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Abstract—On average a woman dies in childbirth 
approximately every 90 seconds, and the majority of these 
deaths take place in Africa and Asia [1]. While ultrasound 
imaging is an effective tool for identifying maternal mortality 
risk factors, it is nearly absent in many rural healthcare 
facilities in developing regions due to the high costs of both 
equipment and required training. To leverage existing 
healthcare systems commonly found in these contexts, we have 
focused on increasing the diagnostic capabilities of village 
midwives—often central medical figures in rural and low-
income communities. We have developed a low-cost, portable, 
easy-to-use ultrasound system designed specifically to enable 
local midwives to identify high-risk conditions for referral to a 
well-equipped health care facility. Our focus has been on 
designing an appropriate system for our context. Specifically, 
we had to: simplify our user interface, support a solitary work 
environment, balance cost and features, and create an 
integrated teaching help system. This paper describes 
technical, socio-technical, and socio-cultural factors, drawn 
from our collaboration with the University of Washington 
Department of Radiology and our field experiences with 
midwives in Uganda, that have influenced our design. 
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I. INTRODUCTION 
Globally, a woman dies in childbirth on average every 

~90 seconds; over ninety percent of women who die are in 
Africa and Asia [1]. In Uganda, for example, the maternal 
mortality rate is 430 per 100,000 live births. Countries that 
are more politically unstable, such as Chad and Somalia, 
have rates of 1,200 maternal deaths per 100,000 live births. 
On the other hand, rates of maternal mortality in the United 
States are 24/100,000 [1]. However, small changes, such as 
identifying high risk patients, can potentially reduce 
preventable deaths in developing countries. Most of these 
preventable deaths occur because of severe bleeding, 
infections, ecclampsia, obstructed labor and the 
consequences of unsafe abortions [2]. These conditions can 
often be prevented if a woman is diagnosed early enough to 
be treated in a well-equipped healthcare facility by trained 
medical personnel. Three of these five conditions, 
specifically causes of hemorrhage, risk of obstructed labor, 

and dangerous sequelae of abortion, can be predicted or 
diagnosed using ultrasound technology, as can three of the 
top five causes of neonatal mortality [3]: birth asphyxia, 
injuries, and defects. However, the effect of ultrasound on 
maternal health outcomes is still inconclusive as researchers 
have argued that longitudinal studies must be performed to 
assess the ability of ultrasound to lessen maternal deaths [4]. 
To create a viable longitudinal study to answer this question, 
we need to have a low-cost, portable ultrasound system that 
can be easily deployed in rural developing regions. Cost is 
traditionally seen as the major barrier for widespread 
deployment of medical technology, but the situation is more 
nuanced. Longitudinal studies must integrate an ultrasound 
system that is appropriate to the populations in which they 
are introduced. The problem space of maternal ultrasound 
and health outcomes, then, is twofold. While lower cost 
commercial systems are increasingly available, those 
systems lack some characteristics that would allow them to 
be fully integrated into maternal health practice outside of 
better-equipped hospitals as appropriate technology. 

The suitability of ultrasound for low-resource settings has 
been addressed by researchers Harris and Marks, and 
drawing on UNESCO technology evaluation guidelines, they 
highlight the criteria of feasibility, appropriateness, and 
impact as key [4]. Harris and Marks discuss issues of 
appropriateness at length, and their considered analysis of 
how a technology can usefully be deployed—without 
replicating neocolonial patterns or disrupting valuable forms 
of local knowledge—is a welcome addition to technology 
and development considerations. Our own work considers a 
balance of these three criteria, and our efforts are focused on 
developing a low cost, easy-to-use ultrasound system that 
will respond specifically to the need for feasible and 
appropriate technologies within low-resource settings.  

To help lessen maternal and neonatal mortality rates, we 
have developed a portable ultrasound platform targeted at 
health practitioners with limited training. Specifically, our 
project aims to create an ultrasound system for midwives in 
Uganda that will enable them to identify potential pregnancy 
complications. Once a condition is identified the midwife 
then refers the mother with high-risk conditions to a well-
equipped medical facility for delivery. In our prior work [6], 
we discussed the feasibility of our system, demonstrating 
that the combination of older ultrasound technology and a 



netbook form factor provided adequate image quality to 
identify three of the major causes of maternal hemorrhage: 
placenta previa, breech, and multiple gestations.  

Our research since then has focused on questions of 
appropriateness and potential for impact. We have conducted 
a year-long research study of technical, socio-technical and 
socio-cultural elements in order to refine our system design. 
We have considered elements such as image quality, 
infrastructure, power, technology durability, user 
serviceability, human-computer interaction, midwife work 
practice, institutional constraints, and cultural and 
community factors in an attempt to create a system that is 
appropriate for the usage context. Our goal is to use this 
system in a deployment that will address the last criteria: 
impact. However, ultrasound technology alone will not 
lessen high maternal mortality rates; maternal and neonatal 
deaths are multifactorial problems that require multifaceted 
solutions. Socioeconomic causes include poverty, 
malnutrition, and limited access to health care. Leading 
medical causes include bleeding, infection, and 
complications of unsafe abortion [2]. Aspects like messaging 
to mothers, counteracting cultural expectations to give birth 
at home, and overcoming challenges of how much it costs in 
money and time to travel to hospitals all need to be 
addressed to create a solution likely to have eventual impact.  

II. BACKGROUND 
In the developing world, midwives are on the front lines 

of delivering safe, effective antenatal and perinatal care to 
women and neonates. Providing this care requires midwives 
to encourage women to visit clinics during the antenatal and 
perinatal period, provide antenatal advice and health 
education, treat complications due to miscarriages and/or 
unsafe abortions, and other responsibilities [6]. In some 
communities where outside referral is not possible, midwives 
must also attend to the psychological health of their patients, 
or even perform surgical procedures [7]. In industrialized 
nations, a network of doctors, nurses, and specialists share 
these responsibilities, but in developing world settings, a 
midwife typically fulfills all of them. Since midwives 
provide the majority of primary care for women, they are 
trusted, respected figures in their communities and have a 
privileged, influential relationship with patients. This 
potential of this relationship to encourage more women to 
enter the antenatal care system has made supporting 
midwives an emerging focus of maternal and child health 
initiatives [8]. 

Unfortunately, many midwives lack fundamental 
diagnostic tools that could assist them in providing effective 
antenatal care. Ultrasound, for example, has been used to 
monitor high-risk pregnancies in most industrialized nations 
since the 1960s. In these countries, ultrasound scanning is a 
common and routine procedure, and it is well known for its 
ability to diagnose common high-risk conditions both safely 
and effectively [9]. In developing world settings, ultrasound 
has the potential to provide midwives with imaging data that 
could complement data from a patient history and physical, 
and help midwives assess the mother’s risk of death from 
obstetrical complications. For instance, multiple gestations 

and placenta previa both predispose women to hemorrhage, 
which can cause maternal death, but up to 50% of multiple 
gestations and the vast majority of placenta previa are missed 
without ultrasound imaging [10]. If these complications are 
diagnosed in the prenatal period with ultrasound, a woman 
can be referred to a health center where she can receive a 
timely, safe caesarean section rather than undergoing a 
potentially dangerous vaginal delivery. 

Existing studies have reinforced the viability and 
usefulness of ultrasound in resource-constrained 
environments, both for maternal health and other health 
complications. In a field trial in the Lugufu refugee camp in 
the Kigoma District, Tanzania, for example, four physicians 
and six clinical officers were trained to use ultrasound for a 
variety of conditions and contexts, including: trauma, renal 
ultrasound, pregnancy evaluation, echocardiography, and 
ultrasound guided procedures. Over a two-year deployment, 
the medical staff in the camp performed 547 ultrasound 
scans on 460 patients. Although this work evaluated 
ultrasound usage more broadly (for a variety of medical 
conditions), the results showed that ultrasound was also 
useful for female pelvic and obstetrical issues: 46% of the 
scans were of the female pelvis and half of these were 
directly related to pregnancy issues [11]. Another 
preliminary study in Siuna, Nicaragua has shown that 
compact ultrasound has the potential to reduce maternal 
death rates when used by trained physicians [4]. 

Despite the usefulness of ultrasound imaging, ultrasound 
systems are relatively absent in low-resource regions. This 
can be explained, in part, due to its high cost; traditional 
systems are prohibitively expensive for most developing 
world medical centers [4]. Over the past ten years, however, 
there has been a focus on developing lower-cost, portable 
ultrasound machines instead of expensive stationary 
machines, most notably by SonoSite, GE, and Philips. These 
portable machines range from about $15,000-$30,000, which 
can still be too costly for many public health budgets. 
Additionally, a new class of mobile ultrasounds machines are 
emerging (e.g. GE's VScan, Siemens P10), costing between 
$7000-$9000. However, these small devices only have a ~3-
inch screen size (sub-optimal for performing obstetrical 
diagnostics) and no network connectivity. MobiSante [12] 
uses a mechanical probe (similar to our system) connected to 
a smartphone. While this solves the connectivity issues, it is 
not clear that performing obstetrical ultrasound on a 
smartphone is desirable because of limited screen space, 
limited processing ability, and limited battery life/power.  

While ultrasound is a promising technology, other 
projects have looked at addressing maternal and neonatal 
mortality from different perspectives.  Ramachandran et al. 
[13] employed short videos on mobile phones designed to 
persuade village women in India to adopt new health 
practices. This work showed that videos were useful in 
promoting dialogue among village women about health 
practices and showed positive effects toward health worker 
motivation and learning. The researchers also recognized the 
importance of designing interventions that take into account 
family and village power structures, noting, for example, that 
village women were often expected to follow the will of their 



mother-in-law in terms of seeking healthcare during 
pregnancy. In Ghana, the MoTeCH project [14] is 
developing appropriate services to provide relevant health 
information to pregnant women over mobile phones and 
encourage them to seek antenatal care at local facilities. They 
found that women were open to hearing information in a 
male voice and preferred messages given in a local accent. 
Other organizations like ARTH and PATH have employed a 
variety of interventions to influence maternal and neonatal 
health. ARTH [15] has worked in Rajasthan in midwife 
training, reviewing circumstances of maternal deaths, safer 
abortions and contraception education and assistance.  PATH 
[16] has developed low tech approaches like the clean 
delivery kit, designed to reduce infection at birth. While our 
project looks at the utility of ultrasound, by no means would 
we argue it is the only effective means of improving 
maternal and neonatal health. 

III. METHODOLOGY 
To understand how diagnostic technology such as 

ultrasound could be integrated into a midwife's workflow, we 
partnered with the University of Washington Radiology 
department. This department has a Ugandan midwife 
ultrasound-training program. Currently, the training program 
teaches midwives to use ultrasound to diagnose three 
conditions (placenta previa, multiple gestations, and breech 
presentation) that contribute to maternal mortality. The focus 
of their study is to perform preliminary testing on the impact 
of training midwives in resource-poor regions to use portable 
ultrasound units to diagnose high-risk complications. Once a 
condition is identified, midwives refer at-risk patients to give 
birth in mid-level clinics. This project is intended to help 
fulfill the fifth United Nations’ Millennium Development 
Goal (MDG), which advocates reducing maternal death rates 
by three-quarters between 1990 and 2015. We have 
partnered with radiology colleagues to develop a technology 
appropriate for their efforts. In our research to create an 
ultrasound system for midwives in Uganda, we have focused 
on the technology itself, socio-technical elements, and socio-
cultural factors.  

The work described in this paper is based on 
conversations with radiologists and sonographers in the 
United States, usability testing of the system in the U.S., 
surveys with the Ugandan midwives, findings from multiple 
field visits in Uganda by the radiology team with whom we 
work, and our own fieldwork in March 2011 in Uganda 
where we observed current work practices of midwives using 
ultrasound and performed iterative design work. 
Additionally, we conducted semi-structured interviews with 
radiologists, sonographers, and midwives familiar with the 
use of ultrasound by midwives in low-resource settings. 

IV. CREATING AN APPROPRIATE ULTRASOUND SYSTEM 
The appropriate technology literature and the work of 

researchers in the field of social construction of technology 
provide numerous examples of exquisitely designed 
technologies that fail to be adopted or to have their desired 
effects [17, 18]. The literature advocates for design that 
meets ethical, cultural, social, political and economic 

standards in the community for which it is intended. 
Leveraging existing systems, processes, and resources rather 
than trying to introduce radically new ones can help 
researchers design and deploy appropriate technology. It was 
with this in mind that we approached the design of an 
appropriate low-cost ultrasound system (called the 
Ultrasound PLUS — Portable Learning and User-centered 
System) to leverage Uganda’s existing midwife-based 
healthcare system. Our initial work was focused on 
understanding the technical constraints of low-cost 
ultrasound systems and then determining which functionality 
was essential and which could be omitted in order to reduce 
cost and simplify our overall system design. As we 
proceeded, however, our fieldwork alerted us to various 
socio-technical factors that caused us to modify our system 
design to better match the technical skillsets of Ugandan 
midwives. Our design approach emphasizes work context 
and how technical functionality scaffolds certain work 
practices. To this end, our designs compensate for limited 
collaboration potential by building a novel medical help 
system within the ultrasound device to support existing work 
practices. 

A. Simplified Design 
We sent surveys to Ugandan midwives participating in 

the University of Washington Radiology department study to 
gain insight into their experiences with ultrasound. The study 
used portable GE LOGIQ Book ultrasound units, and the 
feedback from the midwives’ surveys informed us that they 
had difficulty with some ultrasound features such as Time-
Gain Control (TGC), which is a feature that allows the user 
to take an image of consistent brightness (from top to bottom 
of image). From our discussions with sonographers and 
radiologists, we learned that TGC, among other features such 
as harmonics control, were unnecessary to diagnose high-
risk complications. Most compact ultrasound systems are 
designed specifically for experts with at least two years of 
ultrasound training [19]. Midwives in developing countries 
train for shorter amounts of time. Anecdotal data, in fact, has 
shown that midwives can learn how to properly diagnose 
high-risk complications within two weeks [4]. But based on 
early feedback from midwives and sonographers in the U.S., 
we made some initial decisions to simplify overall system 
functionality and the user interface (UI).   

Our simplified UI design provides users with only the 
functionality necessary to diagnose high-risk conditions. Our 
design was also informed by semi-structured interviews with 
midwives trained in ultrasound, sonographers and 
radiologists familiar with use of ultrasound in low-resource 
settings, and observations of midwives using ultrasound 
technology in Uganda. Radiologists watching midwives use 
the GE machines in Uganda noticed that knobology—the 
ability to connect the behavior of knobs and sliders with on-
screen functionality—was a significant struggle for the 
midwives. As a result, we designed our device so that while 
scanning, the touchscreen only displays three buttons, four 
image adjustment sliders, and a depth selection control. To 
compare, the GE LOGIQ Book UI is more complicated, with 
over fifty buttons and sliders that our target users do not need 



in order to detect basic pregnancy complications (See Figure 
1). The GE LOGIQ Book is designed for expert ultrasound 
users and it maximizes the functionality of the machine; 
while an excellent device for clinical settings with highly 
trained practitioners, it is less appropriate for midwives with 
abbreviated ultrasound training.  

 

 
Figure 1.  GE LOGIQ Book (left) and our system  (right) 

When we conducted fieldwork in March 2011, we 
discovered other socio-technical issues that affect the 
usability of our system design, including midwives’ limited 
familiarity with personal computers and difficulty typing. In 
particular, these issues have implications for knobology and 
the design of our integrated patient data system. After 
observing the time it took midwives to fill out patient data 
forms that precede the examination, we attempted to reduce 
the number of fields to what was essential. In addition, we 
created drop down menus in place of open fields to facilitate 
more efficient use. Making the system more efficient makes 
it more likely that midwives will use it regularly in exams. 
Additionally, we do not want the midwives to have only 
limited knowledge of ultrasound. To increase midwives’ 
ability to diagnose common complications and to supplement 
their abbreviated training, we designed a robust help system, 
which will be discussed later in section D. In the current 
version of our system, for example, if a midwife is confused 
while scanning a woman, she can click “Help” and choose 
among topics that are relevant to obstetrical ultrasound. 

B. Work Environment 
Understanding midwives and their current work 

experiences is paramount for designing a socially appropriate 
device for communities in resource-poor settings. All 12 
midwives interviewed in Uganda in March 2011 reported 
that they worked long shifts at the clinics, frequently up to 12 
hours in duration, and were almost always the only midwife 
on duty. In addition to using ultrasound to screen women for 
high-risk pregnancy conditions, midwives’ other 
responsibilities include patient education and 
communication, delivering babies, and providing other types 
of care, including vaccination. At clinics, the number of 
babies delivered per month ranged from 30 per month at the 
smallest clinic, to 150 per month at the largest clinic. 
Realizing that clinics are under-staffed and midwives fulfill a 

variety of roles within their community, our focus was to 
minimize the amount of time the midwife has to spend with 
the device. Since they have a high patient load and other 
responsibilities competing for their attention, it was crucial 
to make our device as simple to use as possible. This was 
achieved by shortening the patient data form and eliminating 
unnecessary functionality (as described in the previous 
sections).  

An important consideration in the design was the larger 
technology and work ecosystems. Internet connectivity was 
mostly non-existent throughout the clinics we visited in 
Uganda. GPRS modems provided some limited connectivity, 
though cell service was sparse in outlying areas. Recognizing 
that connectivity is nonexistent, or prohibitively expensive, 
led us to determine that teleradiology (where ultrasound 
images are sent to a remote radiologist for interpretation and 
diagnosis) was not an appropriate solution. However, in 
looking at the potential of teleradiology, we realized how the 
midwife being the sole practitioner raises additional 
challenges for ultrasound use, including the inability to 
consult colleagues when images are difficult to interpret. To 
address this challenge we created a contextual help system. 
This help system is designed to encourage midwives to 
explore the UI and increase their understanding of pregnancy 
complications and best practices of diagnostic ultrasound.  
Additionally, as discussed in [20], in order to usefully adapt 
mobile ultrasound technology to fit traditional midwifery 
work practices one must also understand the work settings 
within which ultrasound technology has been developed and 
widely deployed. 

C. Technology and Cost Balance 
We selected the Interson SeeMore USB ultrasound probe 

[21] (based on [22]) that uses older mechanical scanning 
technology for our platform because it was significantly 
cheaper than phased array probes. The image quality 
provided by the mechanical probe was verified by trained 
sonographers and radiologists in our previous work as being 
sufficient for detecting basic pregnancy complications 
including multiple gestations, placenta previa, and 
malpresentation [5]. While the cheaper mechanical probe 
reduced the cost, midwives using the phased array probe 
from the GE LOGIQ Book noticed the difference in image 
quality and decrease in frame rate of our system. We are 
currently searching for low cost hardware that will not only 
improve image quality and frame rate but also allow us to 
implement our streamlined UI. Both of these image 
improvements, though not strictly necessary to diagnose our 
target conditions, would make our system easier to use for 
novices who may have limited pattern recognition and image 
interpretation skills. Ultimately, these technological changes 
would make the system more appropriate for practitioners 
with limited training and imaging expertise, and who also do 
not have ready access to experts for regular consultation 
about exam results. 

An important part of our system, which differentiates it 
from other mobile ultrasound platforms using a USB-
connected probe (like Mobisante[12]) is the large screen 
size. Initially, our system included a netbook computer with 



a small screen size, which we chose in an attempt to optimize 
for portability and cost. From our interviews with 
radiologists and sonographers in the United States, we have 
discovered that a small screen size is not ideal for obstetric 
ultrasound for a variety of reasons.  Because our system 
incorporates a USB ultrasound probe with an off-the-shelf 
laptop, it is relatively easy to incorporate new components as 
needed. Based on this feedback, we switched to a low-cost 
touchscreen notebook (~$800) with a 12 inch screen to 
improve the frame rate (increased CPU capabilities) and 
enlarge the viewing area. Obstetric ultrasound requires a 
large field of view imaging, and a small screen makes large 
field of view images smaller and more difficult to interpret.  
The small screen also miniaturizes fetal structures, making 
them more of a challenge to identify and measure accurately. 
This becomes more of a challenge when users have little 
ultrasound training.  

Our March 2011 fieldwork revealed that printed 
ultrasound images may be desirable to women coming to 
clinics for prenatal care. In Uganda, many women must 
receive permission from their husbands to go to the hospital 
or take other trips which may interfere with their work at 
home; a printed ultrasound image would allow women to 
show their husbands proof of medical issues. Our laptop-
based system easily allows for a printer attachment. Indeed, 
the ability to plug in peripherals also allows the system to be 
paired with a larger external display or new kinds of input 
modes. For example, a handheld peripheral device, with a 
few physical knobs and sliders, could make the process of 
optimizing ultrasound images easier. Additionally, because 
the system runs on a laptop, it is open and modifiable in a 
way that an all-in-one commercial system cannot be. New UI 
or context-driven help systems can be developed by users, 
health ministries, or others. The ability to customize the 
software elements of the system makes it extensible and 
more widely applicable. 

D. Scaffolding In Situ Use with a Robust Help System 
Interviews with Ugandan midwives regarding their 

training experiences revealed deficiencies with continuing 
education resources. All of the midwives we interviewed 
expressed frustration with the dearth of continuing education 
materials and programs available to them about both 
midwifery and ultrasound. For the midwives we interviewed, 
who work as the sole practitioner in their remote clinics, the 
option to consult colleagues when they have questions or 
attend continuing education classes is limited. In response, 
we designed an expanded help system to operate as an 
integrated teaching tool within the ultrasound system. The 
goal is to provide a resource to answer questions in the 
middle of exams and to guide midwives through best 
practices in diagnostic ultrasound. Other portable ultrasound 
systems have help systems, but these tools are often 
complicated, not embedded within the current workflow, and 
lack the additional support necessary to help midwives with 
low literacy. For example, the GE machine has a help 
system, but it takes the user completely out of her exam.  Our 
help system generated enthusiasm when we first showed it to 
Ugandan midwives in March 2011; one midwife even asked 

if we could integrate this help system into the GE device she 
was already using so she would not have to find her 
textbooks in the middle of an exam when she had questions. 

Our help system is designed to be used within the context 
of the exam so that the midwife’s normal exam workflow 
does not have to be disrupted. If a midwife selects the “Help” 
button, a small panel appears on the bottom of the screen 
with a list of topics from which she can choose. Once the 
midwife has selected a topic, she can view relevant medical 
definitions or get step-by-step instructions that detail best 
practices in diagnostic ultrasound. Additionally, the help 
system offers side-by-side comparison with images taken by 
professional sonographers as shown in Figure 2. This could 
serve as an easily accessible supplement to materials in an 
ultrasound textbook, but would not require the midwife to 
turn her attention away from the exam in progress. For 
example, the help system could guide a midwife through the 
steps required to capture a head circumference measurement, 
or show her several example images of placenta previa with 
which to compare her own image. The integrated help 
system incorporates various types of media to facilitate 
understanding of ultrasound scanning procedures. Pictures 
and video are important to the training process because 
ultrasound interpretation requires practitioners to recognize 
and interpret visual patterns. In the future, we hope to expand 
our system to include persuasive media such as those used in 
Ramachandran et al.’s work, which demonstrated how 
videos can be useful in engaging village women in dialogue 
about health practices. These videos also showed positive 
effects on health worker motivation and learning [13]. 

 

 
Figure 2.  Screenshot of side-by-side image comparison in help system. 

To develop appropriate content for our help system (text, 
images, and step-by-step directions), we worked with 
radiologists and sonographers who had experiences teaching 
novice sonographers and working in developing world 
settings. With these experts, we worked to simplify the 
language and the directions in order to best meet the needs of 
midwives who, although they may have a great deal of 
knowledge about anatomy, have very little training on 
ultrasound specifically. Additionally, the overall system 
design includes features to provide assistance to users of 
varying literacy levels. For example, the help system 
includes speak-aloud functionality, which will allow users to 



listen to blocks of text spoken in a native accent instead of 
having to read them. Graphical icons are also used to 
indicate functionality whenever possible, instead of relying 
solely on buttons with text labels. For example, the “Save 
picture” button includes a camera icon, and the 
“Annotations” button (used to add notes directly to the 
ultrasound image) includes a pencil icon. The icons were 
chosen with the intention of making the functionality more 
transparent; however, further research is needed to verify the 
symbols chosen have enough cultural significance to be 
recognizable. 

Developing a help system that functions as a teaching 
tool addresses two project goals: 1) facilitating the 
understanding of high-risk conditions and best practices in 
diagnostic ultrasound and, 2) enhancing the sustainability of 
the device within resource-poor regions so the midwife can 
rely less on foreign assistance. Relying less on foreign or 
long-distance assistance is important for the midwives to 
retain their autonomy as central, trusted medical figures in 
their communities. 

V. CONCLUSION AND FUTURE WORK 
We developed an ultrasound platform designed for 

midwives working in rural developing regions. To make our 
design appropriate for rural medical settings we had to: 
create a simplified interface, provide for a solitary work 
environment, reduce the cost, and add a teaching help 
system.  However, simply introducing an ultrasound 
technology is not enough to reduce the high maternal death 
rates in poor countries, thus our work examined the socio-
cultural environments for which the device is intended. A 
more in-depth study is necessary to fully understand the 
cultural barriers to ultrasound and prenatal care. In the future 
we plan to examine pregnant women's perceptions of 
midwives and the relationship between the pregnant woman 
and her surrounding family (such as the mother-in-law and 
husband) as these factors can influence whether a mother 
receives care. We also plan to continue our efforts to make 
our system easier to use by expanding the help system and 
finding an ultrasound probe that can produce higher quality 
images at a low price point. 

By creating an appropriate ultrasound system we aim to 
reduce the costs and barriers to performing a longitudinal 
study on the impact of ultrasound in low-resource settings. 
But ultrasound alone will not lessen high maternal mortality 
rates; maternal and neonatal deaths are multi-factorial 
problems that require multifaceted solutions.  By 
investigating socio-cultural elements, we are contributing to 
a more nuanced understanding of how to effectively 
introduce ultrasound to low resource environments. 

ACKNOWLEDGMENT 
We would like to thank fellow team-members: Leo Ham, 

Wayne Gerard, Jacqueline Keh, Pratik Prasad, and Karen 
Saville.  We thank Rob Nathan and Gaetano Borriello for 
providing stellar partnership for this study. We also thank 
Nicole Goldsmith, Tina Ovuru, Carolyn Coffin for helping 
us understand sonography. We thank Gail Van Norman for 
loan of her Interson probe and William Richard and David 

Zar for their contributions to the ultrasound technology field. 
We thank Michael Kawooya and his colleagues at ECUREI 
for their collegiality and participation.  We thank David 
Swanson, Matthew Epstein, and Jason Nixon for their 
contributions to our fieldwork findings. Finally, we thank our 
study participants for their input. This work was supported 
by a grant from the Bill & Melinda Gates Foundation 
through the Grand Challenges Explorations Initiative. 

REFERENCES 
[1] WHO, “Trends in Maternal Mortality: 1990 to 2008: Estimates 

developed by WHO, UNFPA, UNICEF and The World Bank,”  
World Health Organization, 2010, Retrieved Sept. 2011. 
http://www.unfpa.org/public/op/edit/home/publications/pid/6598 

[2] K. S. Khan, D. Wojdyla, L. Say, A. M. Gülmezoglu & P. F. Van 
Look, “WHO analysis of causes of maternal death: a systematic 
review,” Lancet, 367, 2006, pp. 1066–1074.   

[3] J. Bale, B. Stoll & A. Lucas, Editors, Committee on Improving Birth 
Outcomes, “Improving Birth Outcomes: Meeting the Challenge in the 
Developing World,” 2003, Retrieved Sept 2011. 
http://books.nap.edu/catalog.php?record_id=10841 

[4] R. D. Harris & W. M. Marks, “Compact ultrasound for improving 
maternal and perinatal care in low-resource settings: Review of the 
potential benefits, implementation challenges, and public health 
issues,” Journal of Ultrasound in Medicine, 28(8) 2009, pp.1067-
1076. 

[5] W. Brunette, W. Gerard, M. A. Hicks, A. Hope, M. Ishimitsu, P. 
Prasad, R. E. Anderson, G. Borriello, B. E. Kolko & R. Nathan, 
“Portable antenatal ultrasound platform for village midwives,” Proc. 
of the 1st Annual Symposium on Computing for Development (ACM 
DEV 2010), London, UK. December 2010.  

[6] UNFPA. UNFPA – Midwives. 2011. Retrieved Sept. 2011. 
http://www.unfpa.org/public/mothers/pid/4384 

[7] WHO, Geneva, “Making pregnancy safer: The critical role of the 
skilled attendant: a joint statement by WHO, ICM and FIGO,” 
Geneva: World health organization (WHO). Department of 
reproductive health and research (RHR), 2004. 

[8] United Nations Population Fund, “The state of world's midwifery 
2011: delivering health, saving lives,” New York: United Nations 
Population Fund, 2011.  
http://www.unfpa.org/sowmy/report/home.html.  

[9] M. B. McNay & J. E. E. Fleming, “Forty years of obstetric ultrasound 
1957-1997: from A-scope to three dimensions,” Ultrasound in 
Medicine & Biology, 25(1) 1999, pp. 3-56.  

[10] P. W. Callen, Ultrasonography in obstetrics and gynecology. 
Philadelphia: Saunders Elsevier, 2008, p. 269.  

[11] D. Adler, K. Mgalula, D. Price & O. Taylor, “Introduction of a 
portable ultrasound unit into the health services of the Lugufu refugee 
camp, Kigoma District, Tanzania,” International Journal of 
Emergency Medicine, 1(4), December, 2008, pp. 261-266.  

[12] MobiSante. Product Overview, Retrieved Sept. 2011. 
http://mobisantemobius.com/product-overview/ 

[13] D. Ramachandran, J. Canny, P. D. Das & E. Cutrell, “Mobile-izing 
health workers in rural India,” Proc. of the 28th international 
conference on Human factors in computing systems (CHI 2010), pp. 
1889-1898, http://doi.acm.org/10.1145/1753326.1753610. 

[14] Mobile Technology for Community Health (MoTeCH), Retrieved 
Sept. 2011. http://www.grameenfoundation.applab.org/section/ghana-
health-worker-project 

[15] Action Research and Training for Health (ARTH), Retrieved Sept. 
2011. http://arth.in/activities.html  

[16] PATH, 2011, Retrieved Sept. 2011.  http://www.path.org/safe-
birth.php 

[17] T. Pinch & W. Bijker, “The social construction of facts and artifacts: 
or how the sociology of science and the sociology of technology 



might benefit each other,” Social Studies of Science, 1984, pp. 399-
441. 

[18] L. Winner, “Do artifacts have politics?” Daedalus, 109(1), 1980, pp. 
121-136.  

[19] U.S. Bureau of Labor Statistics. Occupational Outlook Handbook, 
2010-11 Edition: Diagnostic Medical Sonographers. Retrieved Sept. 
2011. http://www.bls.gov/oco/ocos273.htm.  

[20] B. Kolko, A. Hope, W. Gerard, W. Brunette, K. Saville & R. Nathan, 
“Adapting Collaborative Radiological Practice to Low Resource 

Environments,” submitted to Computer-Supported Cooperative Work 
(CSCW) 2012. 

[21] Interson Medical Instruments. SeeMore USB probe: General Purpose 
Abdominal Probes. Retrieved Sept. 2011. 
http://www.interson.com/LinkClick.aspx?fileticket=PvbLwPBLVFI=
&tabid=82.  

[22] W. D. Richard, D. M. Zar & R. Solek, “A low-cost b-mode usb 
ultrasound probe,” Ultrasonic Imaging, 1(5) 2009, pp. 21-28.  

[23] WHO  Uganda Country Profile,  Retrieved Sept. 2011.  
http://www.who.int/making_pregnancy_safer/countries/uga.pdf.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


