. This part of the research was also
included to understand the market of eLearning tools, get inspiration and creative
new ideas for the product. The process of defining and researching a product is
closely connected due to the fact that is essential to know the context in which a
product exists before defining it [30]. The final step of the problem definition was to
carry out interviews with possible users. In addition to user interviews, the authors
attended a two day event held by Neoventa, called CTG Master Class henceforth
referred to as master class. Additional user interviews were carried out during the
event. The information and knowledge gained during the event gave an even better
understanding of the problem. The interviews and the master class will be discussed
further in the following section.

4.1.1 Interviews
The most common method of data collection in health care research is to conduct
interviews [31]. Thus, for this research, interviews were used as a qualitative re-
search strategy. Also, interviews were the most appropriate alternative due to the
fact that little was already know about the topic of hte thesis work. This target
group of the interviewees would be the primary users of this training tool since it
is intended for personnel working in the labour ward. It is worth noting that the
interviewee’s identity will be kept confidential throughout the thesis. The aim was
to use the feedback from the interviewees to build a foundation of knowledge about
to the users, their background education and re-education, as well as the status of
continuous education at their workplace and current education status at midwifery
science program. Before conducting the interviews and looking into what informa-
tion was aimed to retrieve, a set of interview goals were identified. The goals were,
first and foremost, to identify if there was an interest for a tool like this and observe
if midwifery students, midwifes and obstetricians were willing to use it. Secondly, to
get ideas from possible users and to get their opinion on what type of information
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they want to include in the tool. Additionally, the aim was to look at where they
would use it, in combination with preferred type of electronic device they would like
to use the exercises. The last goal was to discover their profession and background.
The purpose of the last goal was to observe what type of continuous education they
get at their workplace, and to get to know their experience from their studies. The
interviews were all semi-structured where they combined features of structured and
unstructured interviews. Both closed-ended and open-ended questions were used
and they can be seen below. The semi-structured interviews consisted of several
key questions that allowed both the interviewers and the interviewees to diverge in
order to pursue an idea or response in more detail. This type of method is popular
in health care setting whereas it can provide guidance on what to talk about without
being too restricted. The method is also helpful regarding elaboration of important
information to the topic at hand that may not have occurred to the interviewers [31].

Questions asked during the master class:

1. How is the training today at your workplace and is there anything you would
like to add or change regarding this training?

2. How often do you have organized re-education sessions where you work?
3. Can you think of anything that would make the re-training at your workplace

more interesting and exciting?
4. Have you used Neoventa Academy?

(a) If Yes: How did you like it? How often do you use it? Is there some
aspects that you like or dislike about it?

(b) If No: It is a web-based education system with case studies, and interac-
tive educational program with certification.

5. If you were to use an application like we propose, where do you like to perform
these exercises? Would you want to use a computer, tablet, smart phone or
all?

Questions asked during interviews through the internet with midwifery
students:

1. How was your experience of the midwifery education regarding CTG interpre-
tation and topics related to that subject? For example, the lectures, what was
the main focus etc.

2. Can you give ideas on ways to improve the way of teaching?
3. If a training tool such as this one would exist, would you make time to use it?
4. If you were to use a tool such as this one, where would you use it?
5. If you were to use a tool such as this one, on what type of device would you

use it? Desktop computer, tablet, smart phone or all?
6. Finally, if there is anything you would like to add or if you have any ideas for

a tool such as this one, feel free to share them.

21



4. Methods

Questions asked during interviews through the internet with midwifes
and professors at the University of Iceland:

1. How does the staff at the labour ward in Iceland maintain their knowledge on
interpreting CTG traces?

2. How is the implementation of the new CTG system going, and have you
stopped reading CTG traces on paper?

3. How is the training for the new system going?
4. Can the staff at the labour ward access reading material and cases studies

electronically to recall at their own pace?
5. Will the staff receive a certification of participation if they take part in lectures,

training days etc.?
6. Is there more emphasis placed pattern recognition or fetal physiology?
7. Do you think midwifes and students could benefit from an exercise system

such as the STAN Trainer?

A total of twenty five people were interviewed through eighteen interviews. There
were more people contacted for the purpose of being possible interviewees, however
not all replied or wanted to be interviewed. For this work there were twenty five
interviewees available. The aim was to get a comprehensive group of interviewees
from different countries to explore their views, experiences, needs and beliefs on the
topic of CTG and ST Analysis. Five interviews were conducted through the internet
while nineteen were conducted face to face during the master class and one was a
scheduled interview. The interviews conducted through the internet were all through
asynchronous communication, in other words through email or instant messaging.
The reason for performing interviews through the internet was due to geographical
distance [32]. These five interviewees were Icelandic midwifes, midwifery students
and professors in the midwifery science program in Iceland. The face to face inter-
views conducted during the master class were performed during 10 to 15 minutes
breaks which resulted in a tight time limit for each interview. The interviews were
both conducted through individual and group discussion. Before conducting the
interviews, a basic script with a short introduction and the questions, adapted by
supervisors, were developed for guidance and in order to cover the same topic with
each interview. After each interview was conducted the answers were written down
as notes and later transferred to a computer. These nineteen interviewees were from
Sweden, Finland, Norway, Denmark and Ukraine. The scheduled interview was with
a professor at the department of Biomedical Engineering at Chalmers University of
Technology. The purpose of this interview was to get an insight into the method of
active learning. From attending the master class and conducting the interviews, a
basic understanding of needs and requirements was gained which is a vital part of
any web-based design.

4.2 Analyze & Brainstorm Solutions
After conducting the interviews, the next thing to consider was how to analyze the
interview data. The focus was to analyze the results to gain an overall impression
from the feedback, use it to identify patterns and generate ideas for a solution. The
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interviews contained mostly qualitative data where the data was represented by
themes, patterns and stories. One of the advantages of using this method, was that
it allowed the interviewers to understand the different experiences of the potential
users. Also, this was an opportunity for the interviewees to share their experiences in
their own words. As was mentioned in Chapter 4.1.1, the interviewee’s answers, from
the master class, were all written down as unstructured notes. The answers from
the online interviews were more structured but needed to be categorized. The initial
step in the analysis was, therefore, to organize the data, structure and transcribe
into understandable texts. The texts were then summarized with guidance from the
interview questions, that contained the key points that emerged from the interviews.
This created a framework that allowed for labeling the data. When summarizing
the data, recurrent themes were identified right away which gave a fundamental
understanding of the training tool [32]. It is worth mentioning that the themes were
not influenced by the authors views. However, the questions might have influenced
the interviewee’s answers, but that is highly doubtful. The themes and patterns
noticed through the summaries were later used as an aid in decision making related
to the design process and were incorporated into the Result and Discussion, see
Chapters 5 and 6. Summaries from the interviews are available in the Appendix
A. The qualitative analysis produced results that answered questions regarding the
user and its goals. The results helped in defining user characteristics that were
not clearly available through the market research. These characteristics were then
used to build two personas that were used throughout the design process from initial
brainstorming sessions to the prototyping. The persona, initial and repetitive design
steps will be discussed further in the following two sections.

4.2.1 User Personas

In order to bring user profiles to life, they are often transformed into several user
personas. Personas are a vivid description of a typical user that will use the product
under development [32]. The interviews were used to create two user personas for
this thesis. One is focused for midwifes in re-training and another is focused on
midwifery students training for their future work at the labour ward. Creating the
personas was an important step in order to understand the mindset of the potential
users. The personas help to focus product decisions by adding a layer of realistic
consideration when crucial and decisive decisions were made. However, the two
personas were not a representation of all the possible users but focused more on the
major needs of the most important user groups [30]. Personas do not describe real
people and usually one persona represent a typical user based on data collected in
interviews [32]. Each persona has been characterized with a set of goals related to
the training tool. As well as goals, the personas included a name, photo, description
of job responsibilities and included illustrative information about the persona such
as the user’s skills and personal details. A template for the personas can be seen
in Figure 4.2 and the two personas that were created can be found in Appendix B.
To create the personas, a platform called https://realtimeboard.com was used. It is
an online canvas and whiteboard platform that allows for ideation, to visualize, and
share ideas.
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Figure 4.2: A template for a rich description of a persona.

4.2.2 Mind Mapping

The initial steps in the design process consisted of brainstorming sessions. Mind
maps were made in order to come up with ideas for the product. The product ideas
iterated throughout different phases in the process. With each iteration, new rela-
tionships between concepts were discovered [30]. In total of three iterations were
accomplished for the mind mapping method. The method is a multicoloured and
image-centered diagram that allows for using imagination in order to explore asso-
ciations between concepts. It represents visualization of ideas where spontaneous
thinking is required. A central topic is established that has sub-topic branches.
The advantages of mind mapping are its unconstrained structure and it promotes
creative thinking, and encourages brainstorming [33, 34].

During the brainstorming sessions, the aimed was to gather as many ideas as possi-
ble from both authors to store in one place. The focus was on quantity, not quality.
The ideas were focused on the function of the web-page, the content, and type of
exercises for the training tool with the STAN Trainer as the central idea. Also,
prototyping platforms were brainstormed and in what form the training tool could
be, for example, an application, a web-site and so forth. The authors worked sep-
arately on collecting ideas in the beginning of the session in order to generate as
diverse ideas as possible from different perspectives. When the ideation phase was
done, the authors gathered their ideas and had an open discussion. Next, images
and handwritten ideas were attached to a poster for visualization, forming a colorful
and image rich mind map useful for getting started [35]. Figure 4.3 shows the result
from the first session.
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Figure 4.3: Results from the first mind mapping session.

Next session focused on putting all ideas in order and forming them into a more
organized mind map. A method of attaching images and ideas on a poster was also
used for this session. The mapping was helpful in a way to visually illustrate the
relationship between the concepts and ideas in a more structured way. The concepts
were linked together with arrows to show the flow of the web-page function. The
main topic of the map was the home page and the branches spreading from it were
the ideas broken down into specific topics. Figure 4.4 shows the result from the
second session.

Figure 4.4: Poster for visualization of concepts and ideas.

The third iteration was to convert the mind map to a digital version of a flowchart.
Now, the map was implemented as a hierarchy where the smaller set of key concepts
and propositions were made more prominent. This was done to acquire a more
organized and detailed structure. Figure 4.5 show the result from the third session.
It could be said that this iteration looked more like a concept map but a concept map
is a top-down diagram showing the relationships between concepts in a structured
and organized way [34]. Mock-ups and initial stages of the prototyping were created
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at this stage as a parallel process. It is safe to say, at this stage of the process, that
the idea had reached a low-fidelity prototype.

Figure 4.5: Flowchart of the mind map for the training tool.

4.3 Choose & Design a Solution
Large amount of data had been collected from the literature study, data gather-
ing, and brainstorming sessions. For choosing a solution and getting a better grasp
of the whole idea, an affinity diagram was used. This method is widely used as
a generalized brainstorming technique or "idea-generating" methodology to gather
qualitative data [36]. Affinity diagrams are usually made out of large set of ideas
to group together similar and related ideas. It was an effective technique after the
brainstorming sessions in order to organize all the ideas. The diagram process orga-
nizes ideas in several steps. First step is to document ideas on cards or notes with
a marking pen. The notes are randomly spread on a large work surface so all notes
are visible to everyone involved. Next step is to look for a relation among all the
ideas in some way. This step is repeated until all notes are grouped. The last step
is to discuss the shape of the chart that has been created. A heading for each group
is selected and evaluation of the result from the affinity diagram take place [37].

A session was held where the previously mentioned steps were followed. Post-it
notes were used to map out the user needs, the main functions of the web-page and
other factors related to the design. This method helped with understanding and
choosing the final functions that later resulted in the final version of the design.
It assisted in completing the concept of the training tool from earlier research pro-
cesses and provided an important visual representation. The final affinity diagram
is illustrated in Figure 4.6. At this point, a clear understanding of the personas,
the training tool and the whole concept was established. Therefore, the next step
was to start designing the guidelines and the prototype. The guidelines were gener-
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ated through iterative ideation sessions. No specific method was used but more of
brainstorming and using whiteboards to collect ideas and later narrowing down to
the final guidelines. An important thing to note here is that the design is not just
how it looks but how it works. A good product functionality usually starts with an
understanding of the potential users [30].

Figure 4.6: The final version of the affinity diagram.

In order to demonstrate an idea of the guidelines, a high-fidelity prototype was cre-
ated. Prototypes can generally answer questions and support designers in selecting
between alternatives. The purpose of creating a prototype was to test out technical
feasibility’s of the idea, to perform testing and evaluation. The advantage of building
this prototype is that it demonstrates almost complete functionality and interactiv-
ity of the training tool. It was user-driven and can illustrate the look and feel of
the final product. The prototype was therefore able to clarify how users interact
with the web-page [32]. For designing the prototype, an online prototyping platform
was used. It is a cloud-based development platform, called Wix and the web-pages
address is wix.com. It provides a web-page building platform for anyone to create
their web-page where it offers users drag and drop options. It keeps the technical
coding process behind the scenes so people without programming experience can
also create a web-page. The platform has HTML5 capabilities, over 500 templates
to chose from, built in apps, for free. Figure 4.7 illustrates the work space of the Wix
platform. The reason for choosing this platform was mainly due to the reason that
it offers the possibility to design reactive web-page for desktop computer, a laptop
computer and smart phones. In that case, it adapts to all views. This prototype
allowed users to test the product and give feedback regarding the feel, function and
the experience with it. A small set of usability feedback was collected during the
last phase of the thesis work and will be discussed further in the following section.
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Figure 4.7: A screen shot of the work space from the Wix platform.

4.3.1 Usability Testing
Usability testing was included in this project in order to answer the question "Can
people use this design?". This type of test provides insight into how users inter-
act with the web-page to notice if it is usable or not. The importance of usability
testing considers the fact that if a web-page is difficult to use, people will not use
it. Issues regarding the web-page are not always noticed by the designers and can
then be recognized through this type of testing. It is not always possible to go on
sight to perform an observational usability testing. In addition, usability testing
done in person does not always have to be more useful than other methods. There-
fore, a method of remote usability testing was performed. Remote usability testing
uses online software to test the user behaviour. The user works with the web-page
from a different physical location than the facilitator, for example in another coun-
try. Communication can be managed through telephone or online communication
throughout the test seeing that feedback and verbal feedback is important to under-
stand problems regarding the usability [38]. The advantages of using this method
compared to other usability testing methods is that it provides access to a larger
group of potential testers, cuts travel time, and can substantially reduce the cost
related to usability testing. The testing for this project was done through online
instant messaging and an application called Facetime that allows for telephone com-
munication. The users were asked a series of questions regarding the overall design,
usability, navigation, and user flow of the web-page. The questions can be seen
below. The users tested the prototype while either verbally expressing comments
or writing them down comments along with observations they encountered while
performing the exercises and browsing through the web-page on a computer or a
smart phone. The feedback was gathered and incorporated into the prototype and
will be discussed in the Discussion, see Chapter 6.
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Questions asked regarding usability testing:

1. What do you think of the over all design and look of the prototype?
2. How easy was it to find the exercises? Did you need more navigation to find

them?
3. What did you think of the flow of the training tool?
4. Did you use a computer, smart phone and/or tablet?
5. Do you have any other comments about the prototype?
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Results

The result of this thesis is divided into three sections, non-functional and functional
requirements, and a high-fidelity prototype of the STAN Trainer. The non-functional
requirements provide navigation and design guidelines that address the user expe-
rience. In addition, two user personas are discussed and how they influenced the
design process. The functional requirements address ideas on how the STAN Trainer
can be implemented and developed. The results were inspired by the literature find-
ings, the market research, results from the interviews, guidelines from the internet
and the authors own suggestions. The high-fidelity prototype presents an idea how
the authors have visualized how the STAN Trainer can look and function. With both
the functional and the non-functional requirements, the authors want to inspire de-
velopers to implement an engaging, efficient, simple, and an appealing training tool
to get the users interested to learn and incorporate the tool in their everyday profes-
sional continuous education. Current tools do not address the exact same topic as
the STAN Trainer. Therefore, the objective is to provide recommendations on how
the training tool can offer the most optimal user experience and training possible.
The aim is also to provide new and effective exercises that guarantee that the users
will never forget what they just learned.

5.1 Non-Functional Requirements
When it came to designing the STAN Trainer, it was important to focus the atten-
tion on optimizing the usability and the user experience. While the look and feel
of the training tool was important, the users are not aiming to evaluate the nice
design but instead to improve their skills and perform exercises. The users have a
limited amount of time to spare on something else than their studies or professional
responsibilities. Therefore, it was crucial to focus on having the design simple and
efficient. What was also important when it came to designing a training tool such as
this one, was visual hierarchy. The way that the web-page is structured is important
for simplicity as well as navigability. The users are of all ages and have a wide range
of experience, some are students and other have several years of experience working
in the delivery ward. Thus, it was essential to focus on having the web-page tailored
and easy navigable for these users. Some users are not used to using technology and
therefore they should be able to move around the web-page easily as possible. The
feedback from the interviews were used for the design as well as guidelines found on
the internet [39, 40, 41].
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The simplicity of the STAN Trainer came from not using too many colors. Also,
by not using unnecessary graphics that could be distracting, or other elements that
served no purpose. The color pallet and typography of the web-page should be
according to Graphical Guidelines of Neoventa. This was utilized to maintain con-
sistency and the visual identity of the company. When designing the navigation for
the training tool, the most important elements should appear first when the web-
page is opened. The home page should be structure in a way so that the training
tool could be accessed from the left side. This is because users scan web-pages
from left to right. Also, buttons or actions that direct the user towards an action
should be in a dark color to draw their attention. According to the user interviews,
the users want to have the training tool available for desktop or laptop computers,
tablets and smart phones. Therefore, the training tool will be available as a reactive
web-page so that it supports all these electronic devices. Also, it eliminates the
need to download an application or a software program which can act as a negative
user experience. In addition, results from StatCounter Global Stats found that mo-
bile and tablet devices accounted for 51.3% of internet usage worldwide in October
2016 compared to 48.7% by desktop or laptop computers. These results support
the reason why the the web-page should be available for all three types of electronic
devices, desktop or laptop computers, tablets and smart phones [42].

A user flow diagram was created to make the design process more effective and effi-
cient. This process aimed to have the user flow with as little complexity as possible.
It allowed for better understanding of the design process and was valuable when
trying to understand how the user would interact with the training tool. The user
flow diagram was made up of three components, squares, diamonds and arrows.
Squares represent different screens, such as the home page or the exercises pages.
Diamonds represent different decisions, such as tapping a button or scrolling up and
down, and arrows are used to link screens and decisions together. When the user
enters the web-page, the home page would be the first thing that the users should
see. From the home page there are a number of actions that the user can perform,
such as start the training or look through other resources. When the button for
starting the training is pressed, the user is directed to the exercises page and can
choose between either CTG exercises or ST Analysis exercises. After the user has
chosen an exercise, a button is pressed to start the exercise. A back button is al-
ways present, in case the user has started the training and wants to go back to the
previous page. A home button is also always present that brings the user to the
home page. The user flow diagram can bee seen in Figure 5.1 and was used in the
design of the STAN Trainer prototype.

During the design process, two user personas were used to keep the perspective of
the intended user. The two personas created were a midwife and a midwifery stu-
dent. They gave a good overview of the different needs and behavior of the two
groups that the personas represented. The interviews with midwifes were focused
on analyzing their motivation and needs. The midwifes were interested in abnormal
cases that they do not come across everyday in the labour ward. The reason why
they want abnormal cases is to be well prepared for when they occur. They were
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Figure 5.1: User flow diagram for the exercises.

keen on trying new ways of retraining and willing to learn if the training tool was
simple and straight forward. However, they were not as comfortable with technol-
ogy as the the students. Based on the interviews with the midwifery student, the
students were eager to try new ways of training and wanted to be better prepared
for the labour ward. They mentioned that during lectures, it would be beneficial
to implement more interactive exercises. Sometimes, it can be hard to stay focused
when the teacher speaks and explains for several hours at a time. Additionally,
research has even showed that the average attention span of a medical student is 15
to 20 minutes at the beginning of class [43].

According to the interviews, the midwifery students would use the STAN Trainer
either at work, alone or with colleagues on a desktop or laptop computer, at home
using their tablet or smart phone. They would look through it in their free time or
during shifts when there is spare time. A crucial condition that needed to be met
was that the training tool had to be user friendly. The personas, interviews and
market research were of great help when trying to meet that condition and were
used extensively in the design of the STAN Trainer. The personas that were created
can be seen in Appendix B.

5.2 Functional Requirements
The functional requirements address guidelines for how the STAN Trainer can be
implemented and developed. The guidelines encourage active learning in the form
of applied interactive exercises and discussions with peers and colleagues, both for
continuous education and for the midwifery science program. This way of learning
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encourages users engagement and encourages them to explore attitudes and value
while motivating them to enhance their skills and knowledge. The authors believe
that with these active learning strategies, the STAN Trainer can engage users in
critical thinking, encourage collaboration and discussion when interpreting cases.
According to an interview with a professor from Chalmers University, students be-
come more active with implementation of active learning and they improve their
learning. Thus, the guidelines have been developed with that in mind. The func-
tional requirements contain exercise guidelines and recommendations for the training
tool. The topic will be discussed in more details in the section below.

5.2.1 Exercise Guidelines & Recommendations

The STAN Trainer will contain exercises, cases, quizzes and questions. The exercise
pages should be categorized into two parts, CTG related exercises and ST Analysis
related exercises. These exercises will contain different cases. The cases should also
be categorized in two parts, predefined cases and random cases. The predefined cases
should be categorized into different topics of interest where the users can enhance
their skills related to a specific event. If the users prefer to test their knowledge,
they have the option to select a random case where the topic of interest is not known
in advance. Thus, the users do not have knowledge of the outcome of the case prior
to performing the quiz. Each case is diverse, therefore, there should be different
questions for each case. In addition, the main focus of the questions would not rest
on only pattern recognition but also focus on fetal physiology. Each case should be
arranged in a layout with three sections. The first section is a scrollable recording
and the second section is the summary/clinical background. These two sections
should always be present throughout the quiz. The third section and the only part
that will change are the questions. The questions should be of three different types,
multiple choice questions, match correct statements, and fill in multiple blanks of a
text related to the case. These type of question were chosen so that future launch
of the product will be easy to implement. Templates for the cases and the exercises
can be seen in Figures 5.2 and 5.3.

The reason for setup of the templates is according to interviews, usability testing,
discussion with supervisors and through market research. According to interviews,
it is important to have the summary/clinical background visible throughout the as-
sessment of the case. The recording of the CTG and ST Analysis cases should be
scrollable so that the user can view the whole trace. Also, the user should be able to
scroll through the recording at its own pace. According to the master class a CTG
trace should not be segmented, instead the whole recording needs to be visible. The
trace should be viewed as a story and valuable parts can be overseen if presented in
segments. Nothing should block the recording at any time during the exercise. The
users should be able to go back and forth between questions at their own pace. One
question should be present at a time, in that case, the user does not have to scroll up
and down to view the questions together with the graph. From usability testing, the
importance of feedback was realized. There should be feedback after each question
so the users know if they answered the question correct or not. Also, an explanation
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Figure 5.2: Template for the setup of the exercise page and different types of
cases.

Figure 5.3: Template for the setup of each case with three sections.
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to the correct answer should appear, before the users are presented with the next
question and they should be able to control when they want to proceed to the next
question. The exercises can be performed individually, in a group of colleagues or
with fellow students. Ideas for the layout, type of questions and interaction exercises
for the STAN Trainer have been summarized and are the following:

In order to clarify what was listed above, the questions should be categorized into
two parts: CTG related questions and ST Analysis related questions. The ques-
tions should address the listed topics with regard to give the user a comprehensive
approach to interpret the recordings in the desired way. The questions should be
composed by an expert in labour and delivery care along with extensive knowledge
of ST Analysis. Each case should start with 4 to 8 multiple choice questions. The
reason why there is not a fixed number to the amount of questions is because every
case is different and differs in length and complexity. An example of a question could
be to refer to a specific time or event in the recording and ask what action to take,
call a physician, continue or take action. More questions can be viewed in the Ap-
pendix D. After the multiple choice questions, an interactive question should appear
next where the user has to match statements related to the type of case. These type
of questions do not have to be present in every case, but is recommended in order
to invite diversity. This can optimize the user experience and can be fruitful for the
users to get them engaged in the exercises. The quiz should end with a question
where the users are presented with a short text and have to fill in the blanks where
there are some key statements missing. Next to the text there are several words
that could possibly fit the text and the users need to figure out which word would
fit correctly. The user has to drag and drop those words in to the correct place in
the text. In total, one quiz should contain between 6 to 10 interactive questions.
Below, in Figures 5.4, 5.5 and 5.6, are examples of how a case can look.
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Figure 5.4: Setup of the cases in desktop view for the multiple choice questions.

Figure 5.5: Setup of the cases in desktop view for the text question.

37



5. Results

Figure 5.6: Setup of the cases in desktop view for the matching question.

Additionally, the mobile view will be different from the desktop or laptop view. The
users will have to scroll up and down through the case to see the question and the
graph. This is necessary as a result of the smaller screen size of the smartphone.
Another important function that would be appreciated to include, according to the
usability testing, is to enlarge portions of the recordings. This effect would have
to be available for both desktop or laptop view and mobile view. For the desktop
or laptop view the recording could be enlarged if the mouse pointer would hover
over the desired parts of the trace. To get the original size of the recording the
mouse pointer would be redirected away from the recording and it’s original size
would be restored. This function would only affect the view of the recording not
the summary/clinical background or the questions. However, to enlarge a portion of
the recording for the mobile view the user needs to double tap the desired portion
or zoom with two fingers going in the opposite direction. To get the original size of
the recording, the user needs to double tap the recording again or drag the fingers
in towards each other.
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5.3 High-Fidelity Prototype
A high-fidelity prototype of an interactive STAN Trainer was implemented where it’s
suitability can be explored. The web-pages address or URL is www.berglindf22.wixsite.com/stantrainer.
The prototype was created in a platform called Wix that generates reactive web
pages functioning in desktop or laptop computers, and smart phones. Even though
it reacts to these two types of devices, it functions well on tablets as well. It can
operate on both Android and iOS devices seeing that this is a reactive web page.
In order to produce these results, it was crucial to understand the requirements for
this type of training tool. The interviews and the master class were of great help
regarding that. The prototype aims to help future developers to further iterate the
design and eventually create a fully functional STAN Trainer training tool for the
midwifery science program, and for re-education in the labour ward. The prototype
was divided into five parts: the home page, called Home, the exercises, called Start
Training, Other Resources, About, and Contact Us. It has been noted, in several
places of the web-page, that this is a prototype made by two students, and that
this is not a fully functioning training tool presented by Neoventa. Figures for the
mobile view are illustrated in Appendix C. The ST Analysis exercises have almost
an identical setup and look as the CTG exercises, therefore, they can also be viewed
in the Appendix C.1

Figure 5.7: A screen capture of the home page.

5.3.1 Home Page
When the user enters the web-page, the aim was to provide an easy interface that
minimizes distractions. In addition, the aim was to have a clear purpose of the web-
page. This is above-the-fold content, that is the part first visible when the users
enter the page. The left side is a combination of a headline, the sub-headline, and
the primary call-to-action. The headline purpose is to answer the question "What
is this?", and the sub-headline helps the user realize "How can this help me?" which
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includes a short text that provides clarity about the purpose of the web-page. The
primary call-to-action is the button that says "Start Training". It guides the user
to what step to take next, working as a direction indicator. The "Start Training"
button was in dark color to draw the users attention. At the top right part of the
home page is the navigation bar where the user can choose the option to go back to
the home page. The exercises option is the same as the call-to-action button "Start
Training". The purpose of that option is so that the user can change exercises with-
out going back to the home page. The result is therefore a clear, simple and clean
home page that can be seen in Figure 5.7.

To meet the users wishes, according to results from the user interviews, other re-
sources were included in the training tool. However, since that was not the main
focus of the STAN Trainer it was decided to address that function with the option
of other resources. With this option, the users can easily access a broad range of
resources to get more thorough knowledge and in-depth understanding on the topic
of CTG and ST Analysis. Three different resources were inserted below-the-fold, see
Figure 5.8. To access these resources the user has to scroll down to see the content
or click a button on the navigation bar in the top right corner on the home page.
The resources are previously discussed topics, stancases.com and elearning with cer-
tification, as well as reading material offered by Neoventa. The button works as
an anchor which is an invisible position marker. By clicking the button the user is
directed to the section of the home page where the resources can be found. This
feature was included to improve navigation and to enhance user experience.

Figure 5.8: A screen capture of other resources.

5.3.2 Exercises
The exercises for the prototype were designed to be simple and easy to perform.
In order to start the exercises, the user has to click the "Start Training" button or
choose the "Exercises" option in the navigation bar on the top of the web-page. The
exercise page presents the user with two choices, either CTG cases or ST Analysis
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cases. The two choices are an online library of cases related to the previously men-
tioned subjects with an emphasis on the fetal response and pattern recognition, see
Figure 5.9.

Figure 5.9: Two categories of exercises the user can choose from.

One quiz is present for each topic, with only multiple choice questions. As can be
seen in Figure 5.10, a message explains that this is only a prototype. The quiz
was designed with a built-in app provided by Wix. Therefore, the authors were not
left with much space for designing the quiz itself. However, it was easy and quick
to create which allowed the authors to perform usability testing and get valuable
comments on the design. The questions were composed by one of the supervisors of
this Master’s thesis, a STAN-specialist midwife.

Figure 5.10: A screen capture of the CTG exercise.
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When the user has chosen a case, the learning objectives are the first thing that
are presented. Including a learning objective at the beginning of each exercise is
important to focus the user’s attention on what he or she should know and learned
by the end of the exercise. They should be realistic and achievable. Immediately
after the learning objective, there are instructions and explanations regarding the
quiz. To start the quiz, the user then needs to scroll down. References related to
the questions are situated below the quiz, see Figure 5.11.

Figure 5.11: The setup of the CTG exercise, extended view.

In that way, the user can see the whole image and interpret the recording. To
have the question visible again, the user has to press the eye symbol again. Figures
5.12(a) and 5.12(b) demonstrate the format of the questions, first with the ques-
tion visible and then with the background image visible. Results from the usability
testing showed that it was confusing for the user to press the eye symbol in order
to see the image. Therefore, the exercise guidelines have mentioned that the graph
should always be present and nothing should block it at any time during the exercise.
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(a) Question from the CTG exercise. (b) Question from the CTG exercise where the
background image is visible.

Figure 5.12: The layout of the build-in quiz from the Wix platform.

Feedback is a crucial part of effective learning. Providing the users with feedback
can help them understand the subject better and give them a clear guidance on
how they can improve their knowledge and skills. The CTG exercises were designed
with feedback while the ST Analysis exercises did not have any feedback. Through
the usability testing, it was concluded that feedback regarding correct or incorrect
answer was essential after each question instead of only in the end of the exercise.
In addition, it was also concluded that is is important to include feedback between
each question. Therefore, for visual feedback, a green check-mark or a large red X
is displayed for two seconds, depending if the user answered the question correct
or not. Following is a short explanation about the correct answer and the user can
then control when the next question appears, see Figure 5.14. The usability testing
also showed that it would be more effective if the user had more control to when
the next question appears and how long the correct answer is displayed. Thus, the
correct answer should appear for more than two seconds. A progress bar is displayed
at the top of the quiz where the user can see how much is finished and left of the
quiz. The questions are randomized each time a user plays the quiz. Figures 5.13(a)
and 5.13(b) present the display of the visual feedback.

(a) Correct answer to a question from the CT ex-
ercise.

(b) Wrong answer to a question from the CT ex-
ercise.

Figure 5.13: Visual feedback after the questions have been answered.
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Figure 5.14: An explanation to a question from the CTG exercise.

5.3.3 Other Functions

To inform the users on the STAN Trainer, its function and history, they can read
a short summary in "About". The users can also approach the company’s contact
information under "Contact Us". If they have any questions or recommendations re-
garding the function, design etc. they are encouraged to contact the company. The
two functions are displayed in Figures 5.15 and 5.16. Final function to be explained
is, if the Neoventa logo is clicked, the user will be redirected to the home page.

Figure 5.15: About page for the prototype.
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Figure 5.16: Contact us page for the prototype.
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6
Discussion

One of the objectives of this thesis was to investigate and analyze the need for a
training tool such as the STAN Trainer. Initial research, interviews with poten-
tial users, and the attendance during the master class were of great help and gave
the authors valuable understanding of the problem, knowledge, ideas and feedback.
During a step wise approach to the solution it was relatively early in the process
where the authors understood that the main problem was to interpret CTG patterns.
The problem is identifying specific hypoxia-related patterns and, consequently, large
amounts of deliveries result in unnecessary interventions in an attempt to prevent
intrapartum hypoxia. Additionally, investigation initiated by the Swedish Board of
Health and Welfare, showed that adverse outcomes of cases were related to misin-
terpretations of the CTG traces. These outcomes were caused by staff not reacting
to abnormal CTG patterns and/or incorrect use of the STAN Method due to lack of
proper training [15]. In the coming future, focus will be on intensive training on fetal
physiology and mandatory competency testing in order for the labour ward staff to
be able to interpret and use the STAN Method in a correct way. Edwin Chandraha-
ran, the lead consultant for the Labour Ward and an Honorary Senior Lecturer at St.
George’s University Hospital in London, also the lecturer during the master class,
confirms that training on fetal physiology has contributed to the lowest emergency
cesarean section rate at St. George’s. This can be concluded in the fact that there
is a great need and interest for a training tool such as the STAN Trainer, for both
labour ward staff as well as students planing to work in the labour ward. The pur-
pose of the tool should be to provide well prepared midwifes and obstetricians right
after they finish their studies, also to have well trained personnel in the labour ward.

6.1 Interviews
During the interviews conducted in the master class, the status of continuous ed-
ucation was investigated. The personnel were presented with questions regarding
continuous education in fetal monitoring. There are both pros and cons with the
method used during these interviews. Open ended question introduce discussion
between the interviewee and the interviewer that can bring out information the
interviewer had not thought of. They can also introduce discussion where the inter-
viewees go off topic and talk about something not related to the question asked. In
that case, the interviewers had to direct the conversation on the right path. This
resulted in a tight time limit for each interview. Interesting things were, however,

47



6. Discussion

noticed during the interviews. Firstly, only a few knew of Neoventa Academy and no
one was using a training tool such as the STAN Trainer on a regular basis. They are
working with fetal monitoring every day but may not be dealing with abnormal cases
regularly. Therefore, there is a possibility that the staff is not prepared well enough
to deal with those abnormal cases when they occur. Another interesting thing noted
during the master class was the difference in interest between interviewees regarding
the topic of interpreting CTG traces. Moreover, the difference in the reason why
they were there was diverse. Some of the interviewees came there in a group of two
to approximately ten, while others came alone. Two midwifes from Sweden came
because two weeks prior to the master class they had lost a baby during delivery and
they suspected that the reason was related to misinterpretation of the CTG trace.
A common thing noticed through all interviews was that the labour ward personnel
get re-training either once a year, every second year, or not at all. The staff hold
meetings either every week or every other week (depends on the hospital) where the
personnel review cases that happened during last shifts. This way they can review
abnormal cases together and discuss actions etc. Also, when the interviewees were
asked if ST Analysis was currently used at the hospital, all accept one said they
had stopped using ST Analysis. However, several interviewees mentioned that they
would want to get this technology back to the labour ward because, according to
them, it is one of the best method available today.

Interviews with the midwifery students and the professors from Iceland also gave
valuable insight into the importance of having a training tool easily available for
students. In Iceland, the midwifery science program lasts for two years. The stu-
dents attend a lecture in CTG interpretation twice in the first year for two hours
each time. In the second year, the students review what they did the year before
and together they view CTG traces. Through practical training, the students get
to train their CTG interpretation. However, as was mentioned above, they are not
presented with abnormal cases every day. Therefore, according to interviews, they
would like to have access to different cases to practice. The students do not get
access to many traces to review during their studies. Instead they get access to the
teachers slides who has added a fixed amount of traces, along with access to cases
through their practical training. An interesting thing noticed through the interviews
was that the tool could easily be used both as an individual as well in a group. If
used in a group, it could be used to create valuable discussion between colleagues.

A new system was recently installed in the labour ward in Iceland, less than a year
ago. It offers the personnel to view traces digitally but before that every recording
was printed on paper. The recordings are still being printed on paper, although it is
only for security reasons and will not be done for much longer. There is no training
tool available for the new system at the moment. This is relatively unsustainable
and uncommon, at least in Scandinavia.
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6.2 The STAN Trainer

The process of the STAN Trainer went through several iterations, as can be seen
looking at the mind maps in Chapter 4. From the very start it was known that the
STAN Trainer would not be classified as a medical device. It is not a software that
is directly used in medical practice and the users need to apply their own interpre-
tation to the diagnosis and treatment process.

The users choose exercises to perform that address different topics regarding CTG
and ST Analysis. The exercises are designed so that they enhance users skills and
knowledge. The design of the exercises is set up in a way so that the user can choose
a specific case or test their knowledge on a random case. This offers training exer-
cises for users at different competence level. This setup of design can be explained
in a way how engineers might develop systems. A system is developed and tested
on fixed data. To see if the system works, it is tested on random data. In this case,
the user acts as the model.

One thing discussed during the process was CTG guidelines. Countries and hospitals
use different guidelines regarding interpretation of CTG. For example, Neoventa has
one type of guidelines, Sweden uses different guidelines and Iceland uses the third
type of guidelines. With this in mind, the aim was to have the questions in the
STAN Trainer as general as possible. The goal was to find similarities between the
most common guidelines and have that in mind when composing the exercises and
questions for the STAN Trainer. Also, to emphasize more on fetal physiology inter-
pretation of traces.

When making the prototype, the authors realized that the Wix platform had some
limitations. Breadcrumbs was one of the desired function that Wix did not offer.
It is a navigation function that reveals the user’s location in the web-page. Using
breadcrumbs can allow users to reduce unnecessary clicks, help them understand
the layout of the web-page and helps to retrace the users steps from the home page
to the page they are currently viewing. According to the usability testing, the users
would go all the way to the home page when changing exercises. The authors believe
that with using this option, it can make the user experience and simplicity of the
trainer better. Other limitations that were realized through usability testing were
related to the quiz itself. The quiz was made through a recommended Wix app
and all functions were fixed, which gave no room for creativity or manual fixing.
Regarding the viewing of the image and the questions, it was not obvious to the
users that they had to press an eye symbol to view the whole image. Even though
there was a text explaining what the users should do, they had to get guidance how
to view the image. It was hard to press the eye symbol in the mobile view and the
text was relatively small. A good way to enlarge the text is to tilt the phone. In
that way the questions get bigger and the image as well. Additionally, the way of
presenting feedback was a limitation. The platform used to create the quiz only
allowed a fixed amount of characters for the questions, the answers, explanations
etc. Also, the feedback at the end of the quiz would have been designed with more
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detailed feedback on each question, if the platform had allowed that. A process
line is present at the top of the quiz and is not easily detected by users. It should
be visible in order for the user to aware of how many questions are left. Finally,
according to the usability testing, other resources should be better explained. A
simple text at the top explaining its purpose can do the trick. Over all, the testers
mostly commented on the function of the quiz. Therefore, the authors conclude that
the prototype was easy, simple and user friendly.

6.3 Other Functions
The trainer could have been designed in many different ways. There are, however,
always pros and cons with every design. At first, the authors thought of including
a log-in feature. In that way, the users could track their process and benefit from
other features that the log-in feature has to offer. Also, by collecting data and
statistics from the quizzes, the administrators can analyze the data and use the
results for improvements. Despite these benefits, things always become much more
complicated as soon as the user is asked to put in personal information. The General
Data Protection Regulation (GDPR) comes into effect the 25th of May 2018, and
will have a extensive impact on web-page design. There should be a clear reason
why the web-page and its supervisors need personal information from the users. A
fraction of the things that need to be taken into account regarding web development
are the following:

1. It needs to be transparent what the user information will be used for when
administration receives it, and how long it will be retained on the web-page
as well as by the office system.

2. With more users, the data needs to be stored somewhere. There needs to be a
good understanding and documentation records of the data that is being held.

3. There needs to be gained consent for the data and there needs to be a well
defined policy on how long the data will be retained in order to be sure that
it is not kept for too long.

4. Last but not least, correct legal arrangements for holding all that data need
to be in place, and not to mention the reason why this data is needed in the
first place.

The main purpose of the GDPR is to protect peoples information and data. To limit
its exposure to new rules and regulations it was decided not to collect this type of
data and exclude this feature. Mainly due to the reason that this information was
not needed for the training tool. This feature would only introduce complications
to the whole process of developing the training tool. The log-in feature was also
considered to be an obstacle for the users since they would have to go through the
process of putting in information and so on before starting the exercises. Another
feature that could have been a part of the design is to have the tool as an application.
It was also considered to be an obstacle for the users and their experience since they
would have to download it. One of the main goals with the STAN Trainer was that
the user should be able to go to the web-page and start right away. That is also
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one of the reasons why it will be available at no cost. Resources on this subject
were found through online research, especially from a blog called the Hallam blog
[44, 45].
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7
Conclusion

This final chapter presents the conclusions that can be drawn from this Master’s
thesis by returning to its aim and objective stated in the Section 1.1. The aim of
the current research was to investigate, analyze and propose a design for an interac-
tive web-based training tool, assessing CTG traces with and without ST Analysis,
focusing on fetal physiology. Due to an initially loosely defined project, a prob-
lem solving cycle approach was used to solve the issue at hand. After a thorough
market research, interviews with potential users, attending a two day master class,
and brainstorming sessions with supervisors, a solution was designed. The thesis re-
sulted in a high-fidelity prototype of the STAN Trainer. Also, a set of guidelines and
recommendations were also produced for further development of the training tool.
The guidelines included non-functional and functional requirements for the STAN
Trainer, that will eventually be implemented by developers into a fully functional
training tool.

In accordance with the results, there is a great need for a training tool such as this
one and it is important and ethical to share knowledge and skills regarding this
topic. The main reason is, after all, to bring healthy babies to this world. Much can
be learned by improving interpretation and understanding of how the fetus reacts
to the stress of labour. The risk of a child being injured during birth will be sig-
nificantly reduced through this learning process. Labour ward staff using the fetal
monitoring methods today face the challenge of information interpretation. Visual
analysis is needed in order to manage complex situations. With the help of a train-
ing tool like this one, it is possible to decrease unnecessary operative deliveries and
avoid other complications during birth.

7.1 Suggestions for Future Development
This product needs further development, and would be a fruitful area of future
work. If the training tool was to be developed further and later launched, the next
step would be to get user feedback from midwives, also to get an expert in labour
and delivery care with extensive knowledge of ST Analysis to compose questions
for the quizzes. Finally, the training tool should be developed and implemented the
proposed design of the STAN Trainer. Neoventa’s vision is that in the future their
material and knowledge will made accessible to all. The STAN Trainer should and
will be available at no cost.
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During the design process, some features were excluded from the guidelines, but
could be included in the future development. As discussed in Section 6.3, the STAN
Trainer could have been design with a log-in feature. By including a log-in feature,
the users have an option to trace their progress and monitor their activity. Thereby,
the user gets a more personal experience. Additionally, a multi-language option
could be added to the training tool. This would allow the users to train in their own
language and use terms they are comfortable with. Videos with interactive questions
could also be included. This would allow for a more learner centered teaching and
could generate more time for discussion between peers.

The suggested implementation for the STAN Trainer aims at being accessible, ef-
ficient, simple, and appealing for the intended users. The authors hope that with
the introduction of this training tool, the users can devote more time on training
and that it can add value and quality to the everyday work in the maternity ward.
Finally, the proposed training solution will, without a doubt, help labour ward per-
sonnel and midwifery students to assess and address challenging situations as well
as be helpful in preventing unforeseen neonatal injuries.
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A
Interviews

This appendix contains interview summaries with twenty five people through eigh-
teen interviews. These interviewees were from different countries and the aim was to
get a comprehensive group to explore their perspectives, experiences, and needs on
the topic of CTG and ST Analysis. There are four summaries. Firstly, an interview
summary from the interview with five Icelandic midwifes and midwifery students.
Secondly, a summary from the interview with midwifes and professors in the mid-
wifery science program in Iceland. Thirdly, interviews that were conducted during
the master class. Finally, a summary from the interview with a professor at the
department of Biomedical Engineering at Chalmers University of Technology

A.1 Summary from Interviews with Three Mid-
wifes and Midwifery Students from Iceland

Question: To begin with, we would like to know how was your experience of the
midwifery education regarding CTG interpretation and topics related to that sub-
ject? For example, the lectures, what was the main focus etc. Can you give ideas
on ways to improve the way of teaching?

Summary: The teaching is all in a traditional lecture form where the teacher holds
lectures and discussions, and provides the students with education material. Dur-
ing lectures they review basic topics regarding CTG interpretation, such as what is
normal and abnormal, accelerations, decelerations, what could be causing abnormal
cases etc. They look at CTG recordings that the teacher has provided and displays
on slides during lectures. The students only get access to these recordings and no
additional cases. During practical training, the students get additional training in
CTG interpretation. Two students out of three mentioned that they would have
wanted more time with the teacher for studying interpretation of CTG recordings.
They also mentioned that they would have wanted to have access to interactive
exercises along with attending lectures. According to all of them, they mentioned
that it can get tiring to sit and listen to the teacher talk for several hours and it
would make the teaching more fruitful to include interactive exercises. They men-
tion the importance of getting hands-on training in interpretation of CTG, both to
see at what level of knowledge they are and interactive training can be of help with
remembering and learning this topic. When asked for ideas on ways to improve the
way of teaching, they mentioned more discussion lectures where they work in groups
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while interpreting CTG recordings and they mention the importance of having back-
ground and clinical information included while performing CTG interpretation.

Question: If a training tool such as this one would exist, would you make time to
use it?

Summary: All three interviewees responded positively when asked if they would
be willing to use a training tool such as the STAN Trainer. They mention that it
would have been good to have it during their studies as well now when working in
the labour ward. They explain that while studying to become a midwife, they want
to be well prepared before they start working as midwifes. They want to be familiar
with the as many type of cases that they will be handling when they start working.
They also discuss the importance of continuous education and that it is important
to keep training. They are not dealing with abnormal and complicated cases daily,
therefore, this type of training tool would be a good addition to their practice. One
mentions that "it is very important to know how to react to an abnormal recording
when you have the mother in labour in front of you". Also mentioned is that this
tool is especially good for midwifes working in rural areas where obstetricians are
not as easily available.

Question: If you were to use a tool such as this one, where would you use it? If
you were to use a tool such as this one, in what type of device would you use it?
Desktop computer, tablet, smart phone or all?

Summary: They would use this tool during work hours, at home and/or during
school hours. If at work, they would use the tool in a desktop computer when there
is time. This would be a perfect time to use the STAN Trainer alone or in a dis-
cussion with colleagues. If at home, they would use the trainer after or before work
to review recordings similar to the ones they are dealing with at that time or to
enhance a case they are not perfectly comfortable with or not clear on. They would
want to be able to use a tablet or their smart phone when at home. At school they
would want to be able to use the trainer on a laptop, tablet or their smart phone.

Question: If there is anything you would like to add or if you have any ideas for a
tool such as this one, feel free to share them with us.

Summary: They mention that the mother’s summary and clinical history has to
follow each case for the exercises. That part is very important when it comes to
interpret the CTG recording. They would like to perform exercises which emphasize
different decelerations, which ones are harmless and not and when they become
harmful for the fetus. They would also want to have an educational section in
the trainer. They think it is important to recognize and know the fetal physiology
behind the abnormal cases. They would like to have case studies where they can
study the procedures used for each case and the outcome. The educational material
they would want to have in the trainer can be found in the reading material provided
by Neoventa as well as in other options in Neoventa Academy. Over all they are
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very excited about this idea and hope this trainer will be released in the coming
future so they can try it out and start training.

A.2 Summary from Interviews during the CTG
Master Class

We took interviews with twenty people from different countries, midwifes and doc-
tors, who were all attending master class for the first time, except for one midwife.
They get re-training in the form of lectures or they get reading material and have to
take a knowledge test, every year or every other year. If they get reading material,
they have to do read it in their own time. It is not common for the labour ward
staff to attend a event like master class due to lack of funding and time. Regarding
funding and time, two mentioned that it would benefit them greatly to be able to
get training through the internet because they live in a rural area, (good to mention
Iceland here as well). One out of twenty interviewers works at a hospital that has
ST Analysis. She explained that they have the opportunity to get retraining for the
method every 4 months but don‘t have to attend if they do not feel like they have to.
A doctor from the labour ward holds the retraining for ST Analysis. Some explain
that they used to have an organized retraining sessions in order to have everyone
speak the same „language“ and evaluate the CTG in the same way, but they do not
have that option anymore due to reasons (did not say). Most of them mentioned
that every shift, department,labour ward reviews CTG traces together either every
day or every week. One hospital has a box where anyone can leave a note to request
if they want to review a specific case from the week before.

One midwife explained that usually when a newly graduated midwife starts working
in the labour ward she does not have as much experience as the „older“ midwifes so
they get mentored by them. The midwifery students need to meet a certain amount
of deliveries before they can graduate as a midwife and in that case they get their ex-
perience through „real life cases“ instead of practicing and doing interactive exercises
with old CTG traces. This is both good and bad, good because they get experi-
ence how everything works during labour but bad because they feel unprepared and
it‘s not everyday that they deal with abnormal traces. In that case the „younger“
midwifes don‘t feel prepared enough and think that a tool where they can practice
and do exercises would benefit them greatly. The midwifes therefore want to be
prepared before something serious happens. That brings us to one interview with 2
midwifes. They decided to attend the master class because 2 weeks before they lost
a baby. They explained that a possible and the most likely reason is due to CTG
misinterpretation. They also explained that it happened in the middle of the night
and according to the lecturer, Edwin Chandraharan, that is a time when the hu-
man is not at it‘s sharpest related to reflexes and interpretation of complex patterns.

ST Analysis is no longer used in Sweden, since one year ago, and all interviewers
from Sweden mentioned that it was a great loss. They would want to get the tech-
nology back to their workplace because, according to physician, it is the best method
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A. Interviews

out there today.

All were very interested in the tool we are working on and would welcome a new
and more modern type of exercises for CTG and fetal physiology interpretation, be-
cause this technique can easily save unnecessary interventions and untimely neonatal
deaths.

A.3 Summary from Interviews with Midwifes &
Professors at the Midwifery Science Program
at University of Iceland

The same person handles the retraining of the health care staff at the delivery ward
and the training of the midwifery science program at the University of Iceland.
Retraining for the staff is done once a year where there are lectures and practical
exercises. Each year there is a different topic of discussion. The training of the
students is limited, and they get four hours of CTG training in the two years. The
material that is accessible the health care professionals is a scanned chapter from
the PROMPT participant manual based on the NICE guidelines. Also, the staff
are provided with FIGO articles and hospitals procedure manual. Today, the CTG
traces are printed on to CTG recording paper and only a few admins can access
the traces at the hospital. However, it is only a matter of time until the traces will
only be digital. The recordings are on paper because the midwifes are afraid that
the wrong recording will be attached to the patient’s file. The new digital system
at the labour ward is a tremendous addition to be able to review and discuss the
issues without going into the patient’s room. Old cases are reviewed with a doctor
three days a week before the shift starts. There were no exercises or training to
practice before the system was inaugurated. Two years ago there was a CTG expert
that came and taught a seminar about interpreting CTG traces. The interviewees
thought the training tool would be useful and would be a great addition to the
training for the labour ward. Also, for the education of new midwifes and physicians.

A.4 Summary from an Interview with a Professor
at Chalmers University of Technology

Video lectures are a good alternative to get users to be more active and they par-
ticipate when there are discussions. The video lectures and active learning will be
used more to for teaching. It takes a long time to make video lectures but with good
preparation this part can be implemented. In the long run, using video lectures can
lower the work load for teachers.
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B
Personas

This appendix presents the two personas that were created to keep the perspective
of the intended users. The personas were a midwife and a midwifery science student.
Each persona includes a name, photo, description of job responsibilities and included
illustrative information about the persona such as the user’s skills and personal
details. Also, a quotation form the interviewees gives the persona a layer of realistic
consideration.

B.1 Midwife Persona

Figure B.1: User persona for a midwife.
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B. Personas

B.2 Midwifery Student Persona

Figure B.2: User persona for a midwifery science student.
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C
Screen Captures

This appendix contains screen captures of the STAN Trainer both from a desk-
top/laptop computer view that would only be a repetition of material that had
already be presented, and a mobile view.

C.1 Results - ST Analysis

Figure C.1: ST Analysis Exercise.
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C. Screen Captures

Figure C.2: ST Analysis Exercise Part 1.
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C. Screen Captures

C.1.1 Mobile Prototype View

(a) (b)

(c) (d)

Figure C.3: A set of figures of the mobile view: (a) Mobile view of the home
page.; (b) Mobile view of the navigation bar.; (c) Mobile view of the other

resources section.; and (a) Mobile view of the exercise categories.;

IX



C. Screen Captures

(a) (b)

(c)

Figure C.4: A set of figures of the mobile view: (a) Mobile view of the exercise
categories.; (b) Mobile view of the CTG exercise showing the learning

objective.;and (c) Mobile view of the CTG exercise showing the start of the quiz.
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D
Multiple Choice Questions

This appendix presents questions that were included in the STAN Trainer prototype
plus additional questions that were too long to be included in the two quizzes, CTG
and ST Analysis. These questions were composed by a STAN-specialist midwife.
The answers highlighted in green are correct.

D.1 Questions for CTG Trace Exercises

Figure D.1: CTG trace for question 1

Q1. What type of pattern is this (see Figure D.1)?
a) Saltatory pattern
b) Pseudosinusidal pattern
c) Sinusoidal pattern
d) This pattern looks normal

Explanation: Sinusoidal pattern is a regular, smooth, undulating pattern resembling
a sinus wave. Is characterized by absense of variability.
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D. Multiple Choice Questions

Figure D.2: CTG trace for question 2

Q2. What kind of deceleration do you see in Figure D.2?
a) Early deceleration
b) Variable deceleration / V-shaped/ baroreceptor-mediated response
c) Late deceleration/chemoreceptor-mediated response
d) This pattern looks normal

Explanation:
Late decelerations are characterized by a uniform pattern. There is a time lag be-
tween the onset and peak of the contraction and the onset and peak of deceleration.
A slow recovery to baseline FHR reflects a chemoreceptor-mediated response.

Figure D.3: CTG trace for question 3

Q3. What kind of deceleration do you see in Figure D.3?
a) Early deceleration
b) Variable deceleration / V-shaped/ baroreceptor-mediated response
c) Late deceleration/chemoreceptor-mediated response
d) This pattern looks normal
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D. Multiple Choice Questions

Explanation:
Variable deceleration exhibits a rapid drop, good variability within the deceleration,
rapid recovery to the baseline, varying size, shape and relationship to uterine con-
tractions. A rapid fall and an instantatious recovery to the original baseline reflects
a baroreceptor-mediated response.

Figure D.4: CTG trace for question 4

Q4. What kind of variability do you see in Figure D.4?
a) Normal >5bpm
b) Sinusoidal
c) Saltatory
d) Pre-terminal

Explanation:
Prolonged bradycardia as well as total loss of variability and reactivity, with or
without shallow decelerations are often termed ‘pre-terminal’ and requires immedi-
ate delivery.

Q5. What are the basic components used for normal aerobic cellular metabolism?
a) Fat and oxygen
b) Oxygen and glycogen
c) Oxygen and glucose
d) Carbon dioxide and water

Explanation:
The normal cellular metabolism utilises predominantly oxygen and glucose. This is
labelled as aerobic, oxygen-dependent metabolism.

Q6. What action can the fetus use against oxygen deficiency?
a) Increase extraction of oxygen from the blood
b) Reduce fetal activity and fetal growth rate
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D. Multiple Choice Questions

c) A surge of stress hormones and an increase in cardiac output
d) All of the above

Explanation:
Fetal defence mechanisms against oxygen deficiency are: more effective oxygen distri-
bution, reduced fetal activity and growth, release of stress hormones, redistribution
of the blood flow, and anaerobic metabolism.

Q7. The fetus may react with a prolonged deceleration with the mother lying on
her back. Why?

a) Activation of the sympathetic system
b) Decrease in placental blood flow
c) Spasm of the uterine arteries
d) Inadequate maternal breathing when the mother is on her back

Explanation:
If the mother is lying on her back the fetus may react to prolonged deceleration with
decrease in placenta blood flow.

Q8. What is the cause of early decelerations?
a) Hypoxic episodes during contractions
b) Decreased placental blood flow during contractions
c) Maternal fever
d) Increased pressure on the fetal head during contractions

Explanation:
Early decelerations are reflex-triggered (by the parasympathetic system) reduction
in fetal heart rate being caused by vagal reactions due to fetal head compression.

Q9. What characterises variable decelerations?
a) Uniform appearance
b) Rounded appearance
c) A rapid loss of beats
d) A marked loss of beats

Explanation:
Variable decelerations are characterized by an abrupt and distinct drop in the heart
rate followed by a fast recovery.

Q10. Which portion of the cardiac cycle is used to calculate the fetal heart rate
(FHR)?

a) The P-R interval
b) The S-T interval
c) The P-P interval
d) The R-R interval

Explanation:
The portion of the cardiac cycle that is used to calculate the FHR is the R-R interval.

Q11. Identify the most common cause of rapid shifts in fetal heart rate (FHR)?
a) Fetal hypoxia
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D. Multiple Choice Questions

b) Reductions in placental blood flow
c) Fetal movements
d) Maternal fever

Explanation:
A common cause for rapid shifts in FHR are fetal movements.

Q12. What is lactate?
a) A waste product of anaerobic metabolism
b) The oxygen deficit in the blood
c) A basic metabolite
d) The most important energy source for the fetus

Explanation:
During anaerobic metabolism, blood glucose and stored glycogen are utilized, and
the energy is to cover basal activity. The waste product of this process is lactate acid.

Q13. Which waste products are produced during normal, aerobic metabolism?
a) Glycogen and lactate
b) Lactate and water
c) Hydrogen and bicarbonate ions
d) Carbon dioxide and water

Explanation:
During aerobic metabolism, the energy that is produced it is utilized during activity
and growth. It is important to note that that carbon dioxide and water are the
waste products of that need to be removed from the cell by blood flow.

D.2 Questions for CTG trace with ST Analysis
Exercises

Q1. Which component of the fetal ECG changes as a result of anaerobic myocardial
metabolism?

a) The S-T interval
b) The Q-R interval
c) The P-Q interval
d) The P-P interval

Q2. Why is it important for the system to establish a T/QRS baseline when the
fetus is in a stable condition?

a) The T/QRS baseline is used to compare any changes in the FHR over time
and alert when changes are significant

b) The T/QRS baseline is used to compare any changes in the ST interval over
time and alert when changes are significant

c) The T/QRS baseline is used to compare any changes in the contraction pattern
over time and alert when changes are significant
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D. Multiple Choice Questions

d) It is not important

Q3. The CTG is abnormal and two Biphasic ST Events, one minute apart are
displayed. What is the recommended management?

a) Expectant management and continued observation regardless of Biphasic Events
b) Closer observation and intervention after a third Biphasic Event
c) Obstetric intervention regardless of whether more Biphasic ST Events occur
d) None of the above

Q4. ST Analysis is indicated as an adjunct to standard CTG monitoring when
there is an increased risk for the fetus to develop what?

a) Metabolic acidosis
b) Hypertone uterus
c) Bradycardia
d) Aerobic metabolism

Q5. When a ST Event occurs during a normal CTG tracing it may be related to...
a) Severe hypoxia and immediate delivery is warranted
b) A mistake by the monitor and should be ignored
c) Preterm labour and immaturity of the fetal myocardium
d) A physiological reaction to an arousal response (a sudden move or kick)

Figure D.5: CTG and ST Analysis recording for question 6.

Q6. In the example above, the STAN recording started several hours ago. At start
the CTG was normal. During the last hour the CTG has become abnormal. There
are no significant ST changes. What does this signify?
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D. Multiple Choice Questions

a) The fetus is suffering from severe asphyxia and does not have the ability to
respond with ST changes

b) The fetus still has a maintained energy balance in its heart and is therefore
in control of the situation

c) The fetus is incapable of responding and FBS is required to obtain adequate
information

d) Poor signal quality

Figure D.6: Fetal ECG signal for question 7.

Q7. What does this ECG signal indicate in Figure D.6?
a) All is normal
b) Breech position
c) Cardiac malformation
d) Poor signal quality

Figure D.7: CTG trace with ST Analysis for question 8

Q8. In Figure D.7 above, the recording illustrates an Episodic T/QRS Event, what
does this signify?

a) The fetal heart is exposed to hypoxia, but cannot or had not had the time to
defend itself

b) The fetal heart is exposed to long-lasting hypoxia and reacts with anaerobic
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D. Multiple Choice Questions

c) The fetal heart is exposed to short-lasting hypoxia and reacts with anaerobic
metabolism

Q9. Why should a STAN recording start as soon as possible and no later than
during the end of the first stage of labour?

a) No reason at all, it could start any time
b) The STAN Method is based on the ability to record changes in fetal oxygenation.

Thus, it is important to start recording before the fetus has utilized all its resources

Q10. What is the T/QRS ratio?
a) The ratio between the height of the T wave and the amplitude of the QRS complex
b) The ratio between the height of the P wave and the amplitude of the QRS

complex
c) A calculation of the RR interval in the ECG complex
d) The ratio between the height of the R wave and the amplitude of the QRS

complex

Figure D.8: CTG trace with ST Analysis for question 11

Q11. Is it advisable to initiate ST Analysis in Figure D.8?
a) No, there is reduced variability
b) No, CTG shows no cycles
c) Yes, CTG shows a stable baseline and normal variability
d) I don’t know
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