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Summary

The Graduation project is part of the research
project TAPP-BDP, which is a NWO-funded
joint project of TU Delft faculties of CiTG and
IDE in collaboration with the Environment and
Population Research Centre (EPRC), a multi-
disciplinary research, education, training, and
networking non-government and not-for-profit
organization in Bangladesh.

The project is about developing the TAPP-BDP
application, an android application that will be
launched in the Bangladesh market, aiming
at improving the operation and maintenance
of piped water supply (PWS) systems in the
Peri-urban areas near the Ganges-Brahmapu-
tra-Meghna Delta in Bangladesh.

The graduation project addressed three design
questions.

1, In which ways can a digital intervention as-
sist the local operator in testing water quality
and in monitoring the water supply system?

2, In which ways can a smartphone app enable
households to engage in the monitoring, oper-
ation, and maintenance process of their own
piped water supply systems?

3, How would a monitoring model and mainte-
nance process work for the PWS system after
implementing the TAPP application and field
test methods?

The final deliverables of the project included the
water quality monitoring part of the TAPP oper-
ator application that simplifies the test process
and enables local operators to arrange water
quality tests. The deliverables also includes the
water quality monitoring part of the TAPP cus-
tomer application that builds a communication
channel for local households to engage in the
monitoring process. At last, a standard monitor
model and maintenance process were also cre-
ated for improving the efficiency of the monitor
and maintenance process.

Due to the COVID-19 outbreak it was not pos-
sible to visit Bangladesh and gather contextual
information first hand. Instead, the contextual
information presented in the report comes from
discussions with prof. B.A. Hoque (EPRC Bang-
ladesh), Mr. S. Ahmed (EPRC Bangladesh) and
Dr. A. Mink (TU Delft). They have been working
on the NWO-funded DELTAP research project,
which led to the NWO-funded follow-up pro-
ject TAPP-BDP of which this graduation project
is part. Prof. Hoque and Mr. Ahmed have exten-
sive experience with managing and implement-
ing WASH projects in different Bangladeshi
regions. In collaboration with EPRC, Dr. Mink
conducted extensive fiel[dwork and organized
several stakeholder workshops for the DELTAP
project in August 2017, November 2017, July
2018 and November 2018.
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Chapter 1
Introduction

Bangladesh is a South Asian country that faces severe groundwater contamination problems.
To provide local Bangladeshi households with access to safe drinking water, piped water supply
(PWS) systems were installed in Bangladesh urban areas, and also in part of the rural areas.
However, in the rural areas some PWS systems fail to fulfil their tasks.

This chapter will introduce the current problems with the PWS systems and how two NWO fund-
ed research projects plan to improve them. This graduation project is part of these two research
projects, aiming to improve the monitoring and operation & maintenance of the PWS system by
solving three design questions raised at the end of this chapter. A summary of the design process
is also presented in this chapter, explaining how the project comes to three concepts to address
the three design problems.
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Figure 1. A Bangladeshi local household used water from a tube w

1.1 Bangladesh & groundwater contamination

About Bangladesh

Bangladesh is a South Asia country with 161
million people in a landmass of 147,750 km?2
and ranked the eighth most-populated country
(World Bank, 2018; MoEF, 2012). Islam is the
state religion of Bangladesh, as 88.4% of its
population is Muslim (BBoS, 2018). Bangladesh
is using Bangla as its official language (MoFA,
n.d.).

Bangladesh (figure 2) is surrounded by India in
its West, North, and East, while on its south is
the Bay of Bengal, the largest bay in the world
(NGS, 2013, MoFA, n.d.). Bangladesh is part of
the Ganges-Brahmaputra-Meghna (GBM) Del-
ta, where the high population density and fer-
tile soil brought livelihood opportunities, while
flooding, erosion, cyclones, salinisation, wa-
terlogging, etc. brought challenges to the so-
cio-economic position of the country (Rahman,
2020).

o i LY |
Figure 2, Bangladesh map (Picture by geology.com,
n.d.)
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Bangladesh has a rising literacy rate, but
still, a quarter of its population is illiterate.
According to UNESCO Institute for Statistics
(UIS) (2018), in 2018, for Bangladesh'’s popula-
tion aged 15 years and older, the literacy rate is
73.19% (male: 76.67%, female: 71.18%), while
in 2007, the literacy rate is only 46.66%.

In the Bangladesh education system, class 0-8
is the primary education level (The Daily Star,
2016). After class b's study, students are able
to perform reading and writing tasks in daily
life (Annaduzzaman, 2020). Secondary School
Certificate (SSC) and Higher Secondary Certif-
icate (HSC) are the certifications for class 10
and 12 students. After the SSC and HSC level,
students could continue university study (In-
fos-arena, 2020).

There is a higher literacy rate with Bangla-
deshi young people. For the population aged
15-24, the literacy rate is 93.3%, while for the
elderly generation aged above 65, the literacy
level is 40.12% (UIS, 2018). There is a lower
literacy rate in Bangladeshi rural areas com-
pared to urban areas. In 2017, the literacy rate
of the population aged 15 years and older in
the rural area is 66.1%, while in the urban ar-
eas, this rate increased to 81.1% (BBoS 2018).
In 2020, up to 61.4% of its population will live in
rural areas (UN, 2018).

The country still faces vast poverty prob-
lems and severe problems with their drinking
water. 21.8% of its population lives below the
national poverty line in 2018 (ADB, 2020). In
2017, only 55.4% of Bangladeshi people have
access to safely managed drinking water ser-
vice (ADB, 2020). This problem is caused by
chemical contamination in the groundwater.

Groundwater contamination in

ever, after installing the tube-wells, people
found the groundwater may contain chemical
contaminations like arsenic, manganese, iron,
etc. In coastal areas, the water is also highly
saline.

The chemical contaminations in the groundwa-
ter can cause health and/or taste issues to the
local households. Iron contamination is no haz-
ard to health, but may lower the acceptability
of drinking water by affecting its taste and ap-
pearance (WHO, 2017). Several experiments
suggested that soluble manganese is associat-
ed with adverse effects on learning in children
(WHO, 2017). High-salinity water might asso-
ciate with the occurrence of hypertension while
bringing a taste that would lower the accepta-
bility of the water (WHO, 2017).

The most severe chemical contamination in
the groundwater is arsenic contamination,
Smith (2000, 78) described the arsenic con-
tamination of Bangladeshi groundwater as the
“largest poisoning of a population in history” in
the World Health Organization’s Bulletin. Arse-
nic does not affect the taste, smell, and appear-
ance of the water. However, chronic arsenic ex-
posure causes severe health issues, including
dermal lesions, damage to the nervous system,
and cancer in the lung, skin & bladder (WHO,
2017).

The health of Bangladeshi people got severe-
ly affected by groundwater contamination for
decades. To reduce the result of drinking con-
taminated groundwater, the people in Bang-
ladesh desire safe drinking water options.

Bangladesh R e Ty e S Mgl s =0 I

: PR o . g - e e - - e e ey Y
Groundwater contomlnotlgn in Bangladesh : : L2 ot e i e e e
In the 1970s, Bangladesh installed groundwa- _ e L —— Eﬁ‘- e T e e g M— ©

. ek
ter tube-wells (figure 3) to supply groundwater

to its people to avoid the possibility of drinking
bacterially contaminated surface water. How-
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1.2 Piped water supply system

Piped water supply (PWS) systems were in-
stalled in Bangladeshi rural and peri-urban
areas to provide safe water to households by
removing groundwater contamination and
bacterial contaminations at the central level,
and they also meet the desire of households to
have running water in their house.

The PWS system operates in the following way.
The groundwater is first pumped to the sur-
face and goes through a filtration system to re-
move chemical contaminations, if present. The
cleaned water is stored in a water tower until it
is supplied to the households through pipelines.
Figure 4 is a visual that demonstrates an exam-
ple of the PWS system.

Hundreds of PWS systems that supply safe
drinking water to hundreds or even thousands
of households are installed in Bangladeshi ru-
ral areas and peri-urban areas. There are big-
scale, medium-scale, and small-scale piped
water (SPWS) systems. The SPWS systems
are easier to manage as they only supply water
to around 100 households.

There are different governing systems of the
PWS system. Either a sponsor and an entrepre-
neur set up the system, and the entrepreneur
takes over. Or DPHE installs the system, main-
tains it for a couple of years, and then the local
government or a local NGO takes over. Or an
NGO installs the system and maintains it them-
selves or hands it over to the local government.
In most cases, the households connected to the
PWS system need to pay an instalment fee and
pay monthly for their water usage; they pay ei-
ther a fixed tariff or for their actual water use.
Each system usually has 1-4 operators respon-
sible for the daily operation, some maintenance
work, and collecting water fees. Local mechan-
ics are hired for bigger maintenance work and
for bigger systems often an accountant is hired
for collecting payments.

12

The filtration of PWS system
might consists of o sand filter to
remmove ron and dirt, ond o
SIDEO filter to remove arsenic
contamination.
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Figure 4, Example of a PWS system
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1.3 Problem definition

The PWS system is an ideal solution to benefit
the Bangladeshi households with their desired
running tap water, treated on a central level.
However, in practice, there are some malfunc-
tions and issues that may cause the system to
provide contaminated or insufficient water to
households with PWS systems. Some of the
contamination risks are shown in Figure 5.

These malfunctions and issues lower the
households’ trust in PWS systems, resulting in
the pipeline water being used for many other
purposes, except for drinking. As the tube-wells
are still available for the households and the
households trust that water better, they contin-
ue to use the contaminated groundwater from
their hand-pumps as their drinking water. To
keep providing safe water to the households,
the PWS system needs monitoring and timely
maintenance to solve those malfunctions and
issues. However, there are some problems that
lead to insufficient monitoring and a daly of
maintenance work.

These malfunctions and issues lower the
households’ trust in PWS systems, resulting in
the pipeline water being used for many other
purposes, except for drinking. As the tube-wells
are still available for the households and the
households trust that water better, they contin-
ue to use the contaminated groundwater from
their hand-pumps as their drinking water. To
keep providing safe water to the households,
the PWS system needs monitoring and timely
maintenance to solve those malfunctions and
issues. However, there are some problems that
lead to insufficient monitoring and daily opera-
tion & maintenance work.

14

1) The PWS system lacks sufficient water
quality tests for monitoring the system. Reg-
ular testing is generally the task of DPHE, who
does not have sufficient resources for regu-
lar water quality testing at all PWS systems.
Thereby, they conduct laboratory tests, which
are expensive and can only be done at specific
laboratories in the country.

2) The households lack engagement in the
operation, monitoring, and maintenance of
the PWS system. They are not informed about
the operation and maintenance of the PWS sys-
tem. Their drinking water is not tested regularly
and they are not informed about the outcomes.
They also do not demand data or knowledge
if they are too busy or lack knowledge of the
system and of drinking water quality in general.

3) The PWS systems often lack an efficient
monitoring model and operation & mainte-
nance process. Different factors lead to this
problem, including lack of budget, lack of test-
ing, lack of knowledge of the system as well as
lack of trust in the local operator and the sys-
tem’s water quality.

The PWS system needs to have proper opera-
tion & maintenance and regular monitoring, to
supply safe water to Bangladeshi households,
and, by that means, restoring the households’
trust with the pipeline water and switching
the households from drinking contaminated
groundwater to drinking safe pipeline water.

| - Intermittent supply resulting in

- Pipehne leakage could couses
bacternal contamination ta the
water in the pipeline.

standing water in the pipes. it is

- Malfunctioning with
groundwater treatment.

Figure 5, Malfunctions and Issues with PWS system

ensy to form bocteria in standing
wiater.



1.4 Solutions: DELTAP project and TAPP-BDP

project

DELTAP project

The DELTAP project (2016-2020) is an NWO
(Dutch Research Council) funded research
project aiming to reduce arsenic contaminant
exposure of drinking water for households in
India and Bangladesh. The DELTAP project in-
troduced Mobile Crowd Participation (MCP)
approach as one of the solutions to solve the
3 main problems of the monitoring and opera-
tion & maintenance of the PWS system. MCP is
the engagement and participation of end-users
through smartphone applications.

MCP (figure 6) is derived by dr. ir. Doris van
Halem from ‘Mobile Crowd Sensing / Sourc-
ing (MCS)" which means data collection from a
large number of mobile sensing devices such as
smartphones. Compared to MCS, MCP not only
collects data but also shares data from the da-
tabase to the local stakeholders, and stimulates
information sharing between all stakeholders.
MCP engages local stakeholders to participate

Mobile Crowdsensing

Update data

in the monitoring of the PWS system by build-
ing an interactive channel through which local
households receive water quality information,
can request servicing, can pay their water bills,
can interact with each other, can upload water
quality test results, and request for water qual-
ity testing.

MCP could help with the monitoring of the PWS
system. Local PWS system operators could use
MCP in combination with water quality field
tests to provide low-cost monitoring and to as-
sist in operation and maintenance for the PWS
system (Mink et. al., 2019). Furthermore, MCP
helps to organise customer service. MCP could
provide local households access to receive wa-
ter quality information, knowledge of water
quality, service, payment and a water commu-
nication channel. Thereby, it can stimulate the
local households to engage and participate in
the monitoring and operation & maintenance of
their own PWS system.

Mobile Crowd Participation

O perator updote A Operator receive

- woater qualiny 1est result - Cuslemer's test request
AN for customer’s

= HMLST Customer receive

Customer updat Wiater quality test result
Woler quality test e eyt arilarmmea-

request tan

- Feedback to thes PYWS
T P
- PSS maintenonce

SONVICE rog

Figure 6, Mobile Crowdsensing and Mobile Crowd Participation
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A mock-up smartphone application for MCP in
PWS projects has been developed. It is a water
supply application called TAPP.

TAPP-BDP project

TAPP-BDP project is also an NWO-funded
project, aiming at the full design and program-
ming of the TAPP application. It is a follow-up
project of the DELTAP project. Based on the
DELTAP research, TAPPs functions have been
finalised to include service delivery, an educa-
tional package, interaction, payment, and wa-
ter quality testing (Mink, 2020, -a). Within the
TAPP-BDP project two smartphone apps will
be developed; one for the opertor and one for
the consumer, as well as a web-based admin
panel connected to a server. TAPP-BDP will
also help launch the TAPP application to the
Bangladeshi market to enable efficient moni-
toring and maintenance of the PWS system.

Before launching in the Bangladeshi market
and testing in the field, the TAPP application
prototype requires design and development
which is the responsibility of the TAPP devel-
opment team.

TAPP development team

There are different organizations involved in the
design and development of the TAPP app. The
Environment and Population Research Centre
(EPRC) is a multi-disciplinary research, edu-
cation, training, networking non-government,
and not-for-profit organization in Bangladesh,
established in 1998 (EPRC, n.d.). EPRC is the
leading institution of the TAPP-BDP project and
coordinates collaboration with TU Delft and lo-
cal partners (MAX Foundation, Dhaka Universi-
ty, HYSAWA) (TAPP-BDP group. 2019).

From EPRC, Prof. Engr. Bilgis Amin Hoque is
the project leader of the TAPP project. Mr. So-
hel Ahmed is the project officer. From TU Delft,
Dr. ir. Doris van Halem is the project lead of the
DELTAP and TAPP-BDP project, Dr. ir. ].C Diehl
is the supervisor of the designing of the TAPP
application. Dr. ir. Annemarie Mink joined the
project as a postdoctoral researcher and design
lead.

Nayantara Thomas, a Design for Interaction
master student from TU Delft, joined the team
for her MSc graduation project at the faculty
of Industrial Design Engineering, responsible
for designing the water knowledge part of the
TAPP app. Maruf Hossain works in the TAPP
team as an external programmer responsible
for the app and database programming.

This MSc graduation project will further de-
sign and develop the water quality part of the
TAPP app, aiming at solving the problems with
the monitoring and maintenance of the PWS
system using the MCP method. The water
quality monitoring part of the TAPP app could
assist the local stakeholders in engaging in the
monitoring of the PWS in the following way: 1,
Measure chemical contamination concentra-
tion with a smartphone camera in combination
with inexpensive strip test kits, 2, record the
field test result and send the water quality
information to the database, the opertor and
the households. 3, Enable households to en-
gage in the monitoring of the PWS system by
requesting water quality tests and receiving
test results.

17



1.5 Design question & research sub-question

Fordesigning the TAPP app toimprove the mon-
itoring and maintenance of the PWS system, 3
design questions are raised. For each design
question, research sub-questions are initiated
to assist in addressing the design questions.
Design questions & research sub-questions:

1, In which ways can a digital intervention
assist the local operator in testing water
quality and in monitoring the water supply
system?

- What difficulties would a local operator have
with testing water quality with TAPP?

- What should be done in order to ensure the
reliability of the test result?

- In which way would they love to interact with
smartphone applications?

2, In which ways can a smartphone app en-
able households to engage in the monitoring,
operation, and maintenance process of their

1.6 Design process

Bangladesh PWS systems and their problems
in monitoring and maintenance are introduced
in chapter 1. The Current water quality research
methods and the future water quality research
methods suggested by the DELTAP project will
be presented in chapter 2, followed by an anal-
ysis of strip tests and other field test methods,
together with the AKVO technology in chapter
3. Chapter 4 focuses on researching the impact
of Bangladeshi households’ literacy level and
their smartphone usage on the development of
a smartphone application.

After the research phase, three design tasks
and the design requirements for design ques-
tions one & two are concluded in chapter 5,
based on the research in the previous chapters.
Design guidelines for smartphone application
design are presented in Appendix D. Chapter

©6-8 comprises the design phase. Chapter 6
18

own piped water supply systems?

- What information do they want to share & re-
ceive via the smartphone?

- In which way would they love to obtain infor-
mation related to water quality?

3, How would a monitoring model and main-
tenance process work for the PWS system
after implementing the TAPP application and
field test methods?

- What are the key characteristics of a moni-
toring and maintenance model for piped wa-
ter supply systems, which is based on mobile
crowd participation?

- How to maintain the PWS system according
to the PWS status?

These design questions and research sub-ques-
tions will guide the research and design work
of this MSc graduation project presented in this
thesis.

presents the first ideation of the TAPP operator
application, and the TAPP customer application
is presented. The ideas are evaluated, and the
chosen ideas are developed into concepts. The
application concepts are evaluated and iterat-
ed in chapter 7. The final design of the TAPP
applications addresses design questions 1 & 2.
In chapter 8, a new PWS system’s monitoring
model and maintenance process is designed to
answer design question 3.

Chapter 9 concludes the project and gives some
future recommendations for developing the
TAPP application and the monitoring & main-
taining model of the PWS system.

Figure 7 visualises the design process and the
structure of the report. The project consists of
two phases: the research phase (chapter 2-4)
and the design phase (chapter 6-8).

Current situation

Probler [N Design question ——
Solution
D
E
)
L
L
E
Design requirement Lresign gukleline
Eh“f‘:" E‘I Design tasks ——
LIesign one
Design
Application design System design
Chapter &:
App design igea-
tion |
D
Chapter 8: Z
J Iterate A rew monternng et
model and mai T
Chapter 7: el O
Evaluation and with TAPF M
final concept for
TAPP
\ /Duign concepts —
Chapter 9:
Conclusion
Future steps
Figure 7, design process and the structure of the report.
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Summary on chapter 1
Chapter 1 introduced Bangladesh and its

groundwater contamination problem. The
PWS systems were built in Bangladesh to re-
move chemical contaminants and provide safe
drinking water. However, there are still prob-
lems with the PWS system. The DELTAP pro-
ject and TAPP project are working on solving
these problems. One of their methods is using
an application called TAPP. This project will de-
sign the water quality part of TAPP. The design
question and the design process is presented
at the end of chapter 1.

Next step

Aiming at solving the monitoring problem with
Bangladesh PWS systems, the current water
quality test methods will be analysed. After
that, a new test plan given by the TAPP project
group is introduced.

20

Chapter 2
Water quality test for PWS

system

In the Bangladeshi PWS system, water quality testing is currently not sufficiently executed for
monitoring its water quality. Therefore, a new plan of supporting water quality testing was cre-
ated by the DELTAP project team. In this new plan, chemical strip tests and AKVO technology are
used to give a low-cost, quick, and reliable indication of the chemical contamination in the sample
water.

This chapter will provide an introduction to the status quo of the water quality test methods in
Bangladesh, together with an introduction of chemical strip tests and AKVO technology

21



2.1 Current water quality test in Bangladesh

There are two water quality test methods that
are used in Bangladesh now, water quality lab
tests that are done in the laboratories by using
advanced equipment and water quality field
tests which are done by the testers at the field
with portable test kits.

Water quality laboratory test

The water quality laboratory tests (lab tests)
are quantitative test methods to research the
water quality. It gives an accurate result to in-
dicate the quantity of the substance in sample
water, using different lab testing equipment.

In the DPHE laboratory, Atomic Absorption
Spectrophotometer (AAS) is used to test the
most chemical contaminations, including Iron,
Manganese, Arsenic, etc. AAS (figure 8) detects
substances in sample water by applying char-
acteristic wavelengths of electromagnetic radi-
ation from a light source (TFC, n.d.). The AAS
determines the quantity of only one element at
atime and can provide complete results for each
sample in minutes (UseScience, n.d.-a). Bacte-
riological ‘colony count’ can be performed to
detect bacteria contaminations and also Most
Probable Number(MPN) tests, which make use
of incubators and/or UV Light.

Water quality tests give a relatively accurate
indication of sample water quality. But in prac-
tice, there are limitations to arranging lab tests.
Firstly, lab tests are effort-costly as there are
only 14 labs in in Bangladesh. The water sam-
ple needs to be collected and shipped to the
testing lab to arrange a lab test. However, the
DPHE, which is responsible for the water qual-
ity tests, does not have sufficient resources to
arrange enough lab tests for all water supply
systems.

Secondly, the accuracy of lab tests comes at a
high cost. The cost of using AAS to test chem-
ical contaminations at the DPHE lab is 3-4.5
euro (300-450 BDT) per contaminant. This cost
does not include the cost of sampling, which in-
volves water containers, time and transporta-
tion. A lab test at commercial labs can cost 60
- 100 euros (6000 — 10,000 BDT) per test per
parameter. Insufficient budget brings another
difficulty to arrange sufficient lab tests. Due to
the high cost, and required human effort, lab
tests are not arranged regularly to determine
the water quality of PWS systems.

e e——
Figure 8, An Atomic Absorption Spectrophotometer instrument (Picture by UseScience, n.d.)
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Water quality field test

To investigate water quality in the field, also
water quality field tests can be used. These
tests are executed by trained testers with test
kits for different parameters. Field tests are
semi-quantitative tests that do not measure the
precise quantity of a substance but give an esti-
mation of the range of the detected substance’s
presence (Sekisui, 2019). Field tests are more
prone to human errors, including misuse, test
accidents, and inaccurate interpretation of test
results, which influences the accuracy of the
test result. Currently, most NGOs in Bangladesh
use field test kits (mostly strip tests or colour
disk kits), hand-held digital instruments (such
as multi-meters), and different bacteriological
test kits (for presence/absence, most probable
number, or colony count) to test water quality
in the field.

Field test kits

NGOs working in Bangladesh, such as UNICEF,
MAX Foundation and HYSAWA are using field
test kits to test for chemical contaminations
(Figure 9). Sometimes NGOs organize water
quality test campaigns. But testers need prop-
er training before executing field tests with field
test kits. Also Due to constraints in time and
budget, field testing is not performed regularly
by NGOs.

Another type of field test is the strip test. This
test is for most parameters cheaper to execute,
available in smaller quantities (therefore requir-
ing less capital investment to start testing), and
easy to use (less training required). A more de-
tailed explanation of the strip test is provided in
chapter 2.2.

Multi-meter test

A multi-meter can measure pH, temperature,
turbidity, electrical conductivity, etc (figure 10).
The electrical conductivity and turbidity give an
indication of the salinity and dirt in the water.
Testing pH and temperature of the sample wa-
ter is always an essential step for field tests, as
they might influence the outcome. After the first
calibration, to test a particular parameter, the

tester first dips the multi-meter’s sensor into the
sample water and then presses the button for
that parameter. After receiving a stabilised test
result on the screen, the tester records the test
result manually.

Figure 9, HACH field test kit for iron. (Picture by
HACH, n.d.)

Figure 10, Testing sample water with a multi-me-
ter. (Picture by opticsandlab, n.d.)

Figure 11, Execurting bacterialogical field tests
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Bacteriological test

The bacteriological field test is mainly used to
determine the presence/absence (P/A) or the
Most Probable Number (MPN) of the bacteria
in the sample water (figure 11). Bacteriological
tests give an important indication of the sanita-
tion of the sample water and the PWS system.
Chlorine inactivates bacteria and protects the
water from bacterial re-contamination (WHO,
n.d.). Usually, the bacteriological field test will
first test the free and total chlorine in the sam-
ple water. If there is no chlorine in the water,
the water is not protected from bacterial con-
tamination. The tester will test the E.Coli in
water with bacteriological field test kits to pro-
vide an indication for its bacterial contamina-
tion, as E.Coli is perceived as a good indicator
for signalling faecal pollution of water (WHO &
UNICEF, 2012).

Field test
Test methods Field teat kit
Semi-guantitative test
Type of test esfimate the quontity
, Give relioble result, need to
ey ovoid tester's human error
Cost of time 15-4% man
0,53 Ewro (50-300 BLT)
Cost of money per porameter per test
Skill Heeds adequote skills

Comparison of lab tests and field
tests

In comparison, field tests are semi-quantitative
tests that cost less time, money, and human ef-
fort than lab tests. On the other hand, lab tests
are quantitative tests, costing more money and
human effort, but providing accurate results.
Table 1 shows a comparison of testing chem-
ical contaminations with field tests and labora-
tory tests.

[Iﬂ' laboratory

test

Atarmic absarphian spectrs-
photometry (AAS]

Quantitative test
measure the precise guantity

(Grve the most accurate result

3-5 doys for shipping
1-2 min testing

3-4.5 eurp (300-450 BOT)
[ DOrEMElST Pir (85 +
shippirg cost and somphe con
tainer cost

Meeds professional skills

Table 1, Comparison between field tests and lab tests with testing chemical contaminations.
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2.2 Field test and TAPP: methods for monitor-

ing PWS system

The DELTAP project planned to introduce chem-
ical strip tests in combination with the TAPP
application as field test methods to test the
chemical contamination with the PWS system,
as the strip test is an easy to conduct chemi-
cal test which can be combined with a specific
smartphone application technology from the
Dutch company AKVO that provides an objec-
tive reading result for the strip test (for details
on the AKVO technology see chapter 3.1). In this
chapter the strip test will be further explained.

Chemical strip tests

Compared to field test kits, the strip test kits
would be more fit for testing chemical contam-
inations in the Bangladeshi field as they are
easier to learn and can be purchased in smaller
quantities. More operators with sufficient train-
ing could execute chemical strip tests and give
a relatively accurate water quality test result to
monitor the PWS system. The Chemical strip
test kits could test the existence of different
chemical parameters in sample water. It gives a
reliable indication of the sample water’s chem-
ical contamination level within a 3-20 min’ test.

A strip test kit usually consists of containers, re-
agents, manual, and strips with a patch (figure
12, 13).

Compared to colour disc test kits, the strip test
kit would be more fit for testing chemical con-
taminations in the Bangladeshi field as they are
easier to learn and can be purchased in smaller
quantities. This would also mean that operators
of PWS systems can be trained to execute this
chemical strip tests which opens up the possi-
bility for regular monitoring. Thereby, these strip
testsprovide a range for the level of contami-
nation, quite similar to the colour disc method.

Figure 12, Chemical strip test kit((Picture by
Macherey-Nagel, n.d.)
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Figure 13, A visual guidance of the Quantofix Arsenic 10 test kit
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The chemical strip test is usually performed by
dipping a strip into the sample, sometimes after
adding some reagents, and then comparing the
discolouration of the patch with the provided
colour scale on the strip bottle to find a read-

Stap 1r Rinse sampls vials with sampla
walter twice belore cach use

Step 3:0pen onn Toil packet and add
powder contents to vial

Step §:0ip o test siripg inflc sampls
vial and rapidily moveo Back an
underwaler for 15 seconds.

Blep T:immediately compare Lhe
test pad to color chart and
recgord resulis,

Figure 14, steps of doing HACH IRON test
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ing. Figure 14 shows the process of executing a
HACH IRON test. A video of testing with HACH
iron strip test kit can be found at: https:/www.
youtube.com/watch?v=hpTLaqdCzAQ&t=23s.

ﬁnnpu wial HALF FULL with

Slep 4: Cap vial and shake rapidiy for
8 seconds.

Step B Aemove and shake excexs
waler from the fest sirip

bacteriological tests

There are many different bacteriological tests,
ranging from Presence / Absence (P/A) test-
ing, Most Probable Number (MPN), and Colony
Count (CC). P/A testing only results in determin-
ing whether certain bacteria are present or ab-
sent, and not about the quantity. MPN testing
results in a semi-quantitative analysis of bac-
terial contamination but often requires UV Light
and/orincubation of the sample. It also requires
a certain amount of training. CC testing gives
an accurate count of the bacterial contamina-
tion, often of different bacteria simultaneously,
and requires incubation / UV light / cold stor-
age of the test, costly equipment, and extensive
training and hygienic working circumstances.

When setting the following requirements, only
a limited amount of tests remain:

- PWS operator should be able to execute the
test with a limited amount of training

- The possibilities for contamination of the sam-
ple should be limited

- No costly equipment should be required

- Cold storage is no option

- Cost should be as low as possible

These are the H2S P/A test, The CHROMagar
P/A test, the Whirlpak MPN test of mWa-
ter, the Compartmentalized Bag MPN-test of
Aquagenx, and the compact dry E.Coli CC test
and Charm Sciences Peelplate. The MPN tests
are the most expensive but easiest to conduct
in field circumstances. The Compact Dry EC
plate is much cheaper but requires more train-
ing, hygienic circumstances, and specialized
equipment. P/A tests are relatively cheap and
can provide a good indication.

As most PWS systems in Bangladesh use chlo-
rination to remove microbial contamination,
the easiest option is to use a chlorine strip test
to see if sufficient chlorine is left in the water
to prevent bacteria from growing. This test is
quicker than a P/A test. If insufficient chlorine
is left, an MPN test might come in useful if the
further specification of the number of bacteria
is required to adjust the chlorination dosing.

TAPP

Besides introducing chemical strip tests, the
DELTAP project will also introduce the TAPP
application to assist water quality field tests as
the TAPP application could improve the accu-
racy of the strip test results and manage field
test results.

TAPP assists in managing test data by collect-
ing field test results and information with a sur-
vey. It also enables collecting photos of the test
strip together with the colour scale to back up
the original test result for checking. Moreover, it
introduces distant monitoring by DPHE, NGOs
and other organizations, as the strip test results
and the back-up picture will be uploaded to a
database.

Using TAPP could also improve the accuracy
of the field test result. First, TAPP could provide
guidance to the field tester during field tests
to execute the test correctly. Secondly, TAPP
will use a strip reading technology developed
by a Dutch company, AKVO, to give an objec-
tive reading result to the strip with smartphone
camera and an AKVO reference card (figure
15). An objective reading result of the test strip
could validate the tester’s subjective reading re-
sult, which might slightly vary by different test-
ers. Testers could also use the objective reading
result as a reference when they decide on the
final test result. Lastly, this function is special-
ly designed for dealing with different situations
in the field. More detailed information on the
AKVO technology is provided in chapter 3.1.

Figure 15, Give objective reading results (Picture by
AKVO n.d.)
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A plan for testing chemical contamina-
tion

To conclude, the DELFTAP projectdecided to use
chemical strip tests together with multi-meter
tests and bacteriological tests to involve more
PWS system operators in doing water quali-
ty tests, enabling regular water quality testing
and efficient monitoring to the PWS system.
TAPP applications will assist water quality field
tests in three ways, 1, guiding test procedure, 2,
collecting test data. 3, Give objective strip read-
ing results.

Different chemical strip test kits have been se-
lected by Annemarie after validating the ac-
curacy of the strip test result. The function of
assisting water quality field test is in the wa-
ter quality monitoring part of the TAPP, which
will be designed in this project. More research
about field test procedures and the AKVO tech-
nology is arranged to find insights for designing
the TAPP application. This research is shown in
chapter 3.
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Summary on chapter 2

In chapter 2, the current water quality methods
in Bangladeshi is introduced. These methods
include water quality laboratory tests and wa-
ter quality field tests. One reason the current
field test has not been done regularly is that it
is difficult to learn by more people.

To enable more water quality field tests and
regular monitoring of the PWS system. The
DELFTAP projectteam decided to introduce wa-
ter quality strip tests, which are easy to learn as
chemical contamination field test methods. The
DELTAP project team also plans to use TAPP to
manage test data and improve the accuracy of
the test result.

Next step

To design the water quality monitoring part of
the TAPP, an analysis of the field test and the
AKVO technology will be done and shown in
chapter 3.




Chapter 3
Analysis of field test

After having a basic understanding of the water quality test methods, this chapter will further re-
search testers’ experience and difficulties with performing field tests and using AKVO technology.

The goal of analysing the field test kits and the AKVO technology is to address the research-sub

question for design question 1, What difficulties would a local operator have with testing water
quality with TAPP?
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3.1 Analysis of AKVO technology

The AKVO technology will be implemented in
the TAPP application to give an objective read-
ing result of the test strip with the following
steps.

1, Calibrate the smart phone camera with
AKVO reference card.

2, Execute the test

3, Use the smartphone camera and the AKVO
reference card to read the strip, get an objective
reading result.

4, Submit the result.

Figure 16 shows how AKVO technology helps
the testers execute the test by reading test
strips, collecting, and uploading test data. The
objective reading result given by AKVO tech-
nology has been proved to be accurate in most
lighting conditions (van Oorschot, 2017). On the
other hand, according to Mink (2020), AKVO
technology may bring the following difficulties
to the test process in some cases.

Calibrate Reads

The AKVO technology has difficulties with
reading test strips in unideal lighting condi-
tions.

When the lighting conditions are not ideal (too
sunny, too cloudy, or when the dusk sets in), the
test strip reading is difficult, and the app some-
times even fails to give a result. This difficulty
might also influence the objective reading re-
sult. Suppose it takes too long to calibrate or
read results in an unideal lighting condition, in
that case, the discolouration on the patch might
change, thus influencing the objective reading
result given by the application. It is therefore
best to perform the tests between dawn and
dusk and to perform the task in the shade be-
tween 12pm and 2pm - when the sun is at her
highest point.

o mas m ko
T S Ly
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reading result

Figure 16, AKVO technology with giving objective reading results.
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Figure 17, A scenario of how lighting conditions might change during the test and influence the applica-

tion calibration & reading test strip.

Current app calibrating process might influ-
ence the reading result

Currently, the tester will first calibrate the
smartphone camera with the reference card,
then executes the test and reads the test strip.
However, a strip test can take up to 20 minutes,
and if the lighting conditions change during the
strip test execution. (Figure 17). Different light-
ing conditions during the calibrating and read-
ing influence the objective reading result.

The TAPP developmentteam decided to change
the order of the calibration step to minimize the
change of lighting conditions during calibration
and reading strip. When using TAPP, testers will
first execute the test, then calibrate the camera
and read the test result (Figure 18). The calibra-
tion and reading steps should not take longer
than 5 minutes, in order for the patch not to dry
out and change colour (van Oorschot, 2017).

MNew calibrating & strip reading process designed by TAPP group

Step

Testing

Calibrating Reading result

Figure 18, New calibrating & reading process designed by TAPP development team.
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Figure 19, Nayantara & Cheng doing bacteriological tests (Picture by A. Mink, 2020).

3.2 Evaluation of test kit

To understand the process of doing water qual-
ity field tests, to find difficulties and challenges
with the field tests process, the TAPP design
team (Annemarie, Nayantara, and Cheng) ex-
perienced the test kits used in the Bangladeshi
field at the water Laboratory, TU Delft, faculty
of Civil Engineering and Geosciences.

Research methods
The following test kits will be used in Bangla-
desh, for the TAPP project:

1, Multi-meter test:

- EZ-9908 TDS/PH/EC/Temperature 4 in 1mu-
litimeter.

2, Bacteriological test:

- E.Coli Compartmentalized Bag Test(CBT)
EC+TC MPN kit from AquagenX.

- PathoGel test kits from Charm Science.

- Compact EC dry plate.

3, Chemical strip test:

- QUANTOFIX® Arsenic 10 from Mache-
rey-Nagel.

- The SenSafe Manganese test strips

- HACH iron strip test kits with AKVO technol-

ogy
- HACH chlorine strip test kits.

Annemarie, who has done different water qual-
ity field tests for around 2000 times, shows the
visual guidance to Cheng and Nayantara and
guides them to execute water quality tests
(Figure 19). Cheng has executed the HACH
iron strip test with AKVO technology 2-3 times.
Nayantara has almost no experience with field
tests. During each test, they could speak out
loud about their test experience. After each test,
there is a small discussion about each field test.

The experience and analysis of the different
tests took 5 hours. After the testing, Annmarie
incubated the bacteriological tests to get the
result after 48 hours.

Guidance on how to execute field tests
could be found at Appendix A.
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Result

The team found several difficulties with execut-
ing the different tests, which are summarized in
figure 20, and further explained below.

Small issue

Small izssue

Vital = Manual in the HACH iron test kits did not explain
1 .i- Prepare explicitly
Vital Manuals miss guidance of the test set-up step.
.
2 g React
3 = Compare - Dhthcult to give an accurate subjective reading
u Vital
. the result result
important - Field test share similor operation thot are easy to
mix
E 1
* = | Other
: :: . problem Smallissue - The guidonce doesn't have a unified style.

- Small problems that influence the test experience:
Lack of distinctive guidance on test kit packoge

- Visual guidance in the manual misses important
information. (E.Caoli ([CBT) EC+TC MPN kit)

---------

- Some test step is too long and might neeads
timerfwatch

- Traditional poper-based test guidance has o
limited way in guiding the test

Figure 20, Difficulties with executing the field test.
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These difficulties include

Vital problem: Manual in the HACH iron test
kits did not explain explicitly.

The HACH iron test kits have unclear explana-
tions to indicate the required amount of water
(Figure 21). The guidance states “fill half of the
vial,” however, the guidance does not give a
clear explanation about half of which part of
the vial. And the vial also does not contain a fill
indication. Such guidance would make testers
misunderstand the test process and therefore
bring vital mistakes to the test results.

B DS HALF of res vid! o LR AW |

Figure 21, Ambiguity during the test caused by an
unexplicit guidance.

Vital problem: Manuals miss guidance of the

test set-up step
Most test guidance misses proper guidance of

1,2 3

the field test set-up, such as cleaning the kit
properly in the field before and after the test.
Missing these steps may have a vital influence
on the test result. The test guidance in the TAPP
application should include these steps.

Vital problem: It is difficult to give an accu-
rate subjective reading result

Sometimes, the tester has to estimate the test
result when the patch’s colour falls between
two colour blocks on the colour scale. It is very
likely to give an inaccurate result when test-
ers estimate the test result. According to Mink
(2020), different testers give different subjec-
tive reading results to the same test strip since
people interpret colours differently. Therefore,
subjective reading result of the strip based on
visual interpretation vary slightly per tester.

Important problem: Field test share similar
operation that are easy to mix

The field tests share similar test procedures.
This does make it easier to learn different field
test kits (figure 22). On the other hand, similar
test procedures also increase the chance of
mixing up steps and making mistakes.
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i 7 ¥ =
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B s —
S React Prepare for Compare the Record result &
Lyt Incubate comparison result Finish the test
- Hinse - Wvait - Shake - Compare - Record
- Sanitize - Tilt - Record imoge
- Dip - Clegn
- Dipfimmerse - Move - Decontamination
= Acd
- Open bag
- Shake
- Move

Figure 22, Common steps and operations with water quality field test
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Small problems that influence the test expe-
rience: Visual guidance in the manual misses
important information.

The visual guidance of the E.Coli (CBT) EC+TC
MPN kit from AquagenX miss some information
(figure 23). The testers have to recap the de-
tailed text guidance, making the recalling pro-
cess less efficient and tedious.

Small problems that influence the test expe-
rience: Lack of distinctive guidance on test kit
package

There is a lack of guidance with the packages
of test kits. The SenSafe Manganese strip test
kits have multiple strips (figure 24). A lack of
distinctive visual guidance on the kit package
adds difficulties when the testers need to rec-
ognise different strips.

LlLla

"

Figure 24, SenSafe Manganese strip tests kit

Small problems that influence the experience:
The guidance does not have a unified style.

The test kits from different suppliers may have
different names and visualisation for the same
items and operation. Also, different visual styles

summarise test steps with different logic. The
tester has to understand and get used to dif-
ferent visual styles when they go over the test
guidance. Figure 25 shows different visual
styles to visualise the test step (“wait XX min-
ute”). These different visual styles might add in-
convenience while reading test guidance.

o

[c]
B

Figure 25, Different visualisation styles about “wait-
ing for a certain time”

Advice on application design: Some test step
is too long and might needs a timer/watch

A timer or a watch is needed to measure the
time in some test steps that take a relatively
long time, such as “Dip strip #3 for 30 * sec-
onds, pull out, wait 3 minutes for the colour to
develop”. According to Annemarie, if testers
only have one smartphone, they have to switch
between smartphone timer and test applica-
tions in the field.

Adding a timer in the application would im-
prove the test experience. However, only if the
timer can be stopped in between. Experiences
in the field demonstrated that if a mistake is be-
ing made in between and the tester has to wait
for the timer to finish first, this leads to time loss
and frustration.

Text + visual guidance Full guidance
Add Aguogens® EC+TC  growth medium to somple in
FOE P SO Dl P Thig-Bag™ ?
= » Open growth medium pocket with scissors. and pour
g powder groswth medium into Thio-Bog, Do not towch growth

— — miedium with bare fingers or honds. Growth medium should
not be added to somple before you are ready 1o begin test
procedure
» Roll down Whirl-Pak seol and close Thio-Bag shut
# Dissabqae rmediam in SOMpie. G-:_l'lll':,- cyrl the ':_:r_|-:_| unfl the
medium is completely dssalved. You can squeeze any clumps
of powder to help them dissolve mone gueckly

Figure 23, A visual guidance of one step of the Aquagenx® EC+TC F/A test that misses vital information.
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Advice on application design: Traditional pa-
per-based test guidance has a limited way in
guiding the test

Traditionally, the test guidance is printed on a
paper with text and sometimes with visuals.
However, there are other methods to deliver
guidance, such as audio, video, animation, vir-
tual reality, etc.

Discussion

The test is done at a laboratory in TU Delft.
However, doing a field test in the field may
bring different experiences than doing field
tests in a laboratory. The insights about how
the field test is done in the field are mainly
concluded from the DELTAP team’s experienc-
es in conducting research in Bihar, India and
Bangladesh. To research the tester’s experi-
ence in the field, more research is needed.

Conclusion

Currently, there are several difficulties with
performing field tests and using applications
to assist field tests. Most difficulties with per-
forming field tests are caused by the design of
the test guidance. These difficulties can nega-
tively influence the tester’s testing experience
and even bring mistakes to the test result,
influencing the reliability of the test results.
The test guidance and test process need to be
redesigned to solve these difficulties. In chap-
ter b, the design requirements for a redesign
based on the results found during the evalua-
tion of the field test kits are provided.

3.3 Local experience with water quality field test

Using water quality field strip tests seems an
ideal way to research the water quality of dif-
ferent PWS systems. However, how would wa-
ter quality field testing work in Bangladesh with
local households?

Research methods

In 2017, the DELTAP research team and A.N.
College Patna, India, arranged 60 Indian rural
households in seven villages in Bihar to learn
how to perform HACH iron strip test with AKVO
caddisfly and AKVO flow. AKVO caddisfly is a
smartphone app that uses AKVO technolo-
gy to record objective test results. AKVO flow
uses surveys to manage test data. The house-
holds performed the test every day for 6 days
in a row and were then re-visited to execute the
test again while being video-recorded. Their vi-
tal mistakes that would influence the test result
are recorded and being analysed.

Figure 26, Local households perform strip test with
smartphone app. (Picture by A. Mink, 2017).
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Result

As the test result shows, the surveyed Indian
households have difficulties with performing
chemical strip tests in combination with the
AKVO application. They made some vital mis-
takes that influence the accuracy and submis-
sion of the test result (figure 27)

With using AKVO applications, most mistakes
happened at:

- starting the survey.

- saving & submitting test results.

When local households execute the water qual-
ity test with the strip test kits, most problems
took place when they:

- Rinsing the sample vial.

- Performing the test steps with correct ac-
tions (the amount of time, the amount of wa-
ter).

- Performing the steps that may easily get
missed.

Conclusion

Based on these mistakes, the design of the app
can help the local households in Bangladesh to
avoid those mistakes made by the Indian local
households. The TAPP app should provide wa-
ter quality surveys that are easy to start and
save. Also, TAPP should provide Bangladeshi
households with high-quality guidance that
could help them diminish or even avoid those
vital mistakes made by Indian households.

Mo rinse [/ not properly rinse

3 Test

- Prepare

Add wrong amount of water
Shake for wrong time

Shake with wrong action

Stir the strip for wrong time

Compare
the result

S5 Test |H

Forget to shake excess water

* Confuse on how to do the test 5%

Figure 27, Overview of the households’ vital mistake during a water quality test.
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3.4 Expert interview

To get insights into how the test guidance in
the TAPP app should be designed, interviews
with the expert water quality field tester are
arranged to understand how experienced field
testers feel about the existing test guidance
and which difficulties they experience when
executing field tests in the field.

Six field test experts participated in the ex-
pert interview. Three testers are TU Delft, CiTG
students who executed around 100 strip tests
in Bangladesh in 10 days in 2018. They have
experience with using HACH Iron strip test
and QUANTOFIX® Arsenic 10 strip test from
Macherey-Nagel.The other three field test ex-
perts are from AN College, Patna, India. In April
2017, they executed approximately 200 strip
tests in Bihar, India. They have experience with
using HACH Iron strip test and QUANTOFIX®
Phosphate strip test from Macherey-Nagel

The research questions for the expert interview
were:

What difficulties did the testers experience
while executing the water quality field strip
tests?

How would the testers use the guidance be-
fore the test?

Method

Influenced by the covid-19, all the interview is
done online through Skype. Interview questions
are created before the interview. During the in-
terview, the testers will first describe the test
procedure without going over the guidance to

see which parts are easy to forget. Then differ-
ent questions are asked to the participants.

All the interview questions can be found at

Appendix B.

Result

By interviewing tester’s test experience and the
difficulties they had during water quality field
tests, these insights are found:

- Testers usually put more effort on memoris-
ing the detailed informations in the guidance
There are two kinds of information in the test
guidance, operational information and detailed
information. Operational information refers to
information that guides the tester on how to
operate the test kits. Detailed information is the
detailed requirement of a test step. The detailed
information in guidance might include:

The amount of water

The amount of time interval
The amount of reagent

The types of reagent

Figure 28 shows an example of a field test guid-
ance consisting of operational information and
detailed information. This detailed information
is relatively easy to forget and mix up compared
to operational information. When testers learn
or memorise the field test process, they would
put more effort on memorising the detailed in-
formation in the test guidance.

Using the syringe, fill 3*10 ml somple solution into the reaction vessel.

Detailed
information

Operational
information

Figure 28, Test step of QUANTOFIX® Arsenic 10 kit

Operational
information
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- Testers have various needs when memoris-
ing test process

From the interview, different memorising meth-
ods the testers would use to memorise the test
process are concluded. They are: learning, re-
capping, and recalling. Learning means gaining
the skills of executing field tests by seeing or
experiencing a field test. Recap is briefly going
over a few points the testers forget. Recall re-
fers to going over the field test guidance care-
fully to bring back the memory about the test
process when the testers forget most of the test
process. Testers have various needs with differ-
ent memorising methods. The design of the app
should fit the user’s needs for learning, recap-
ping, and recalling.

During the interview, a video on guiding the
HACH iron test is shown to the testers. It is a
2:30 min video with text subtitles. In the video, a
narrator explains the test process and performs
the HACH iron test. The participants compared
the video guidance with the guidance they used
before (text guidance or text + visual guidance).
The testers felt that the video is an efficient me-
dium of teaching testers with no experience
since the video clearly shows the test process-
es and details. However, after learning the test,
the testers desire a quick and easy way to go
over the test process and grab information be-
fore the field test. They would choose a text and
visual guidance for recapping and recalling.

- Field tests face lots of uncertainties

During the field test, most mistakes that influ-
ence test results happen due to the uncertain-
ties in the field, such as a sudden strong wind or
dust falling into the vial accidentally. It is quite
challenging to avoid these accidents, and these
problems are not easy to solve with designing
a better guidance.

40

Conclusion

During the expert interviews, the main finding
is that there are different phases in the learn-
ing curve of the test process which support the
tester to memorise the test process. To con-
clude the expert interview result, a learning &
forgetting curve is made to visualize the pro-
cess of learning and memorising the field test
steps. Three personas are created to summa-
rise how testers memorise / recap the test steps
differently.

- Learning & forgetting curve for field tester
The learning & forgetting curve (figure 29) is
concluded from the tester’s answers about how
they learn and forget the field test process. It
visualises the process of how the tester's mem-
ory on the test process declined over time and
retained with conducting tests and reviewing
guidance.

RECAp  Recap Recap

At the beginning, testers with no experience
would learn the test process by a training, con-
sisting of watching professionals performing
field tests and then experiencing the kits them-
selves. Once they learn the field test process,
they will remember the test if they execute the
field test frequently. The testers’ memory on
the test process declines without any testing
or reviewing the guidance. After a few days, if
they are not confident with remembering a few
parts of the test process, they will recap the
parts they forget.

After 1-2 months without doing any field test or
reviewing field test guidance, they might forget
most of the test process and not be able to di-
rectly start the field test. Before performing the
field test, testers need a careful recall of the test
process by reading the test guidance.

Recap

i ¥ §

The learning & forgetting curve summarises the
way testers learn and forget the test process.
There might be slight differences between peo-
ple in how they learn and forget a test, but the
learning & forgetting curve could conclude most
cases.
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Figure 29, the learning & forgetting curve of remembering a water quality test.
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User persona

Testers recall and recap the test guidance dif-
ferently before the test. Three personas are cre-
ated based on the tester’s recap & recall habits
to summarise different recap and recall pro-
cesses.

Persona 1:

Alex (figure 30) has an average memory of
both the test operation and the test details. He
did not have confidence in executing the test
without recapping the test process before the
field test. He will recap both the operational in-
formation and the detailed information in the
guidance carefully before a field test. Four out
of six field testers recap test procedure as Alex.

Persona 2:

George (figure 31) could quickly remember the
test steps and details. However, he also forgets
it fast. After 2-3 days without doing any water
quality tests, George might forget most of the
test process. To start the testing, he needs to
recap the test guidance and memorise the test
steps carefully. If he does water quality tests
continuously, he could test without recap the
test process. One out of six field testers recap
test procedure as George.
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Alex Operational
information

Hemember: 70%

Could remember
most of the test
operation,

Figure 30, persona type 1: Alex
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Persona 3:

John (Figure 32) is good at remembering the
test operations. However, he has difficulty
memorising the details of the steps. Therefore,
he will quickly recap the detailed information in
the guidance before he starts a field test. One
out of six field testers recap test procedure as
John.

Due to the limited sample size of the expert
interview, the personas also represent user
groups with small sample size. During con-
versation with Annemarie, she mentioned
some testers are over-confidence and tend to
skip guidance and make mistakes. But all the
interview participants have not made this kind
of mistake. To validate the current personas
and add more types of persona, more research
about the Bangladesh operators’ recapping
and recalling habits needs to be done.

The test guidance design should fit the recap &
recall habits of different testers and provide the
information differently to fulfil various recap-
ping & recalling needs.
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Figure 31, persona type 2: George
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Figure 32, persona type 3: John
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Summary on chapter 3
Chapter 3 first analysed the AKVO technology
that helps to objectively read test strips in the
field and to store the data in a database. Then,
an evaluation of the test kits is performed and
explained. More insights are concluded from
previous research of local Indian households’
test performance and expert interviews of ex-
perienced field testers.

A learning and forgetting curve and three per-
sonas were created to conclude how testers
learn and memorise the test procedure. Some
design requirements based on the information
in this chapter can be found in chapter 5.

Next step

After this analysis of the tests, test technology
and test behaviour, the research will now fo-
cus on investigating Bangladeshi households
to discover how the TAPP application should
be designed and how to build a communication
channel for Bangladesh households to partici-
pate in the monitoring of the PWS.
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Chapter 4
Reserch of bangladeshi
households

To implement the Mobile Crowd Participation (MCP) method for the TAPP-BDP project, a smart-
phone application will be designed in this project. Chapter 4 will focus on the research with the three
different project areas of implementation for the prototype app, along with Bangladeshi house-
holds’ smartphone usage to conclude the list of design requirements for the application design.
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4.1 Baseline survey: Target areas context

There are hundreds of PWS systems in Bang-
ladesh. Different PWS systems from Faridpur
(peri-urban area), Bagerhat (rural area), and
Kurigram (peri-urban area) are chosen as the
target areas for the development and testing of
the first version of TAPP. After implementation
in these three target areas, the TAPP will be it-
erated and then implemented in other Bangla-
deshi areas.

Methods

In order to start the TAPP project and under-
stand the target users from those three areas,
a baseline survey researching the households’
daily water usage, mobile phone ownership
and usage, and the attitude towards the TAPP
project is conducted by EPRC (2019). The par-
ticipants of the baseline survey are users of dif-
ferent PWS systems. There are 88 participants
from Faridpur, 40 participants from Bagerhat,
and 82 participants from Kurigram. The survey
result was analysed in order to find perspec-
tives for further research.

Result

By analysing the baseline survey results, the
following insights were found. Due to the lim-
ited sample size, the findings from the base-
line survey are still hypotheses. Research with
a larger sample number is required to validate
these hypotheses.

Households’s eductionl level

There is a difference between the educational
level and the literacy level between the three
target areas(Figure 33). People’s literacy level
is usually linked to their educational level since
receiving systematic learning at school is one
of the main methods to improve literacy. The
baseline survey results show that in Kurigram,
22% of the participants are illiterate (only edu-
cated to write their signature), and 3.6% of par-
ticipants are semi-literate (their education level
is below class 5). While in the other two areas,
the percentage of illiterates is 6.8% (Faridpur)
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and 5% (Bagerhat), and of the participants, no-
one turned out to be semi-literate .
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Figure 33, Percentage of illiterates and semi-liter-
ates in the 3 different project areas

Educational level seems to affect people’s in-
come. Figure 34 shows in Bagerhat, people
with lower educational levels are more likely to
have lower average incomes than those who
receive higher education. The other 2 regions
also show the same pattern.

Average income of households with different
aducational background in Bagerhal
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Figure 34, The average income of households with
different educational background in Bagerhat

Households’s Mobile Phone usage

There is a difference in households’ smart-
phone ownership in different areas. Smart-
phone ownership in Kurigram (48%) is lower
than in Bagerhat (70%) and Faridpur (77.3%).
One factor influencing smartphone ownership
might be average income, which is lower in
Kurigram than in the other areas. The house-
holds’ educational level might be another fac-
tor that restricts their access to smartphones.
Within the same region, households with low
literacy levels are less likely to own a smart-
phone (figure 35).
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Figure 35, Smartphone ownership of Kurigram
households with different educational backgrounds

Some smartphone users in Bangladesh some-
times do not know and use applications, only
call and receive messages. In Kurigram, about
62% of smartphone users know smartphone
applications, and smartphone users with high-
er education levels are more likely to know ap-
plications (figure 36).
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Figure 36, the percentage of Smartphone users who
know smartphone applications in Kurigram.

For households who own smartphones, the
households would always share the smart-
phone. However, smartphones tend to be
mainly used by men. For instance, in Bager-
hat, 78.5% of smartphones are mainly used
by men, and only 14.2% of smartphones are
mainly used by women. 7.1% of smartphones
are shared within households.

In Bagerhat and Faridpur, 37.5% and 32.5% of
participants would like to use a mobile appli-
cation to do water quality tests, get test results
and price. It is the user’s second favourite func-
tion out of seven functions (1, Pay 2, Test re-
sult / price. 3, Contact with supplier. 4, Contact
for complain. 5, Product price service charge. 6,
Health tip. 7, Awareness) related to water safe-
ty and water management.
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Discussion

By analysing the baseline survey of the three
target areas, some insights about how educa-
tional level probably influences literacy level,
income, smartphone usage, and application
usage are found. However, in practice, house-
holds’ smartphone and application usage
might be influenced together by several other
factors as well, such as job, income, family cir-
cumstances, etc.

Due to the small sample size, the insights still
need to be validated with further research

Conclusion

To conclude, the baseline survey provided infor-
mation on the households’ educational level, in-
come, smartphone usage, and their knowledge
about applications. Table 2 shows a summary
of the baseline survey result.

Faridpur
Literacy level literote:; oround 93, 2%
Average income 26636
Smartphone users 77.3%
——

Table 2, summary of the baseline survey result.
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There is a need for a mobile phone app that
could help the users to do water quality tests
and get water quality results. However, house-
holds with a low educational level may lack ac-
cess and experience with using smartphones
and smartphone applications, bringing chal-
lenges to the design and the implementation of
the TAPP app.

To design an application for the target areaq,
Bangladesh rural area, the household’s educa-
tional level needs to be considered. Further re-
search of households with low education level
is required before designing the application.

Bagerhat Kurigram
terote: around 959 tarate: arsund 7d, 49
s T 18548.78
FOH: 48%

B/ 9% 61.55

4.2 Literature review

Bangladesh households in rural areas are more
likely to have a low educational level, bringing
challenges to the design of the application. A
literature review is done to further study how
households’ educational levels influence their
daily lives and smartphone usage.

Methods

People with less school training are referred to
as functionally illiterate since they have difficul-
ty being functionally successful in society due
to the lack of sufficient reading, writing, and
calculating skills (van Linden, 2008).

They might fail in some everyday tasks, such as
reading news, filling in forms, using ATMs, etc.
The functionally illiterate may also have difficul-
ty in using ICT devices as they have low digital
literacy and insufficient cognitive skills and so-
ciological skills in using ICT (Eshet, 2004).

The below presented literature review aims to
investigate functionally illiterate households by
studying how their daily lives and ICT usage get
influenced by being functionally illiterate. The
findings from the literature review will be used
to conclude the design guidelines presented in
chapter 5, which guide the TAPP app design.

Result

Influence on daily life

Being functionally illiterate, households with
low education level got largely influenced in
their daily life regarding the following aspects:

The households’ poorly developed reading
and writing skills significantly influence their
capacity to temporarily memorize verbal se-
rial-order information (Smalle et al., 2019).
By comparing the literate group and illiter-
ate group’s performance on verbal and visual
learning tasks, Smalle (2019)’s research shows
that short-term memory on verbal serial-order
information is influenced by literacy level. Azizi
(2013)’s study also indicates that the illiterate

group performs less on memorizing verbal in-
formation, compared to a literate group.

Functional illiterate groups have lower cog-
nitive processing speed and have difficulty
in dividing attention and keeping focus. The
result of illiterate & literate groups’ performance
on the Rey Complex Figure Task (Rey, 1941, as
cited in van Linden, 2008) indicates that the il-
literate group’s cognitive processing speed is
lower than the speed of the literate respond-
ents (van Linden, 2008). The literacy level af-
fects brain organization to efficiently perceive
both written symbols and spoken language
(Dehaene, 2015). The result between the illiter-
ate & literate group’s attention tests shows that
the illiterate group is less capable of keeping
their focus and dividing their attention to two
separate tasks (van Linden, 2008).

The illiterate have the same self-efficacy as
the literate group. Self-efficacy refers to a per-
son’s belief about their capability of doing cer-
tain tasks. Utilizing a self-efficacy scale, Van
Linden (2008) found that, though the illiterate
group feels anxious about using technology,
the illiterate group has the same self-efficacy
level in general as the literate group.

llliterate might have difficulty understanding
abstract ideas and items. Poor language skills
and a lack of educational experience makes the
illiterate have an unorganized mental hierarchic
structure to understand and represent the world
(Katre, 2006; Kulakov et al., 2002). According to
Katre's research (2006) an unorganized mental
structure might make that illiterate people dif-
ferently interpret abstract images, since they
had difficulties with getting an overall summary
of items and ideas.
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Influence on ICT usage

By doing literature reviews, some insights about
what difficulties the functionally illiterate might
have when they use ICT devices are found.
These difficulties include:

Functionally illiterate groups have difficulty
in learning ICT devices. Medhi (2010,-a) found
among 56 participants, that llliterate groups
from India perform worse than literate groups
on both specific learning tasks and learning
from similar tasks. Familiarity with ICT devices
help the illiterate group to feel comfortable and
confidentin learning to use new ICT or complex
machines (Medhi, 2010-b). A lack of access and
acquaintance with smartphones and smart-
phone apps makes it more challenging for the
illiterate group to learn a new application.

Functionally illiterate groups have difficulty
navigating through apps. Low literacy lev-
el has shown to have a negative influence on
people’s spatial orientation skills (Matute et al.,
2012; van Linden, 2008). These less-developed
navigation skills also make them have difficulty
navigating through the website and interface
(Neerincx et al., 2001). llliterate users under-
stand linear navigation structure where differ-

4.3 Telephone interview

After the literature review about understanding
the effect of low literacy levels on people’s dai-
ly lives and ICT usage, a telephone survey was
developed by the TAPP design teamto obtain
a better understanding of the local households,
their daily water usage, ICT usage, and their
understanding of the PWS system they use.
The interview aimed at finding guidelines for
the TAPP application design.

Methods

The TAPP design team (Annemarie, Nayan-
tara, and |) initiated the interview questions to
research the TAPP target users. The following
five aspects were investigated: 1) Background

information, 2) information & communication,
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ent screens are accessed sequentially better
since the research of Medhi (2010-a) illustrates
that illiterates understand the linear structure
like the pages of a book.

Discussion

The literature review comprised published re-
search to study how the functionally illiterate
group’s daily lives and ICT usage is influenced
by their low educational level. However, the
literature review only provides general conclu-
sions. More research is needed to better un-
derstand the households’ ICT usage habits and
daily lives. The study should focus on what ICT
device/application they are familiar with and
what ICT device they would feel easy to use.

Conclusion

To conclude, the functionally illiterate group has
weak short-term serial memory skills and lower
cognitive speed. They might have difficulties in
keeping their focus and understanding abstract
ideas and images. The functional illiterate also
may have problems with learning new applica-
tions and navigating through the application. A
detailed research about their smartphone us-
age should be executed, which is presented in
the next chapter, chapter 4.3.

3) drinking water & water safety, 4) PWS sys-
tem usage, 5) technology usage. The full list of
interview questions is included in Appendix B.

The interview aimed to answer the following
research questions for this project:

Information & Communication

How can information about water quality be
communicated through an app to rural commu-
nities in Bangladesh?

How can water quality testing procedures be
communicated to operators of the PWS sys-
tems through an app?

Drinking water & Water safety

What does water safety mean to Bangladesh
people who live in rural areas? What do they
care the most about related to water safety?

Technology

What are the difficulties of Bangladeshi piped
water users in using ICT? What factors may in-
fluence them to learn and use ICT devices?

The interview was revised and translated into
Bengali, then Mr. Sohel Ahmed from EPRC con-
ducted the interviews. Influenced by the lock-
down policy responding to Covid-19 in Bang-
ladesh, the interview could not be done in the
field. Mr. Sohel conducted telephone interviews
instead of face to face interviews.

8 participants aged 27-55 from the Faridpur
area were recruited for the telephone interview.
The participants include smartphone users and
non-smartphone users with different educa-
tional backgrounds (from class 8 to master’s
degree). 6 out of 8 participants own a smart-
phone, and 5 out of 6 smartphone users have
regular internet connection and use smart-
phone applications.

The full interview question (English) is in-

cluded in Appendix C.

Result
The following key insights are concluded from
the interview outcomes.

Participants desire water quality tests and
test results. 6 out of 8 participants did not have
their water supply tested before. 1 out of the 2
participants who have had their water quality
tested has not received the water quality test
result. 7 out of 8 participants indicated to desire
regular water quality tests and test results.

Participants desire trustworthy information
related to drinking water quality. Households
would love to receive more information about
their drinking water quality. They demand con-

tamination information regarding their drinking
water, such as whether it is safe to drink and
how their drinking water gets contaminated.
Participants would also like to receive more in-
formation about the consequences of drinking
polluted water, affordable water purification
methods, and safer drinking water sources.
Participants will trust information if the data
comes from trustworthy sources, such as wa-
ter suppliers and pourashava (Municipality in
Bangladesh).

Households would share information related
to water quality. 7 out of 8 participants have
shared the condition of their drinking water
within their community. 7 of them would like
to share unfavourable water conditions to find
whether community members have the same
issues, including bad quality drinking water,
bad smell and dirt in the water.

Participants desire a ‘light’ app. Since partic-
ipants do not connect with Wi-Fi but only use
limited internet data packages (1GB-5GB per
mount), and have no place to store their phone
data, the households care most about internet
data usage and the space an app occupies
when choosing smartphone applications. The
participants desire a ‘light” app that does not
occupy too much storage space and consumes
fewer internet data.

Facebook, Google, Messenger, Imo, and You-
Tube are the participants’ favourite smart-
phone apps. These apps enable local house-
holds to communicate with family and friends
as well as search for more information, and
enjoying entertainment. Participants choose
YouTube, Imo, Google play store, and SHA-
REit as easy-to-use applications. These apps
are easy to use because users could use these
app’s functions to make a difficult task in life
more manageable. Also, these applications
have easy interactions that the households
could understand.
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Discussion

The telephone interviews provided important
insights into how households use smartphone
applications and how households desire water
quality information. However, influenced by the
covid-19, the sample size is relatively small. In
total, eight participants joined the telephone in-
terview, and only five of them have used smart-
phone applications before. It would be valuable
if more interviews and group sessions were ex-
ecuted, to research more local households, val-
idate the findings, and provide more insights.
Moreover, the participants can have provided
socially desirable answers about desiring the
TAPP app, to please EPRC, as EPRC works in
this area a long time already. Finally, the inter-
views were conducted in parts, as the attention
span and available time was often only 20-30
minutes. This can have influenced the answers
of the participants.

Conclusion
The telephone interviews show households’ re-
quirements for water quality tests and test re-

sults. Bangladeshi households seem to love to
receive more water quality information, includ-
ing how to purify water, how to choose water
sources and the consequences of drinking pol-
luted water. The interview results also show the
households’ smartphone application usage and
what kind of TAPP app interaction the house-
holds would like. Based on the research result
from the literature review & telephone inter-
view, design guidelines are concluded to guide
the application design.

These design guidelines are shown in Ap-
pendix D.

Summary on chapter 4

In chapter 4, the target users are first studied
by analysing the baseline survey result provid-
ed by EPRC. The baseline survey results show
that households’ educational level might influ-
ence their smartphone usage and knowledge
of smartphone applications. A literature re-
view is done to study how functionally illiterate
households daily lives and smartphone usage
are influenced by their low literacy level. A tele-
phone interview further investigated the Bang-
ladeshi households’ smartphone usage and the
desired water related information they would
like to receive. App design guidelines are con-
cluded from the research results and conclude
this chapter on user research.

Next step

In the next chapter, design tasks and design
requirements for the in chapter 1 specified de-
sign tasks one & two will be presented. Three
experience objectives the guide the experience
deisn are initiated from the sights of the litera-
ture review.
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Chapter 5
Design Brief

In the previous chapters, the research is about water quality tests, testers’ testing experience, and
Bangladeshi local households. In this chapter, the design brief is deduced from the research result.
The design brief made up of three design tasks that describe the work needs to be done to address
the design questions, design requirements explaining design tasks with detailed requirements, and
three experience objectives guides the experience design of the Applications.
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5.1 Design task

Three design tasks are deduced from the three
design questions and the research results, out-
lining the design that will be done in the later
chapters.

Design task one

Design task one aims at answering design
question one, creating a smartphone app for
the local Bangladeshi operators to monitor the
PWS system.

Design the water quality monitoring part of
TAPP to assist local operators in executing
water quality field tests. The app will provide
test guidance to testers and collect & upload
data of water quality tests.

Design task two
Design task two will address design question
two, implementing the mobile crowd participa-

5.2 Design Requirement

Design requirements are concluded from the
wants and needs of the customers, the local
Bangladeshi households, and PWS operators.
The design requirement further explains all the
requirements for the design works. The final
design should meet the design requirements.

Requirements for TAPP-BDP

There will be three different versions of TAPP
applications for operators, customers, and staff
based on different purposes.

The TAPP operator and customer application
are android applications. The operator uses the
TAPP operator app to manage, connect with
the users, monitor water quality, arrange water
quality tests, and receive water quality infor-
mation. The customer uses the TAPP customer
app to connect with the operator, finish online
payment, request water quality, and receive
water quality information. The TAPP applica-

tion and the TAPP to invite the local households
to engage in the monitoring of the PWS system.

With the TAPP application, build a commu-
nication channel for the local households to
engage in the monitoring process by request-
ing water quality tests, receiving test results,
and related information.

Design task three

Design task three tries to answer design ques-
tion 3 by designing the PWS system’s monitor-
ing and maintenance process.

Using water quality tests and the TAPP ap-
plication to design a standard monitoring
model for the PWS system and design a
standard maintenance process for the con-
tinuous maintenance improvement of the
PWS system.

tion for staff is a web application that will be
used to manage the database.

This project is designing the water quality mon-
itoring part of the TAPP operator’s app will help
the operators to

- Scheduled water quality tests (design task
1)

- execute water quality field test and man-
age test result(design task 1)

- Receive result after tests (design task 2)

- Approve customer’s water quality test re-
quest (design task 2)

The water quality monitoring part of TAPP cus-
tomer’s app will help the local households to

- Request a water quality test (design task 2)
- Receive test result (design task 2)




Design a light app.

Bangladesh households have limited internet
packages every month, and they may also have
limited phone storage. The application should
be a lite app that does not occupy much stor-
age and does not use much internet.

The design requirement for design task 1
The design requirement for design task 1 is con-
cluded from the needs of the Bangladesh local
operator. These needs are the research result
of Chapter 2.3, Low literacy user’s experience
with field tests, and chapter 4, Tester's UX of
field tests.

The app should provide test guidance to fit
the tester’s various needs for memorising the
test process. Testers have various needs for
memorizing test steps in different conditions
(learning, recalling, recapping). The design of
the guidance should fit their various needs for
memorising test steps.

The app provides video for the testers’ learn-
ing process. When testers first learn how to ex-
ecute a strip test, they would take a long time
to learn the test process with comprehensive
guidance about the test process.

The app provides visual and text guidance
for the test steps’ recalling and recapping
process. When recalling and recapping the test
guidance, the test would desire a quick way to
go over the test operations and test details. The
app will use visual and text guidance to meet
the need to recap and recall quickly.

Redesign the process of camera calibration
& reading strip test results. The tester will cal-
ibrate the camera and read the strip after the
water quality test to avoid the change of light-
ing conditions during the water quality test.

Add a timer for some test steps.

Provide a timer to the testers when they need
to measure the time-interval during some tests.
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The design requirement for design task
2

The design requirement for design task 2 is initi-
ated from Bangladeshi local households’ needs
from chapter 3,3, telephone interview.

The households should be able to request
water quality tests with minimal interaction.
A function of request water quality test will be
added to the water quality monitoring part of
the TAPP app to meet the user’s desire to have
their drinking water tested.

The households should receive water quality
test results that are easy to understand. Af-
ter the water quality test, the water quality test
results and their drinking water quality will be
shared with the households. Moreover, house-
holds should be able to understand the test re-
sult easily.

Provide household knowledge/information
about water contaminants. The households
desire the knowledge of water pollution infor-
mation so that the water quality monitoring
part will link to the education part (designed
by Nayantara Thomas). According to the tele-
phone interview result, the households desire
knowledge and information related to purifying
water, choosing a safer drinking water source,
and possible health issues of drinking polluted
water.

Design a consistent visual language for
field test guidance

A consistent visual language for translating
text guidance into visuals to explain field test
procedures will be created. The visual guidance
should conclude tests from different suppliers
with one consistent visual style to make test
guidance more easy-to-learn. Using this con-
sistent visual language, EPRC should be able
to visualise test procedures for more test kits in
the future easily.

The visual guidance should explicitly explain

=tep 1, Rinse saomple vials with sample water
bwice before each use
ED ,!1
Sample
water
Step 3, Openone foil pocket and odd powder

cantents o vid

test steps to avoid giving ambiguous instruc-
tions that would lead to the tester’'s misoper-
ation. The visual guidance should also include
guidance for all necessary steps.

Based on the analysis of the test kits and
research result of the tester’s testing perfor-
mance and experience, the first ideation of the
consistent visual language is created and then
evaluated and iterated.

Step 2. Hill sample wial HALF FULL with sample
wale
———( — Half
Step d, Copowiol ond shoke rapidby far 5 sec-
Grds

w 1 @5
™

Figure 37, final designof the consistent visual language

The 1st-ideation, evaluation and the final

design of the consistent visual language
will be shown in Appendix E.

57



5.3 Experience objectives

There are three experience objectives conclud-
ed from the research result. These experience
objectives explained the experience that the
target users intended to receive using the ap-
plication and its related service.

Structured

Structuredis an experience the users have when
they understand how to navigate through the
app and are conscious about how they interact
with the app (figure 38).

Medhi(2010,-a) finds that illiterate users are
quicker to understand linear navigation. The
four easy to use applications chosen by the

telephone interview participants also have a
linear navigation structure for their primary
functions(Youtube--Play video/search video;
Play store: search and downloads applica-
tions; Facebook: seeing post; Imo: chatting with
friends.) The app design will use a linear navi-
gation structure to make the app have a clear
structure, especially for low-literacy users.

For Bangladeshi users, feeling structured is
like navigating through a book. They can know
where they are with a page number, and they
can also navigate through the book with page
numbers.

Structured

Understand how to navigate through the app

Figure 38, Experience objective - structured
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Instinctive

Instinctive means users can react or behave
naturally without much thinking. Most low liter-
acy users have a lower cognitive speed of pro-
cessing information.

The application should be easy to understand
so that low literacy users can understand the
app instinctively.

The users feel instinctive when they have less
difficulty understanding the application content
and have no/little obstacles interacting with the
application.

The app will have good usability and have the
interactions that Bangladeshi households think
is easy to use, to make the user feel instinctive
when using the app,

Figure 39 shows a vision for being instinctive. It
is the visual guidance in Japanese train station
platforms that tells the passenger how they
should move. The visual provides passengers
with information that could be understood nat-
urally and instinctively.
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Instinctive

interact with the application noturally with no doubt

Figure 39, Experience objective - Instinct
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Achieved

Achieved means that users enjoy the process
of exploring something difficult and accomplish
some meaningful challenges (figure 40). The
app will only bring support to users in an unno-
ticed way in necessary cases, just like parents

bring protection to the children learning to ride
a bike.

The application will let the user explore the ap-
plication and accomplish the challenges, learn-
ing to use an application by themselves. The
users could improve their abilities, gain confi-
dence in using ICT, and feel achieved while us-
ing the app.

TAPP could also make users feel achieved be-
sides using the app. when the operator and
households contribute to the PWS system’s
monitoring and maintenance process with
TAPP.

Conclusion

The three design guidelines guide the design of
the application differently. The app design will
follow this guideline to fit the target user’s habit
and preference.

Achieved

something difficult ond accom-

ingful challenges

Figure 40, Experience objective - Achieved

Summary: chapter 5

In chapter b, three design tasks and the design
requirements for design tasks one and two are
concluded from the previous research. Three
experience objectives explained the target ex-
perience that would be brought to users by us-
ing the TAPP application.

Next step

The project will turn into the design phase In
the following chapters. The design will follow
the design requirement (chapter 5) and design
guidelines(appendix D). The design & evalua-
tion of design tasks one & two will be shown in
chapter 6 & 7, and the concept for design task
3 will be shown in chapter 8.
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Chapter 6
App design ideation

This chapter presents the first concept of the design task 1, assisting the local operator in exe-
cuting water quality tests, collecting & uploading the water quality test results. This chapter also
shows the 1st ideation of design task 2, using the TAPP application to let the households engage

in monitoring the PWS system by requesting water quality tests and receiving water quality test
results.

In this chapter, the redesigned test process will be discussed. The design of the water quality test
function of the TAPP operator application is shown. After that, the service of requesting water
quality tests is designed, the TAPP customer application is designed.
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6.1 Field test process: testing with TAPP

In order to complete design task one, design
the water quality monitoring part of TAPP to
assist local operators in executing water quality
field tests, a process of test water quality with
TAPP is created internally with Annemarie Mink
and Annaduzzaman Kajol, aiming at improving
the accuracy of the test result. Figure 41 shows
an overview of the new test process.

In the redesigned test process, there are 5 dif-
ferent stages of ding water test with TAPP. The

Start test survey

Filling in infermation

Doing Chemical
strip test

Daing Bacteria-
logical test

Incubete the
sample water

24 = 48 .*-1\|,
Save Bacteria-
logical test result

Submit the test survey

Save Chemical
strip test result

Figure 41, overview of the new test process.
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water quality test function of the TAPP operator
application will be created based on the rede-
sign test process,

Based on the redesigned test process, the
TAPP operation app water quality test part
is created in presented in chapter 6.2

Start

Before the water quality test, the TAPP will re-
mind the operator of executing the water qual-
ity test with mobile phone notification. After ar-
riving at the test location, the tester starts the
water quality test survey in the TAPP applica-
tion and fills in basic information.

Multi-meter test
The tester will use the multi-meter to test the
PH, Temperature, EC, Etc, and type in the test
result in the survey

Chemical strip test

The operators will execute the strip test with
guidance on the TAPP application. After the
test, operators first compare the test strip with a
colour scale to give a subjective reading result.
The TAPP application will collect the subjective
reading result and a picture of the test strip to-
gether with the colour scale. The tester will then
use the TAPP and the AKVO reference card to
calibrate the camera and use the TAPP to give
an objective reading result. Then the tester will
save the test results for this strip test.

The tester needs to execute the strip test two
or three times until they get two similar test re-
sults, trying to avoid having a test result from
human error. The tester types the final test re-
sult in the TAPP application, based on the two
similar subjective reading results, using the ob-
jective reading results as reference and valida-
tion.

Bacteriological test
If there is insufficient Chlorine, the tester will

collect the sample water with bacteriological
test kits, guided by the TAPP application. The
tester will set the incubation time (24-48 hours)
with TAPP to receive a reminder after the incu-
bation period. Afterward, the tester will receive
a reminder from TAPP, reminding the testers to
determine the test result and upload the result
on TAPP.

Submit

After filling in all the information, uploading all
the test results and data, the tester will submit
the survey.

6.2 Application design: Water quality test

With the redesigned field test process and the
consistent visual language, prototypes of the
TAPP operator’s part are created. A low-fideli-
ty prototype is used for internal discussion (fig-
ure 42). The low-fidelity prototype is discussed
with Bilgis and Annemarie, who have abundant
field test experience, to iterate the application
function. The app design is also discussed with
the programmer to see whether designs are
technically possible.

After the discussion of the low-fidelity proto-
type, a high-fidelity prototype is designed guid-
ed by the design guideline. Some app compo-
nents are created for the application design.

The application design components includ-
ing buttons, cons are shown in Appendix F.
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Figure 42, low-fidelity prototype of TAPP
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The TAPP operator application works in the following way. Before the test, TAPP will notify the
tester about the upcoming test. TAPP will provide a survey to guide the tester to collect basic test
information and test results(figure 43). After collecting all the datas, the tester will submit the sur-
vey, and upload the data to the cloud.

© Water quality test

Hirmer! radedn todowoll

Figure 43, TAPP water quality test survey

There are guidances to guide the chemical strip tests and bacteriological tests (figure 44). A text
& visual guide provides a step-by-step guide to the tester. A video tutorial teaches testers who
need detailed guidance. The app also provides a timer for the steps that need to measure the
time-interval .

Tims

Figure 44, TAPP’s water quality field test guidance.
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At the end of each test, the TAPP will help testers to manage the test results (figure 45). The test-
ers first read the test strip and upload a subjective reading result. Then they use the TAPP to give
an objective reading result. If the tester receives two similar subjective test results, they will type
in the result as the final test result.
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Gbdancs Ra sl
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Figure 45, TAPP collecting test result

TAPP will provide guidance and assistance to the execution of the bacteriological test if needed
(figure 46). Testers could receive bacteriological test guidance from TAPP and use the TAPP to set
alarm for the incubation period. After the incubation period, the tester types in the test result and
saves the data.

a4 Tan Tan
& Aquagenc® EC+TE PrA test & Aquagens® EC+TC B/A test i hquageno® EC+TC P/A test
Siep 1 Saep & Chasos lowl resull
Gubfanoe == Gaddance [ 5 i s | Gulrlance
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Figure 46, TAPP guiding the execution of bacteriological tests.
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6.3 Service design: Managing households’ water

quality field test

According to the telephone survey result, Bang-
ladeshi households desire more water quality
tests and test results. A service is designed to
enable the households to use the TAPP to re-
quest water quality tests and receive water
quality test results. This service is intended
for design task two, building a communication
channel for households to engage in the moni-
toring of the PWS system.

Figure 46 shows the service blueprint of the

service, managing households’ water quality
tests. The service blueprint shows how house-
holds interact with the operator and how NGO
staff support the service. In the service blue-
print, there are four different stages of arrang-
ing a household'’s water quality test.

The first stage is to request a water quality test,
in which the households will use the TAPP cus-
tomer application to fill and upload a request
form. The second stage is to confirm the test

Request water quality test

i (7 PV S

Find 1ssyue

|:::I!;:Il!:-l 1 aEp

CUSTOMER
JOURNEY

LINE OF INTERNAL
INTERACTION

FRONT STAGE

OPERATOR
ACTION

LINE OF VISIBILITY
BACK STAGE
NGO
STAFF

LINE OF INTERNAL
INTERACTION

SUPPORT
PROCESS

10-25 Min - e em == == == .I 30-50

Mun

Submit the water

|::||,|:|'i1_':,- test farm

Fill m réequest form

Contaoct operator if

Check availability

Contoct custome

TAPP customer application

TAPP operator application

Figure 47, Service blueprint of how to arrange a private water quality test with TAPP.
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request. The operator will receive the custom-
er's water quality test request with the TAPP
operator application. After calling the custom-
er to confirm the test request, the operator will
approve the request. The customer will then
receive a confirmation of their test request and
sometimes together with a payment request if
they choose to pay the test fee online. The third
stage is the executing of the water quality test.
On the day of the water quality test, the opera-
tor will visit the households and execute water

Confirm test request

————— E"-SM:H _— = @ e

0,55 days

Hecere water

quality Test

=tore reguest
inoformation

TAPF operator
opplicotion

Test Data storage

TAPP- NGO Staff web application

Check test -
data Send result to

quality tests with the TAPP operator applica-
tion. The final stage is sharing the test result.
The NGO staff will check the water quality test
result and share the test result with the house-
holds.

After designing this service, the TAPP customer
and operator application that supports the ser-
vice will be created based on this service blue-
print. The app design is presented in chapter
6.4 & 6.5.

Result

Test

J0-80 Min
2-5 days

Share test result

custamer &
ather NGO

MGODs deta
storoge

TAPP customer
application



6.4 Application design: arranging a water qual-

ity test

TAPP applications play a significant role in
building a communication channel for house-
holds and operators by enabling households to
request water quality tests with TAPP custom-
er applications and assist the operator in ap-
proving a water quality test request with TAPP
operator applications.

TAPP customer app

The household will use the TAPP customer
application to request a water quality test to
their PWS system tap or private hand pump.
Suppose the household does not know which
parameter should be tested. In that case, they
could call the operator or go to the drinking
water knowledge part designed by Nayantara
Thomas to check the information of each pa-
rameter.

Figure 48 shows a basic flow of how customers
request water quality tests with TAPP custom-
er applications. The households could add new
water quality field tests request from the water
quality monitoring page of TAPP.

Figure 48, Requesting water quality

test with TAPP customer application.
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When a customer fills in the request form, the
system will prefill the form with the customer’s
basic information collected when the house-
holds registered in the TAPP. The households
need to choose types of water supply they want
to test. Then, the households need to select the
parameters they want to test and submit the
request. The test request will be sent to the op-
erator, waiting for their approval.

TAPP operator app

Figure 49 shows the TAPP operator app when
approving households water quality test re-
quests. The operators will receive notification
of approving the customer’s test request. The
operator will call the households to confirm
the information and choose the test's time and
payment methods since Bangladesh mobile
phone users are more used to communicating
with calls. After the operator approves the test
request, the households could receive a noti-
fication that tells them their water quality test
has been approved.

Bactericlingical bt

iR P s

Figure 49, TAPP operator application

6.5 Application design:
test results

After operators have done the water quality
test, the NGO staff will check the water quality
test result and send them to the households. In
the customer’s TAPP application, there is a list
of households’ private water quality test results
and a list of water quality test results of the
water tower(Figure 50). In the list, Some cards
show the basic test information and the water
quality with icons of each test.

Figure 51 shows a detailed test results page
where the customer could find more informa-
tion about the concentration level with each
parameter and advice on using the sample wa-
ter. Each rectangle represents one parameter.
The rectangle’s length shows the quantity of
the substance in the water while the color of
the rectangle indicates whether this quantity in
water is safe, at-risk, or dangerous. At the end
of the test result, there is advice related to the
sample water. This part will link to the drink-
ing water knowledge part of TAPP designed by
Nayantara Thomas (2020).

Figure 50, Private water quality test list

receiving water quality

To find problems with the design concept, the
TAPP prototypes are tested in chapter 7. After
the test, the design is iterated and finalised. The
final design is also shown in chapter 7.

Engage in the monitoring process with
SMS

Since there are still some non-smartphone and
non-smartphone application users in Bangla-
desh, Annamarie and Maruf created a function
for non-smartphone users. These users could
also participate in the monitoring process and
receive test results by sending SMS messages.
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Figure 51, Water quality test result.
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Summary of chapter 6
Chapter 6 presented the design of the water

quality monitoring part of the TAPP operator
application and customer application. The ap-
plication design concept of the following func-
tions are made,

1, Operators executing water quality test with
TAPP

2, Customer requesting water quality

3, Operators approving water quality test re-
quest

4, Customers receiving water quality test re-
sults.

Next step

In chapter 6, the basic function of the water
quality monitoring part of TAPP customer app
and operator app is presented. The next step
is evaluate the concept and make final designs
based on the evaluation result.

72

Chapter 7

Evaluation and final concept

for TAPP

In chapter 6, the design of the application has been created. This chapter will focus on testing the
application with the user to find insights about how to iterate the application. After the testing, a

final design of the TAPP is made after iteration.
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7.1 App evaluation

Methods

The application 1st-ideation prototype is creat-
ed in Figma and used for the evaluation of the
design. The TAPP customer application and the
TAPP operator application are tested separate-
ly with the following tasks.

TAPP customer application:

- Check the water quality test result for the
water tower.

Test whether the user could find water quality
test results from the home page, test whether
they could understand the information about
water quality.

- Request a new water quality test
Test whether the user knows how to add a new
water quality test request and edit the request.

- Check the water quality test result of their
private pump.

Test how the user finds the list of all the private
water quality tests and distinguish the date
and types of water supply with the water qual-
ity test.

TAPP operator application:

- Approve customer’s water quality test re-
quest

Research the tester’'s performance on approv-
ing test requests, calling operators, and editing
their households’ requests.

- Doing water quality strip test with TAPP
Test whether the tester could start a water
quality test with TAPP and decide then final re-
sult accordingly.

- Doing a bacteriological test with TAPP

Test whether the tester could set the timer for
the incubation period with TAPP and success-
fully save&subimit test results. One day before
the test, the participants who will perform the
water quality strip test will watch tutorial vid-
eos to learn how to execute water quality strip
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tests. Before the application testing, the PWS
system and the water quality tests are ex-
plained to the participants if they are not famil-
iar with the Bangladeshi drinking water treat-
ment & monitoring methods.

Two scenarios for PWS system customers and
PWS system operators are created for the par-
ticipants to finish the tasks. During the test,
the participants will speak out their feedback,
which will be recorded and analysed. How the
participants complete each step in different
tasks will be recorded to find usability issues.
After each test, there are few questions for par-
ticipants to answer, aiming at collecting the
evaluation result related to application usability
and application experience objectives.

Question after the evaluation

Usability:

Do you feel the application is easy to use? (Lik-
ert scale, 0-7)

Do you feel the application is easy to learn?
(Likert scale, 0-7)

Research target experience:
Clear-structured:

Do you feel easy navigating through the appli-
cation? (Likert scale, 0-7)

Instinctive:

Can you understand the information about
drinking water quality easily? (Likert scale, 0-7)
Do you feel they can understand the applica-
tion function easily?

Achievement:

Do you think they learn something new by us-
ing the application? (Likert scale, 0-7)

As PWS system operators, do you think you
have contributed to monitoring the PWS sys-
tem by using the TAPP? (Likert scale, 0-7)

As PWS system customers, do you think you
have contributed to monitoring their drinking
water quality? (Likert scale, 0-7)

Guidance design
Do you think the guidance is easy to recognize?
(Likert scale, 0-7)

Participants

Eight participants are recruited for the appli-
cation evaluation. Of the 8 participants, two
Bangladesh local field testers are recruited to
test the application with skype. Three UX test-
ers are also participants in the testing and have
done the expert review of the concept.

Two participants did the testing offline and did
water quality tests with the TAPP application
and strip test (figure 52).

Six users did the water quality test online with
skype meetings. Their test process and inter-
action with the application is recorded to find
usability issues.

A detailed test plan is initiated and present-

ed in Appendix G.

Figure 52, testing TAPP with Bangladeshi participants
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Result

After the application testing, the data is col-
lected and analysed to find usability issues and
how the application achieves the experience
objectives. The main findings after analysing
the test result is presented in this chapter.

Customer application:

Task completion

In general, the participants could succeed with
task 1,2 (check the water quality test result for
the water tower, request a new water quality
test.). There are only two difficulties with finish-
ing task 1,2. First, 2 out of 8 participants have
difficulties with recognizing the function of the
cards. Second, 3 out of 8 participants forgot to
select the types of water supplies.

There are critical usability issues with finish-

Water quality
Water towe: lest resull

— e b g .

ing task 3, as 6 out of 8 participants failed by
finding the list of the private water quality test
results. This usability issue needs to be solved
with the final design. An overview of task com-
pletion is presented in figure 53.

Figure 54 shows the usability issues with the
app interface.

The test result is presented in Appendix H.

Task 1
Litsle difhicult to recognise the
funcuion al the cands

Figure 53, usability issues with the TAPP cus-
tomer app interface,
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Task 3

Critical usability issues;

difficult with finding the 1est

Task 1: Check water quality test result of water tower

Task Task compeletion

0000000
0000000
0000000

Find water tower  infor-
mation

Find whether the water is
comtaminated

Find the main contamina-
tion

Task 2: Request water quality test

Task Task compeletion

00000000
090000000
0000000

Find " Add new water
quality test request”

Select type of water
suppply

Submit the test request

Task 3: Check water quality test result of private pump

Task Task compeletion

00000000
00000000
00000000

Find the list of private
water quality test

Find the lotest pump test
result

Dicide whether this
wiater is drinkable

Fimish the tosk with no Finish the task with a few
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Usability issue
O Small
problem

Usability issue
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. Critical
problem

'. Meed help to finish the task

Figure 54, Overview of user’s task completion of TAPP application for customer
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Objective experience evaluation

Figure 55 shows the average score of each
question after the application testing. The TAPP
customer application performs well with show-
ing users water quality information that users
could instinctively understand. Also, the cus-
tomer app is doing good at helping users feel
achieved by contributing to monitoring their
drinking water.

For the 1st time user, the TAPP customer appli-
cation is not very easy to use mainly because
the participants could not find the list of the
private water quality test results, and felt con-
fused with the navigation of finding the list of
test results. Users are not aware that there is
a list of more test results with The current Ul.
However, the participants felt that the applica-
tionis easy to learn. Once they have learned the

TAPP Customer application
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Usability Strucutred

application, they can finish the task easily. With
the TAPP customer application, the user did not
feel they had learned many new things as they
felt would learn water quality information with
other parts of the application or by other infor-
mation sources.
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Figure 55, average score of the question after testing TAPP customer app.
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Operator application

Task completion

In general, the participants felt the operator apln
general, the participants felt the operator appli-
cation is easy to use. Most participants have no
difficulty with approving water quality test re-
quests and executing bacteriological tests. The
two biggest problems happened when starting
chemical strip tests and filling in water quality
test results. Two Bangladesh participants have
difficulty with starting the chemical strip test
for the first time. After the chemical strip test,
the process of filling in the water quality test re-
sultis too complicated, and some inappropriate
icons make this process even more difficult. The

user interface of filling test results after the test
needs iteration.

During one test, the smartphone camera could
not give the objective test result with the AKVO
technology, and the user failed to save the test
result. Currently, the user could not save the
test result without an objective reading result.
This technical defect would lead to critical is-
sues with saving test results. The test process
needs to have a small iteration.
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Figure 56, average score of the questionnaire question.
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An overview of the task completion of the oper-
ator application is presented in figure 57.

Task 1: Check water quality test result of water tower

Task Task compeletion

Find woater tower  infor

mation ..O.‘..O

Find f i iher |
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Q0000000

Find the main contaming-
tion

Task 2: Request water quality test
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Select type of water
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Task 3: Check water quality test result of private pump
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figure 57, Overview of user’s task completion of TAPP application for operator

80

Objective experience evaluation

Generally, the operator application receives
better feedback than the customer application
because the functions with the operator appli-
cation use linear navigation that makes the app
function and navigation more structured. How-
ever, the operator application shares the same
navigation structure as the TAPP customer ap-
plication that makes finding the list of all the
test requests and test results difficult. The user
test did not test that part since the customer
application already tested how that navigation
structure works. The home page of the operator
application still needs to be improved.

TAPP operator application
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The operator application performs well at giv-
ing guidance and showing an application func-
tion that the user understands instinctively. The
participants felt that they contributed a lot to
monitor the PWS system by using TAPP. How-
ever, they think that using the TAPP operator
application did not learn new things as TAPP's
function is to help the operator recap the infor-
mation they already learned.

Figure 58 shows the average score of each
question after the opertor application testing.
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Figure 58, average score of the question after testing TAPP operator appliction
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Discussion

The application test gave some feedback for
iterating the application. However, influenced
by the lockdown policy with the COVID-19, two
testers did not participate in testing the oper-
ator's water quality testing part as they have
not seen or used the strip test before and lack
knowledge about executing strip test. Fur-
thermore, only two participants test the water
quality offline, and other participants only go
through the application. More application tests
are needed to test whether the PWS system
operator could follow the guidance to perform
water quality tests and whether operators felt
confident with the accuracy of the final result.

Also, only 2 Bangladeshi people who are ex-
perienced with ICT devices participated in the
application testing. Further testing with Bang-
ladeshi households and PWS system operator
is needed to find usability issues with the appli-
cation.

Another limitation is that only the water quality
monitoring part of TAPP is developed and test-
ed with the participants this time. For the PWS
system customer application, the participants
also desired drinking water knowledge, which
is the project of Nayantara Thomas and was
not implemented in the prototype. When test-
ing with bangladeshi households, the two parts
should be tested together to see how different
parts of the TAPP application work together to
help the households finish the three tasks.
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Conclusion

In general, both applications are easy to use.
The users could finish the task without any tu-
torial when they use the application for the first
time, except for finding the list of water quality
test results with the TAPP customer application.
There are also little difficulties with starting the
chemical strip test and filling in the test result of
the chemical strip test with the TAPP operator
application.

Interaction of the app design will be made ac-
cording to the problems found with the applica-
tion testing. The app function of finding the list
of the water quality test needs the most rede-
sign to make the navigation more clear. Some
minor changes to the application will be made
to improve the consistency of the application
and make the application function easier to rec-
ognize. The final concept of the project is creat-
ed after the iteration of the application.

7.2 Final concept

Design task 1: test water quality with TAPP operator application

The operators can find all the water quality test requests that need to be done at the homepage of
the water quality monitoring part of TAPP. The operator can start the test once they bring all the
needed test kits when they are in the field. The operator will first check and edit the information
about the test. Then they will type in the multimeter test result with TAPP.
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The operator will then perform chemical strip tests with TAPP. During the test, text & visual guid-
ance will be shown to the operator, and there is also a timer to help the operator measure the time
intervals. At the first step of each strip test, there is an online video tutorial for the operators if they
are not familiar with the test process. On the other hand, if the operators are familiar with the test
process, they could skip step-by-step guidance but watch simplified guidance instead.
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After the test, the operator will fill in the subjective reading result of the test strip with TAPP. Then
they will use the smartphone camera and the AKVO reference card to give an objective reading
result of the test strip.

« Arsenic strip test = Arsenic strip test + Arsenic strip test
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The testers will perform the test multiple times to validate the test result. The TAPP will check the TAPP will also assist the testers to do bacteriological field tests, providing guidance, and sending
test result given by the testers to decide whether they need to perform the test again. Once the reminders after the incubation period. After incubating the sample, the TAPP will collect the bac-
tester got two similar test results, the TAPP will ask the testers to give a final test result. teriological test result.
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Design task 2: test water quality with TAPP operator application

Households: TAPP customer application

Receive water quality test result

After each water quality test, the result will be uploaded to the database and shared with the households after the NGO staff ac-
cept the test result. The customer can check their latest test result on the home page of the water quality monitoring part. The test
result page will show the overall water quality of the water supply, whether it is safe to drink. The test result page will also show
the test result of each parameter.
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Requesting water quality test

The households could use the TAPP customer application to add
a new water quality test request. In the test request form, they
will select the type of water supply and the parameters they
would like to test. If they have any difficulties filling in the form,
they could use TAPP to call the operator for help. The request
form will show how much the test would cost and how long the
water quality test would last. After submitting the form, they will
receive confirmation and wait for the operator’s approval.
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Summary of chapter 7

In chapter 7, the first ideation of the application
is evaluated with 8 participants to find usabil-
ity issues that influence the user’'s experience
with the application. The application is iterated
based on the usability issues and participants’
feedback. The final design of the TAPP custom-
er application and TAPP operator application is
presented at the end of chapter 7.

Next step

Researching the water quality and involving
the households in the water quality monitoring
is only the first step of monitoring and main-
taining the PWS system. A new monitoring
model and maintenance process of the PWS
system is needed to monitor and maintain the
PWS function properly. In the next chapter, the
current governance system and the TAPP ap-
plication function is first analysed. Based on the
analysis result, a new monitoring model and
maintenance process is designed.
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Chapter 8
A monitoring model and mainte-
nance process designed for PWS

system

In the previous chapters, the water quality monitoring part of the TAPP application has been
designed. However, executing the water quality test and communicating the water quality test
resultis only the first step of the monitoring and maintenance. After the water quality test, the op-
erator and water service provider needs to decide system status/ issues and maintain the system
correspondingly. Currently, there is a lack of an efficient monitoring model and maintenance pro-
cess with the PWS system. Implementing the TAPP application brought an opportunity to build a
new monitoring model and set a standard maintenance process.

In this chapter, a work frame is introduced to analyse the monitoring, and maintenance system of

the PWS system after the implementation of the TAPP application. Then a new monitoring model
and a maintenance process will be designed based on that system.
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8.1 Work system

Different activities and stakeholders are in-
volved in governing the PWS system. Togeth-
er, these activities and stakeholders make up
a system to operate, monitor, and maintain the
PWS system. Before designing the monitoring
model and the maintenance process, an anal-
ysis of the PWS system governing scenario is
desired.

The work system designed by Alter (2002) is a
method for summarising and analysing a sys-
tem. Figure 59 shows the framework of Alter’s
working syste methods.

There are nine elements in the framework, and
the four basic elements consist of a work sys-
tem (Participants, Information, Technologies,
Business process). The rest elements fill out the
situation of the system. The arrows in the frame
show the alignment of the different elements
and how elements influence each other. (Alter,
S.2002).

In this work frame, the Business process is the
work performed in this work system; Partici-

pants are the People who work for the system;
Information will be used or created during the
work process; Technology represents the tools
and techniques used by the participants.

Customers are the users who interact with the
Product & service; Product & service are the
productions of the system. Environment, Strate-
gies, Infrastructure are additional elements that
influence the work system. The Environment
is the condition that the system is in, including
cultural environment, organizational environ-
ment, etc. Strategies of organizations, firms, or
countries will influence the performance of the
work system. Infrastructure is any resource that
the system may rely on.

The work frame is used to analyse the govern-

ance system of the PWS system after the im-
plementation of the TAPP application.

The analysis result of the governance

system of PWS system is shown in Ap-
pendix .
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Figure 59, The work system framework (Alter, 2002)
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8. 2 Water quality field test plan

The DELTAP project team is researching a way
to use different field test methods to research
water quality of the PWS system at low cost.
Local operators of the PWS system will be
trained to execute three types of field tests at
different places in a PWS system to monitor the
system function, detect system issues. Figure
60 shows an overview of where different field
tests will be used to research water qualities in
an ideal scenario.

Multi-meter tests are tested to give the result
of the water’'s temperature, PH, turbidity, and
electrical conductivity at every field test.

Field tests for bacterias are done to research
the bacteria contamination at the main water
tower, household tap, and the household’'s wa-
ter storage unit. The tester first uses strip tests

Multimeter test
Test at all locations

1 S ]

Q; Bactericlogical test
Water storoge unit

Chemical strip test

i In-flow of the
* filteration system

Chemical strip test

o i- Qut-flow of the
* filteration system

to research whether there is sufficient chlorine
in the sample water, if there is sufficient chlorine
in the sample water, then the sample water is
protected with Chlorine. And then execute bac-
teriological tests to determine the presence or
absence of E.Coli if needed. Ideally, the bacteria
test will be done once every week to research
bacterial contamination.

Chemical strip tests are done at the in-flow and
out-flow of the PWS system'’s filtration system
to test the quantity of chemical substance in
water and determine the status of the filtration
system. The chemical strip test should be done
once every month to research the chemical
contamination with the PWS system.

These tests will be used to research the water
quality and monitor the PWS system’s function.

% Boctericlogical test
households storage

G Bacteriological test
In-flowe of househaolds
storage (pipeline

wioter)]

Figure 60, overview of field tests pIn for the PWS system
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8.3 Design of the Monitoring model & mainte-

nance process

With the TAPP app implementation, there will
be more water quality tests, enabling a regular
monitor of the PWS system. To guide the op-
erators and service providers to execute wa-
ter quality tests to monitor the PWS system'’s
function and condition efficiently, maintain the
PWS system in light of the result of monitoring,
a monitoring model and a maintenance process
is designed. This monitoring model and main-
tenance process is the outcome of design task
three.

There are three steps for the monitoring and
maintenance of the PWS system:

The water quality test step, which aims to re-
search the water quality by doing water quali-
ty tests for regular monitoring or responding to
households’ test requests and feedback;

The conclusion step, during which the opera-
tors and service providers use the water quali-
ty test results to conclude the condition, issues,
and problems of the PWS system;

The repair & maintenance step where water

service providers or local governments arrange
repair and maintenance to solve the problems
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and issues founded in the previous steps. The
water quality test step and conclusion step
will be guided with the monitoring model, and
the repair & maintenance step will follow the
design of the maintenance process. Figure 61
shows an example for the monitoring model
and maintenance process of the PWS system.

With the PWS system, there are three different
monitoring & maintenance missions.

Monitor & maintain the filtration system with its
function of cleaning groundwater.

Monitor & maintain the main water tower &
pipeline water with bacterial contamination
problems.

Monitor model and maintenance process
households storage unit with bacteria contam-
ination

The concept of how to monitor and maintain

the system is designed based on the analysis
result of the PWS system’s governance system.

Three monitoring models and mainte-

nance processes design of the PWS sys-
tem are presented in Appendix J.

Monitor model and maintenance process of the main
water tower & pipeline water with bacteria contami-

nation
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Figure 61, example for the monitoring model and maintenance process of the PWS system.
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Summary of chapter 8

In chapter 8, the current governance system
of the PWS system is analysed with a meth-
od called the working frame. Aiming to guide
the monitoring and maintenance of the PWS
system, a new water quality field test plan and
three monitoring model and maintenance pro-
cesses of the PWS system are created based
on the current governance system and the
TAPP application functions.

Next step

After creating the TAPP application and related
monitoring model and maintenance system, the
project is finished. Next, conclusions on the pro-
ject with a reflection on the project process and
a recommendation for future work are made.
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Chapter 9
Conclusion

In the previous chapter, the final concept of the TAPP was created after the test of the first idea-
tion. A monitoring model and maintenance process for the PWS system is also created to improve
the efficiency of maintaining the PWS system using TAPP.

This chapter will conclude the design process and the limitation during the design, followed by

a reflection of the project process and a recommendation for the future design of the TAPP-BDP
application.
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9.1 Summary of the design

The project first started with three Bangladeshi
PWS systems’ monitoring and maintenance
problems. They are

- Insufficient water quality tests

- A lack of households’ participation with the
monitoring and maintenance of the PWS sys-
tem,

- Lack of an efficient monitoring model and
maintenance system for the PWS system.

Water quality field test and TAPP applications
are introduced to the Bangladeshi field to ena-
ble reqular water quality tests done by the PWS
local operators. The TAPP operator application
has been designed based on the analysis of
the current strip test and the AKVO technology,
which could help to improve the accuracy of the
strip test by reading strip test results. The TAPP
operator application could help the local PWS
system operators to do water quality strip tests
and give a reliable result of the water quality.

After researching the households’ communica-
tion needs and smartphone usage, the TAPP
customer application is designed to enable the
households to participate in the monitoring and
maintenance of the PWS system by requesting
water quality tests and receiving water quality
test results.

The TAPP application has been created and
iterated after testing. The final concept of the
TAPP application is shown in chapter 7.

After having the water quality test methods
and TAPP application, a monitoring model and
maintenance system utilizing the water quali-
ty test and the TAPP application is created and
presented in Chapter 8.

To conclude, the project designed two smart-
phone applications: TAPP operator applica-
tion and TAPP customer application, together
with a new monitoring model and maintenance
process for the PWS system. These outcomes
solve the three design questions in chapter 1.

9.2 Reflection on the project

Influenced by the Covid-19, doing field research
in Bangladesh is not possible. Therefore, the re-
search and test of the project are done remote-
ly by skype or calling local households. This
restriction limits the connection with the target
user and the efficiency of research.

Also, since the strip test is not introduced to
the Bangladesh field yet. The research result is
not come from the PWS system operator who
are going to do the strip test in the future. More
testing needs to be done after creating the first
version of the TAPP.
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Doing water quality tests request high budgets.
However, currently, there is a lack of budget for
maintaining the PWS system. The monitoring
model and maintenance process did not fully
consider the current budget but designed under
an ideal situation where the budget is enough.
The design of the monitoring model and main-
tenance process will be implemented and test-
ed after the stakeholders have enough budget.

9.3 Recommendation for TAPP-BDP project

Due to the time limit, the project did not design
animation guidance with consistent visual lan-
guage. The design team could use consistent
visual language to design moving guidance
and test how that would work.

When designing the video tutorial for the test,
the requirement should also be the same as
designing the visual guidance, clearly showing
each step and highlight test details.

TAPP is an application with lots of different
functions, including water quality tests, knowl-
edge about drinking water, service, and pay-
ment. These parts are designed separately by
three different designers with three different
styles. The final TAPP application will combine
three different application design concepts.
When combining these parts, the style and in-
teractions should be consistent and guarantee
good application usability.

The TAPP project group needs to consider how
to prompt water quality tests and TAPP appli-
cations to the target users. Currently, there is no
systematic monitoring and maintenance of the
PWS system. Arranging water quality tests is
a new concept to the Bangladesh households
and operators. The TAPP project group needs
first to tell the households what the water qual-
ity test is and how each type of water quality
test works with monitoring the water quality
before introducing the TAPP application to the
user to arrange water quality tests. Designing
ways to prompt water quality tests could be
another master graduate project.

The TAPP and chemical strip test is not yet in-
troduced to the monitoring process of the PWS
system. In the current PWS system, there is not
an efficient monitoring and maintenance sys-
tem yet due to many reasons, including insuf-
ficient budget. To make the TAPP application
work as the original plan, the monitoring, and
maintenance system should be built togeth-
er with the implementation of the TAPP. The
DELTAP project should consider how to build
a simple monitoring system with the current
budget and test the TAPP application works.
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Appendix A Manual for field kits

Multimeter test
There are different multimeters on the market, they are quite similar and would have
similar operation.

Typical steps of executing a sensor test:

1,Remove the protective cap from the meter.

2, Clean the electrode with distilled water and dry it.

3, Press the power button.

4, Insert the meter upright in the solution to the brim and stir gently.

5, Press the C/ F key to switch between Celsius and Fahrenheit

6, Press the PH / EC button to switch between PH and EC.

7, Rinse with water after use and press the power button.

8, Store the meter upright with the storage liquid in the protective cap.

Chemical strip test

1.1 Iron test

To quickly test the iron contamination in the groundwater in the field, the researcher of
EPRC currently uses an iron test tool kit to get accurate results with simple steps. The strip
test kit is HACH Iron test strip,0-5 mg/L. It consists of a strip with a strip, a vial, a reagent,
and a colour scale on the strip bottle.

.
E
E
?}‘

Figure 62, the iron test tool kit.

The tester need to follow the steps in order to correctly conduct the iron test and read the
test result.
1, Rinse sample vial with tap water after each use.
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2, Fill sample vial HALF FULL with sample water.

3, Open one foil packet and add powder contents to vial.

4, Cap vial and shake rapidly for 5 seconds.

5. Dip a test strip into sample vial and rapidly move back and forth underwater for 15
seconds.

6. Remove and shake excess water from test strip.

7. Immediately compare test pad to colour chart and record results. Estimate result if colour
on test pad falls between two colour blocks.

8, Rinse sample vial with tap water after each use.

More information of HACH iron test kit at
https://www.hach.com/iron-test-strips-total-dissolved-iron-0-5-mg-Il/product?id=7640211
605

1.2 Arsenic test

For the arsenic test, the test chosen for the DELTAP Project is the QUANTOFIX® Arsenic
10 from Macherey-Nagel.

..w' J5LL1Y mme B

Figure 63, the QUANTOFIX® Arsenic 10 kit from Macherey-Nagel

To determine the quantity of arsenic in the water, the testers use the test kit according to
the following steps:

1. Using the syringe, fill 3 x 10 ml sample solution into the reaction vessel.

After adding each of the following reagents, shake gently for about 2 secs:
2.1 drop of Arsenic-1
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3. 1 measuring spoon of Arsenic-2
4. 1 measuring spoon of Arsenic-3

5. Immediately afterwards bend the test strip with the test field about 2 cm deep into the
reaction vessel and then fit the lid.

6. To vent the reaction vessel, pierce the lid with the needle and leave the needle in the lid.

7. Wait 10 minutes.

8. Afterwards dip the test strip with the test field into distilled water for two seconds.
9. Shake off excess liquid and compare with the colour scale.

Figure 64 shows the visual guidance of the Quantofix Arsenic 10 test kit.

10 min |
25

-

ENIE<l: ml
[~ B ay

Figure 18, the SenSafe Manganese test strips kit.

Steps to test:

1. Collect water into a vial ,

2. dip test strip #1 for 20 seconds, discard.

3. dip test strip #2 for 20 seconds, discard.

4. Dip strip #3 for 30 * seconds, pull out, wait 3 minutes for colour to develop,
5. Match colour chart.

* Because the temperature of the tested water can affect the results, please adjust dip time
according to the following table. Step #3 above assumes warm water of 75 degrees
Fahrenheit (24 C). If you water sample temperature is different, adjust dip time of strip #3
accordingly:

Temperature |Dip time,
C/F Seconds
0/32 120
5/41 90
9/48 75
13/55 60
18/64 45
21/70 36
24175 30
28/82 25
32/90 22
36/97 21

40/ 104 20

Figure 64, The manual of the Quantofix Arsenic 10 test kit.

More information of the QUANTOFIX® Arsenic 10 kit at
https://www.mn-net.com/semi-quantitative-test-strips-quantofix-arsenic-10-91334

1.3 Manganese test

The manganese test is the SenSafe Manganese test strips.
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More information about the SenSafe Manganese test strips at
https:/sensafe.com/sensafe-manganese/

1.4 Free and total chlorine test

The free and total chlorine is to test whether the water is free from bacterial contamination
and has the ability to avoid recontamination from bacteria. The strip kit used for this
project is the HACH chlorine strip tests.

There is no visual guidance with the HACH chlorine strip test, only a text guidance on the
test strip bottle.

1, Dip the strip into water and move back and forth for 30 seconds(or hold pads under
water stream for 10 seconds).

2, Compare the TOTAL CHLORINE and FREE CHLORINE pads to the colour chart above.
Estimate if the colour on the test pad fails between two colour blocks.
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DIRECTIONS:
1. Dip the strip into water and move back and forth for 30

seconds (or hold pads under water straam for 10 seconds).
2. Compans the TOTAL CHLORINE and FREE CHLORINE
pads 1o the color chart above. Estimate results i the color
on 1he test pad lalls batween fwo
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Figure 65, text guidance on the strip bottle of HACH chlorine strip test.

More information about the HACH chlorine strip test at
https://www.hach.com/free-total-chlorine-test-strips-0-10-mg-I/product?id=7640211603

2. Bacteriological test

The E.Coli test is to test the bacterial contamination with the water. The test used is the
Aquagenx® CBT EC+TC Presence/Absence (P/A) kit and the H2S strip test of the Water
Health Laboratories India.

2.1 Aquagenx® CBT EC+TC Presence/Absence (P/A) kit and

The test needs Whirl-Pak™ Thio-Bag™, growth medium, incubator and UV light. Gloves
are also desired to avoid contaminating the sample.

Steps:

1. Sanitize the work area with disinfectant cleaning solution, paper towels or wipes.
Collect 100 mL water sample with Whirl-Pak™ Thio-Bag™
Add Aquagenx® EC+TC growth medium to sample in Whirl-Pak™ Thio-Bag™
Incubating the sample
Score and record P/A test results
Decontaminate sample

O 01~ WN

Figure 66, Visual of the E.Coli P/A test procedure.

Compared to strip tests, the E.Coli test takes longer time since the sample needs to be
incubated. Also, there is more requirement to pay attention during the test. The tester
needs to be very precise to not contaminate the sample with outside bacteria. And there
are more rules for incubating temperature and period. Therefore, more guidance is needed
for conducting the E.Coli test.

How to Interpret Color-Change Test Results

Y ellow Y ellow
Brown in amblent
Cober in
ThioBag | g 40 foue 1o
_ under LI ligh
Negative
ﬂ Negative

Figure 67, How to interpret the E.Coli test result.

To count the Most Probable Number of the E.Coli, the test steps are:

, Sanitize the work area with disinfectant cleaning solution, paper towels or wipes.

, Collect 100 mL water sample with Whirl-Pak™ Thio-Bag™

, Add Aquagenx® EC+TC growth medium to sample in Whirl-Pak™ Thio-Bag™

, Pour sample with dissolved medium from Thio-Bag into Aquagenx Compartment Bag
, Seal compartment bag shut

, Incubation Period and Temperatures

, Score and record MPN test results

, Decontaminate sample

00O NO Ol WN -

More information about the Aquagenx® CBT EC+TC P/A Kits and CBT EC+TC MPN Kits at
https://www.agquagenx.com/cbt-ectc/

Colect 100 mil saengple | S porathen prosats msliorn | IScubaie 2028 howrs | Scoee EC Bewl results in smiBlent Bght Dl v el b Saemiple
Sexww T e resulib wndad 1P gkt in U
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2.2 H2S strip test of the Water Health Laboratories India

The H2S strip test is an easy and cheap way to test the absence and presence of the
E.Coli in the sample water.

111



Appendix B Interview question

Test instructions Interview questions,
Which area have you visited? When.
1. Fill the water to be tested up to 'FILL LIME® an
replace the cap. If you are testing a household’s private water pump. What will you do during the whole
test?
2. Keep at ropm temperatune (preferably 250 - 37000 Which test have you done in the field?
ﬁ the specified time below
How many times have you done these tests? How frequent will you do the test?
30 - 350 C 24 Hours |
25 - 300 C 24 + 36 Hours . . .
bo-250¢ 3543 Hours Which of those tests you feel is the most difficult one, why?
jS-200C = Ma-G0Hours |
3. Observe for the change in colour of the medium, | What did you do when you first learned to do these tests? Did you immediately remember
4. every step and details after your learning?
a) If the content turns black, water is ot fit for
firinking. Rafer ¢ nt pict : : : .
T DR MR, After you fully learn the test, you have confidence in doing the test. Will you read the
guidance/ manual before your test?
£
B f the content turms into any color other thar E If yes, what will you do? Which part will you read the most and read most carefully?
slack, it indicates that water is free of bacteriolagical
e - Will you feel ' ber how to do the test if you haven't done i d the guid
Add Tew drops of some disinfectant (e, dettol) illyou ge .you can't reme:m er how to do the test i you_ aven't done it or read the guide
henyd etc.) and discard. of a certain time? If yes, which part or step would you feel is the most easy to forget?

Figure 21, How to test the E.Coli in the water with the H2S strip test. After how long times of no practice with the test would you feel | need to look at the

. : . manual before the test?
More information about the H2S strip test at

https://www.indiawaterportal.org/articles/h2s-strip-test-water-quality-testing-kit-bacterio
logical-contamination

If yes, which part will you focus on reading when you recall the test?

Do you have any experience with making mistakes during the test? Do you want to share
some stories that you still remembered?

Do you have any special techniques when you try to remember a test or try to remember a
step?
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Have you used the AKVO service before?
If yes.

How do you think AKVO service helped you during the test?
What will you do with the test guidance that AKVO caddisfly gives you?

Do you still remember some stories that there is any difficulty with using the AKVO
service?

Are you satisfied with the AKVO app? Why?
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Appendix C Telephone interview question

PART 1

General information:

GOAL - Establish an idea of the context and personal situation of the participant

District / Union / Upazilla / Ward / Village

Gender of participant

Nr. |Question
1 What is your name?
2 What is your age?
3 What is your religious belief?

4 'What is your educational level?

household composition: Who lives in your house? - Gender
5 and Age

6 What is your occupation?

7 'What is the monthly income of your household?

8 What is the monthly expenditure of your household?

Who makes the decisions in your household with regards
to:
- Financial decisions
9 - Drinking water

10 Who makes the decisions for your community?

Technology:

F/M

Question type
Short answer
Short answer
Short answer
Short answer

Open answer

Long explanation not
required.(an
indication for age is
also okay)

Short answer

Number - can be an
estimate

Number - can be an
estimate

Short answer /
Open

Open

Can have multiple
answers/ based on
participants
perception

GOAL - Establish an idea about the experience and use of technology by the participants.

Research question / sub-research question
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Nayantara: What is the existing scenario around smartphone usage amongst the community members?
Cheng: What are difficulties of Bangladeshi piped water users in using ICT? What factors may influence

Short Answer -
Prompt with apps
like facebook,

them to learn and use ICT? 20 Do you have apps on your smartphone? whatsapp etc.
Annemarie: Are Bangladeshi piped water users able and willing to pay their water bills through their

smartphones? Do you use it alone or do you require any help from others

Are Bangladeshi piped water users able and willing to interact with their operator and community 21a to use the smartphone app? Short Answer

members through their smartphones?
21b If you require help in what part do you need help with? Open

What smartphone app / function is your favourite to use?
22a Name 2 to 3. Open

Open 22b And why?

Nr. | Question Question type

11 Which electronic devices do you use in your daily life?

What smartphone app / function do you think is easy to
Do you own any of these:

o 23a use? Name 2 to 3. Open
- Television
- Button Phone 23b And why?
- Water pump
- Radio What do you do with your / a smartphone?
- Computer/Laptop - Calling
- Tablet/iPad - Messaging
12 - Smart Phone Y/N - Searching information

- Taking photographs

- Watching videos

- Listening to songs
Y/N (From the - Playing games

If they don't have smartphone:

Did you face any difficulty in learning to use these Devices listed - For educational purposes
13 electronic devices? above) - Making payments
If yes, which devices did you face difficulties with and 24 - Other (please describe) Y/N
14 what were these difficulties? Open What are the three things that you do the most with your
15 Have you ever used a smartphone? Y/N 25 smartphone? Short Answer
Open - Gender and If you receive water information from an app on your
age of person who 26a phone, would you trust it? Y/N
i ? ?
16 Does anyone in your household own a smartphone? Who? owns one 26b Why/ why not? Open
Do you think it will be helpful if you can submit your
If they have a smartphone: queries or complaints about the piped water system to the
Does anyone else in your household own a smartphone? 27a water supplier(s) via a smartphone app? Y/N
17 'What is their gender and age? Short Answer 27b | Why/ why not? Open
Did you face any difficulty in learning to use your Do you think it will be helpful if you can submit your
18a smartphone? Y/N queries or complaints about the water supply to other
28a community members via a smartphone app? Y/N
18b If yes, what were the difficulties? Open
28b Why/ why not? Open

How frequent do you have internet access on your

19 smartphone? Short answer Rank - If possible

From the following list, what are the three most important ' mix the sequence of
29 aspects for you in the current apps that you use: options in each
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- How it looks interview
- How much internet data it uses
- How well you understand the information given in
the app
- How easy itis to learn to use the app
- The space the app occupies on your phone

Information/Communication:

GOAL - Establish an idea of the preferred modes and means to communicate information.
Research question / sub-research question

Nayantara: How can information on water safety be communicated through an app to rural
communities in Bangladesh?

Cheng: How can information on water quality be communicated through an app to rural communities in
Bangladesh?

How can water quality testing procedures be communicated through an app to operators of water
supply systems in Bangladesh?

Annemarie: How can information be communicated through an app to rural communities in
Bangladesh?

Nr. |Question Question type

Open
Channels + people
If you require information or advice, how do you get that?  they get information

30 From who / where? from (detailed way)

From who or where do you currently receive information

31 |about drinking water? Open
Would you like to know more about pollutants in your
32a |drinking water? Y/N
32b And Why? Open
Would you like to know about the consequences of
33a |drinking polluted water? Y/N
33b And Why? Open

Would you like to receive information about which water
34 sources are safe to drink in your community? Y/N

Would you like to know about ways to collect and store
35|your water to ensure it remains suitable to drink? Y/N

36 Is there any other information you would like to receive Open
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regarding your drinking water?

From who and via which medium(how) would you like to
37 |receive this information? Open

Have you ever shared information on the condition of your
38a |drinking water within your community? Y/N

If yes: what was the information and why and how did
38b you share it? Open

Do you ever share information with groups of people in
39 your community? Y/N

40 How do you share the information amongst the group? Open

Choose the top three of the following types of media
which you prefer to receive information on your
smartphone?
- Text
- Photograph/picture
- Barchart
- Symbol (Like on a smartphone)
- Drawing Short answer-
- Audio Describe list to
41 - Video participant
Would you prefer to know:
a. if your water is safe to drink or not
b. exactly how much of which pollutants are in
your drinking water and how much is safe | Option - describe
for your health options to
42 c. Both of the above participant

Part 1 estimated time : 21 minutes

PART 2

Drinking water / Water safety:

GOAL - Establish an idea of the current drinking water situation and awareness of water quality
and water safety

Research question / sub-research question

Nayantara : What types of information needs to be provided to build awareness on water safety for the
communities in Bangladesh?

Cheng: What does water safety mean to you? What do you care the most about related to water safety?
Annemarie: What is the existing knowledge of the community members regarding water quality?

What are the preferences and desires of the community members regarding their drinking water?
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Nr.

Question

Can you explain your activities with regards to using water
43 |during a full day?

From which source do you collect your drinking water?
Multiple answers possible.
- Private tubewell
- Community tubewell
- Shared tubewell
- Private dug well
- Community dug well
- Shared dug well
- Private Piped water supply
- Community tap point
- Spring water
- River/lake water
- Rain water
- Bottled water
44 - Other

45 Why do you use this water for drinking purposes?
46/ What is your most preferred source for drinking water?

47 ' Why is this the most preferred source of water for you?

From where do you collect your drinking water and how
48 long does it take you to get there?

49| What do you use to carry the drinking water to the house?

50 Who collects the most water for your household?

51 'Who collects the drinking water in your household?
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Do you store drinking water in your house? if so where and
52 how?

53 Do you cap the drinking water you store in the house?

Question type

Open - Ask from
Morning to evening
so participant can
organise their
thoughtsina
timeline

Option
Open

Open

Open

Open

Open -

Ask the method of
collection in terms of
containers used.

Short answer - This

concerns all water
collection, not only
drinking water

Short Answer

Open
Y/N

54 If you are thirsty, how do you fill your glass of water?

Do you know what ways your water can get contaminated

55 during collection, storage and use?

Can you name any health issues that can be caused from

56 drinking water?

57 Have you done anything to prevent these health issues?

58 Have you done anything to treat your drinking water?

Can you name any contaminants in the drinking water that

59 might endanger your health?

Please rank the top three: My drinking water should:

- Becheap

- Besafe to drink

- Taste good

- Take little time to collect

- Take little physical effort to collect
60 - Always be available

What are the reasons you would trust your water for

61 drinking purposes?

62 Has your drinking water ever been tested?

63 If yes: by whom and was the result shared with you?

64 |If no: why not?

Would you like your water to be regularly tested to ensure it

65 is safe to drink? Why / why not?

Piped Water System:

Open - Participant
should Describe the
method of filling

Open

Open -

View of the
participant (Need to
take down their
perception)

Open

Open

Short answer

Ranking

Open
Y/N

Open
Open

Open

GOAL- Establish the existing beliefs and practices towards the Piped water supply system.

Research question / sub-research question

Nayantara : What are the perceived uncertainties towards the PWS system?

Annemarie: What are the preferences and desires of the community members regarding their piped

water supply system?
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Nr.

66

67
68

Question

Do you have a connection to the piped water supply
system?

Do you have a private or shared connection?

If yes, then:

69

70
71a
71b

720
72b

73

74

75a
76b

Why do you have the piped water supply connection?

How do you pay your water bill for your piped
connection?

Do you trust piped water for drinking purposes?
Why / why not?

Are you regularly in touch with the piped water system
operator(s)?

Why / why not?

What are the current problems you face with the piped
water system?

What actions do you take when you experience these
problems?

Are you satisfied or dissatisfied with the piped water
supply system?

Why?

If no, then:

77

78a
78b

Why don't you have piped water supply connection

Would you like to have a connection to the piped water
supply system?

Why/ Why not?

Part 2 estimated time = 16 minutes
Total estimated time for part 1 and 2 = 37 minutes
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Question type

Y/N

Short answer

Open

Open
Y/N
Open

Y/N
Open

Open

Open

Short answer

Open

Open

Y/N
Open

Appendix D design guideline

The design guidelines are deduced from the literature review and the telephone interview
result to guide the application design. The design guideline includes application design
guidelines and communication guidelines that fit the Bangladeshi context and the
Bangladeshi user’s requirements.

Application design guideline:

- The app should have good accessibility and usability
The interface design of the app would follow accessibility and heuristic guidelines,
such as Web Content Accessibility Guidelines (WCAG) 2.1(W3C, 2018), Nielsen’s
10 Usability Heuristics for User Interface Design (Nielsen, 1995).

- The application should have interactions similar to the apps that Bangladeshi
users are familiar with
The TAPP interaction design should be similar to the applications that the
Bangladeshi households are familiar with to assist target users to learn the app.

Four applications are mentioned by the telephone interview participants as
easy-to-use applications. They are Youtube, Google Play Store, Facebook, and Imo.
The TAPP will use similar Ul design components as those applications. These Ul
design components include:

- Bottom navigation (Figure 68) has been used in Youtube and Play Store,
allowing movement between screens at the same level of hierarchy.
(Material design, n.d.-a).

-1 oo E3 [ Plﬂ"_l" Stora

oo

CRmes Apps Movies Books Bottom Nauigatinn

= n "'I""L'JUTI.IHE
E.. LE ':,. hrlﬁ |._ Boltom Mavigation

Figure 68, Application design component--- Bottom navigation

The TAPP will use bottom navigation for moving between primary
destinations.

- Tabs (figure 69) are also used for navigation between groups of related
content and at the same level of the hierarchy. (Material design, n.d.-b).
Facebook and Imo use top tabs as their primary navigation, Youtube and
Play Store use tabs as secondary navigation.
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Figure 69, Application design component--- Tabs

The TAPP will use a top tab for lateral navigation when bottom navigation
is not capable, allowing users to move between screens at the same level

of hierarchy.

The card (Figure 70) is used in the four easy-to-use applications for
containing contents and actions of a single subject.

Card
I Facobook LI
i ;

Card in

Woudulte LI

Souno o Denp S, Brla wawin 10
'ﬂ HarE | e i S ompop Foros Fog. Swas

Dihwcover recommended games B Card in

= p1.l'|.' Stanm LI

Figure 70, Application design component--- Card

TAPP will use cards to organize content, such as water quality test requests

and water quality test results.

The Top bar displays information and actions relating to the current screen.

Figure 71 shows different top bar design in four easy-to-use applications.

These app top bars show actions(searching, calling, reverse navigation, Etc.),

and information (title).

M 51 R 11158 +m  Farebook
facebook G &P | Tophbar
[HosM® @em  RE
. Imao
Chen '
& TN “ W oo bar
M S R 1200 g ¥ LS F"|a'_~.-' Store
- a : Topbar

%  Wirlual Tour of the faculty of Induzirial Design Engine

Youtube Top bar

Figure 71, Application design component--- Top bar

The water quality part of the TAPP will use a top bar for display information

about the current page and for Reverse navigation.
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- Dividers (Figure 72) are often used for dividing contents into different sections

to make the user interface more organised.

&

@ M0 Team
Hi Chesnig, vweloomes 1o ima

B+ add Friends
[ MyFiles

—  Maie

ﬁ Hello Korea SUBSCRIBE

HI 7% subtmcrbers
Comemants 123

ﬂ Audid o public cammesT

Imao
Full-blesd dividars
& inget divider

Imo
Full-blead dividers
& inset divider

Facebook
Full-bleed dividers

Youtube
Full-bleed dividers

Figure 72, Application design component--- Divider

The TAPP app will use dividers similar to the dividers showing above.

Five Ul design components from the easy-to-use applications are analysed. These
Ul design components included Bottom Navigation, Tabs, Cards, Top bar, Dividers.
The TAPP app design will use these components to provide navigation, organise
information, and actions. The design of these fundamental elements will have
similar interactions to the four easy-to-use apps to lower the user’s difficulty of

learning to the TAPP application.

Communication Guideline

Communication guidelines are concluded from the literature review to guide how the
application efficiently delivers information to Bangladesh local households and operators.
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Use minimal text
According to Medhi(2010)’s research on designing ICT for functionally illiterate

users, the text in the app should be short and explicit with less decorative words to
make the text easy to understand for the potential semi-illiterate user. The app
could use the minimal text for the user to understand the information, learn the
app, and navigate through the app (Medhi, 2010).

Use icons/graphics that is less abstract to explain ideas
Using icons and graphics is a useful and efficient way to deliver information since

visuals are usually interpreted similarly even when users speak different languages.

The icons could also serve as a landmark for illiterate or semi-literate users to learn
to use the app and navigate through the app.

When designing the icons and graphics, the design should avoid making
ambiguous graphics to help the user clearly understand the image without
misunderstanding.

The design guideline will be used to guide the design of the consistent visual language
and the design of the application.
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Appendix E Consistent visual language design

First ideation

In chapter 5, an opportunity for test guidance is concluded from the research of the test
experience. A consistent visual language for test guidance will be designed to let the tester
receive better guidance with TAPP during the test process i el W oy ey

Visual style @ £J @ @ ‘5"1
:u:-:- s wlgmie by

Before designing the visual language, the visual style is first decided. Based on the i Work Permit lmemigration
communication guideline in chapter 6.2, the visual language should have a realistic visual

Flat design is a minimalist design style that uses flat two-dimensional shapes with a bright
colour to visualise physical things. It is getting more popular in the interface design.

style. There are two ways to make the visual style realistic. The first way is using Figure 74 Bangladesh apps with flat visuals.
photographs of the test process to guide the tester; the other way is creating realistic
pictograms and icons to represent test kits and test processes. The consistent visual language is first designed with both linear design and flat design.
After the first ideation, there is a comparison of how these two visual styles guide water

The main differences of using pictogram and photographs are: quality tests in chapter 9.

- Itis easier to create pictograms with a consistent visual style. | _

- Itis easy to highlight important elements with a pictogram visual guidance to show m’“ﬁr:wm““““m" m‘:ﬁm‘:m*"ﬂm“m;

detailed information and test difficulties, thus enabling testers to grab important & i @ 1. '?3_

information easily.
- Local operators will receive sufficient training before going to do field tests. They Jr— e # d i
will be able to understand the pictogram after training. T

The design team decided to design pictograms to visualise the test process, but not using e -"__-‘I

photographs
Figure 75, First ideation of consistent visual language in Linear design style (pink and blue)

Two different design styles are chosen for the design of the pictogram. Linear design

(figure 73) uses lines to outline an item, and it is widely used in Bangladesh applications, Step 4 Adding 1 measuring spoon of Arsenic-2,
. . . . . . . . . shake gently for aboart 2 secs

including (bKash, popular mobile financial application; My Gov, application for Bangladesh \

government; Etc. 1.

il

i [ I =
= e wan g W -
+
et o whurn | e B | e | P Figure 76, First ideation of consistent visual language in flat design style

— = - — 0 - There are two different colours for the linear visual design, pink and blue. Pink is used in
=5 L By —| ( 2 \g o E some Bangladeshi apps, while blue is also a popular colour used by Facebook and Imo. In
- -

BendManey MobleFechage  Cashihi  hake Papmend . — . . .
E @ a - ' = i some countries(for example, India), blue is the colour that represents clean water.
. T W[} i S —— =g
Bk tdriamy By Bl Tickot (T bl ) i ; Design
The design of the consistent visual language includes
*:'_3;;' PERSONAL ACCOUNT 1. visuals of the test kits
Bs _;:i'fr;-, ',",'fr':l'n;,,':a'ﬁf:m ,:'.':.w 2. How to combine visuals of different test kits to summarize the information in the

guidance into visuals.

Figure 73 Bangladesh apps with linear visuals. Visual for test kits:
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The visual language realistically depicts the items in the kits (figure 77).
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Figure 77 Test items in visual test language.

There are several visuals designed for the same item. These visuals are tested in chapter 9
to research which visual is more welcomed by the users.
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Figure 78, different visuals for the syringe.

Operational information

There are two ways to visualize the operational information in the guidance. For some
steps, there will be a visible change with the test kits, such as “open the vial” “fill the
vessel.” The visual of these operations should show the result of the operation, how the

test kit gets changed.

Action (3how e resull of the Siep)
Coniainer with waler Cipan ial Reagani packel opened Chpen iessed
T
‘ Iron

Figure 79 Operational information in the visual test language

Some operational information focuses on showing a particular movement, such as “shake
the vial.” “compare the strip with the colour scale.” Or there is hardly any change with the
test kit after the operation, such as “rinse the vial.” In these situations, the operational
information visual will focus on showing the process, how the testers would perform.

Actinn (Shi B procsss of The sisp)

Compara

=t

O
O
O

4
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Figure 80 Test action 2 in the visual test language

Detailed information
Detailed information is highlighted in the test guidance to help the testers to grab the test
details quickly.

Type and amount of reagent
The test guidance will clearly show the amount of reagent and the type the reagent on the
top right corner of each visual guidance (figure 81).

Add reagent

SR

Figure 81 Detailed information (type and amount of reagent) in the visual test language

Amount of water

Figure 82 and 83 shows two ways of showing the amount of water. Some guidance
shows the amount of water with a portion of the container (Half of the vial). The guidance
should realistically visualise the shape of the container and clearly show how to measure
water with the container to avoid giving ambiguous guidance.

particn

Ha i

Hiakf

Figure 82 Detailed information (amount of water) in the visual test language

The visual will show the amount of water in milliliter on the right side of the visual
gandance. and highlighted the number.
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Armalmt in mi

Figure 83 Detailed information (amount of water) in the visual test language

The amount of time

The visual guidance will show a clock to tell the user that these visuals are related to the
amount of time. The test guidance will show the amount of time with the number and its
measurement unit(usually in minutes and seconds). The visual focus highlights the time
and makes the unit of time smaller. Since the difference between minutes and seconds are
quite big, so the tester can choose the right unit of time for the steps that they are familiar
with.

Time

10 5

A min > ) Sec
-} ¥ .
—— Y :..—:_:I:,- : H&
O\
?;L'”_ - R
N

Figure 84 Test details(amount of time) in the visual test language

The visual language
Figure 85 is an example of the visual guidance of a test step design with the consistent
visual language.
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Dip a test strip into a sample vial and rapidly move
back and forth underwater for 20 seconds.

?% .20

Sec

Figure 85, Visual guidance of strip test

Text guidance, operational information guidance, detailed information guidance together
make up visual guidance. The text guidance is explaining how to perform the step. On the
right part of the visual is the visual of the operational information, visualising how to
perform the test. On the left side of the visual is the visual of the detailed information in the
test guidance.

Text guidance

Dip a test strip into a sample vial and rapidly move
back and forth underwater for 20 seconds.

20

Sec

Operational infoermation Detailed information

Dip @ test strip inbe o sample vial and Far 10 seconds
rapidly move Bock and forth underwater

Figure 86, Visual guidance of strip test
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The visual guidance designed with the consistent language will meet the tester’s various
needs in memorising the test process. For recapping the test process, the test could go
over the detailed information on the right side of the test visual. The testers could recall or
learn the test process by reading through the text guidance and checking the visuals of the
operational information.

The evaluation of the consistent visual language will be evaluated with Bangladeshi NGO
staff, Bangladeshi non-smartphone users, previous field testers, and people with less/no
strip test experience, aiming to evaluate the style and design of the visual language with
both current strip tester and potential testers.

After the evaluations, the consistent visual language will choose the visual style/visual
design that is welcomed by most users. Some visuals that would cause confusions will be
redesigned.
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Iteration

The following visuals are iterated based on the evaluation result. The colour of the visual

will use blue.

1st Ideation

Siep 1, Rinse sample vials with sample water
bwice before coch use

x 2

StepH,  Fanse sample vials with elean water
after each use.

—| 10

G?__% 1. 'i:m,.._:—B_

i o

87: iteration of the consistent visual language
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Final design

Step 18 Rinse somple viols with somple
waater twice before epch use

Step 11, Rinse sample vials with tap
weaber ofter each use,

O

A 1.
]
Hs o2

Figure

FInal design

Step 1, Rinse somple wials with sample water

twice before each use

Step 3, Open one foil packet ond odd powder
contenls o oviol

Step 5 Dipotest strip into o somphs wiol ond
rapidly mowe back and forth underwater far 15
sEconds,

te— O

ﬁ"""-—-._

Step 7,  Immedictely compare the test pod to
colar chart and record results. Estimate resalt if
color on test pod falls between two cobor blocks

d

(00000

Step 2,  Fill sample vial HALF FULL with sample
water.

 _

Step 4. Cop viol ond shoke ropidly for 5 sec-

w o (K 3

Step B, Remowe ond shoke expess wober from
the test strip

e

a

Step B8, FRinze somple vials with clean water
ofter eoch use.

Figure 88: Final design of the consistent visual language
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Step 1: Rinse sample vials with sample Step . Uising the syringe, fill 3 x 10 ml somple
waater twvice before each use solution inta the reactiaon wessel

5 g 3

Step 3: Adding 1 drop of Arsenic-1. shake Step 4: Adding 1 measunng spoon of Arse-
gently for obout 2 secs nic-2, shake gently for about 2 secs

1.0 M2 .55 L2

Step & Adding 1 meosuning spoon of Arse- Step & Immediotely ofterwards bend the test
nic=3, shake gently for about 2 secs strip with the test field obout 2 cm deep into
the reaction vessel and then fit the ld.

(;Q:‘\\)E‘
.52 D2 ~A\___2¢m

Step 7 Tovent the reaction vessel, pierce the Step & Wait 10 minutes.
lid wath the meedle ond leave the needie in the

i 10

\ min

Step % Afterwands dip the test strip with the Step 10: Shake off excess liquid and compare
test field into distiled water for two seconds, with the coleur scole.

[~z ¢

Ooooo

Appendix F Ideation of application component

Besides the visuals for test guidance, there are several application components that are
designed based on the design guideline and design requirement. The TAPP is made up of
these application components.

Different water source are visualised with icons(figure 90).
N s

o

[ ]

s

L
S L
-
Filtration system Household private
purmp

Figure 90, icon for different water sources.

For the same icon, different colours are used to show the test result(figure 91). According
to DPHE (n.d.) green is used to show the water is safe to drink and red is showing the
water is not safe to drink. Yellow means the water is at risk to drink, if the test result is
above WHO guideline but lower than the Bangladesh standard. Gray means there is no
test result yet, please wait for the test result.

N
= @

Favl il 1o drani sale 1o drink

J"':\ y '
E
£

Bt rigk b drink

i

waiting for

Figure 91, different test results of households tap water.

Figure 89: Final design of the consistent visual language (simplified guidance)
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Buttons in the application have icons and text to show the function of the button, aiming at
guiding user with low literacy level to understand the application (figure 92).

f Finish Bdin

¢ Previous step Mext step >

Figure 92, Application design component: Buttons for different application functions.

x SKIp Qu dance

The design of the application component makes the application design easier. The
application will use these components to show information and interactions.

Appendix G test plan

Test Plan:
Day O:

- See the test video(iron test), or | will explain how to do the strip test(Arsenic test).
Day 1(test):

- First, explain: What is the PWS system. What is the water quality test?

Introduction:

In Bangladesh's rural area, piped water supply (PWS) is a good option to provide safe
drinking water of good taste. In a PWS system, groundwater is pumped through a
filtration system to remove Arsenic, Iron, Manganese, etc — if required. After treatment, the
cleaned water is stored in a water tower until it is supplied to the customer with pipelines.
There are operators responsible for the operating(switching on and off the system to
supply water to the customer), cleaning and maintaining the PWS system.

Main pipe supply
& groundwaler pump
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strip and the reference card. The operator will give a final result based on their own
subjective reading result while using the objective reading result given by TAPP.

Sometimes, the test result is caused by accident and human error. To improve the
reliability of the test result, the tester needs to do 2 or 3 times of water quality test, until
they receive 2 similar water quality test results.

This project is aiming at designing the water quality monitoring part of the TAPP. The
customer will use the TAPP to request a water quality test, and receive water quality
information. The operator will approve the water quality test request and execute the
water quality test guided by TAPP

This test is a usability and function test of the TAPP prototype. In this test you will first

- perform as a customer and later perform as a PWS system operator.

tap point

PWS system customer
In this task, you will perform two different roles in two different scenarios. The first role is a

To help the customer and operators to communicate, collect PWS system water PWS system customer. You live in a family with € people, 3 kids, your husband/wife, and
information from the field, and share water quality information to the field, the TAPP-BDP your parents (80 years old). There is a private pump that provides the groundwater to you.
application is designed, its function includes service delivery, education package, And you are also connected to the PWS system, with a pipeline and a tap, you have
interaction, payment, and water quality monitoring. access to the water from the PWS system. You are responsible for arranging the drinking

water for the whole family, you need to research/check which water source is safe to drink
To monitor the water quality throughout this system, water quality tests (including, strip and share your findings with your family members.
tests and bacteriological tests) will be executed to test the water quality. Strip tests are an
easy and quick way to test water quality in the field. It is, moreover, much cheaper than
expensive lab testing. Strip test kits usually consist of a test strip with a chemical patch, a
reference card, and reagent(s). It provides a semi-quantitative result of the water quality,
which can be read by comparing the colour of the strip with the colour reference card.

strip battle

Vial

E— T —

e ’

.
Rea e LN
o — g = z L
Figure: on the left is your private hand pump, on the right is your tap that is connected to
There will be a subjective reading result given by the tester. And also an objective reading the PWS system.

result, given by the TAPP application, by using the smartphone camera to read the test
Test scenario:
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One day, there is a strange metal taste in your drinking water from the PWS system tap.
You are wondering what is happening with the PWS system. There is no strange colour
with tap water.

Task 1:

First, you decided to use TAPP to check the latest water quality information about the
water in the PWS system water tower. You are concerning your drinking water quality,
and want to find out the problem

You want to find what is the main contamination in the drinking water, and whether these
contaminants cause the bad taste in your drinking water.

Task 2:
(It seems that last month, there is no contamination in the water from the water tower that

could cause the current problem.)

You decided to use the TAPP to request a field test from the system operator to find out
the problem with your PWS system tap. You have free time on Thursday afternoon and
Friday morning to invite the operator to visit your house to do a water quality test. If you
have difficulty with filling in the request form, please call the operator.

Task 3:
Now you have submitted your request, and the operator will come to your house to do the
water quality test the day after tomorrow. You remember there was a water quality test of
your household'’s private pump last year. You want to check the water quality test result of
the groundwater from your pump. See whether the groundwater is safe to use as drinking
water.

PWS system operator

Your second role is a PWS system operator of a Bangladeshi village. Every morning, you
will switch on the system. And every night you switch off the system. During the daytime,
you are responsible for monitoring and maintenance of the PWS system. For monitoring
the water quality of the system, you need to execute water quality field tests and collect
sample water and send it to the DPHE laboratory to do water quality laboratory tests.

Task 1:

A household from your system requested a water quality test, you want to approve the
water quality test request and execute the water quality test for the households. Before
approving the test result, you will call the households to confirm their test detail, test time,
and their payment methods. After you confirm all the information, approve the drinking
water quality test request.

Task 2:

It is time to do the regular water quality test for the drinking water in the water tower.
Please start the test with TAPP.

For monitoring the water quality of the water tower, you need to test Arsenic(or iron) and
check out whether there is bacterias in the water.

Task 3:

You will perform a water quality test for bacteria, you will start the bacteriological test with
TAPP, follow guidance to collect samples and set a timer for the incubation period. After
the incubation, you will type in the bacteriological test result with TAPP.

Question for evaluation

Task completion (count while participants perform the test)
Whether the user could use the application to finish all the tasks?
What difficulties do you have while using the application?

Question after the evaluation
The participants will answer these questions after using the TAPP customer app and
TAPP operator app. The question answer is collected with questionnaire

Usability:
Do you feel the application is easy to use? (Likert scale, 0-7)
Do you feel the application is easy to learn? (Likert scale, 0-7)

Research target experience:
Clear-structured:
Do you feel easy navigating through the application? (Likert scale, 0-7)

Instinctive:
Can you understand the information about drinking water quality easily? (Likert scale, 0-7)
Do you feel they can understand the application function easily?

Achievement:

Do you think they learn something new by using the application? (Likert scale, 0-7)

As PWS system operators do you think they have contributed to the monitoring of the
PWS system by using the TAPP? (Likert scale, 0-7)

As PWS system customers do you think they have contributed to the monitoring of their
drinking water quality? (Likert scale, 0-7)

Guidance design
Do you think the guidance is easy to recognize?
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Appendix H App evaluation result

Question answers:
Customer application Usability(easy to use & learn)
Task completion

TAPP (water quality) for customer TAPP (water quality) for customer
Task 1: Check water quality test result of water tower Easy to use Easy to learn
simmna 7 78 ® ™
Task Task compeletion Usability issue Ea—n . 5 - avg: 5.875
Find woter tower Sl 5 - L :
information 900900060 @ pgglem s e 5 . "4
4 * .
4
Find whether the water
3
15 contamirgted . . .' . . '.' . . . . E
2
Find the main con- ........ 1
tamination 1

Task 2: Request water quality test Figure 94: Result: Customer app: easy to use and easy to learn

Task Task compeletion Usability issue Experience objective:
Structured
;Tf,;f;ﬂ‘:t'}’ﬁ:’u‘;;“:-tf’ 0900 000CO® O E:EE:Lm TAFPP (water quality) for customer
Eosy to navigate
Select type of water D . .' 'I::] . D E} . . small 7 .
suppply problem
] . ® ®
: 5625
submitthetestrequest © OO 00O OO 5 s =
4 . .
3
2
Task 3: Check water quality test result of private pump )

Task Task compeletion Usability issue
Find the list of private Criticol
water quality test O G . . . . . O pmllarern
Find the lotest pump

Find ek 00000000

Dicide whether this .... '...

wiater is drinkable

Figure 95: Result: Customer app: easy to navigate

Figure 93: Task completion customer app

146 147



148

Experience objective: Instinctive

TAPP [water quality) for customer
Easy to understand application function

F - L

awvg: 5625 —
L

B
]
d
3
2
1

Figure 96: Result: Customer app: instinctive

Experience objective: Achieved:

TAPP (water quality) for customer
Have learn new things

A

L+ & 8

s : avg: 4875 —
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1

Figure 97: Result: Customer app: achieved

TAPP (water quality) for customer
Easy to understand water quality
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B ] [ ]
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4

3

2
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TAPP (water quality) for customer
contribute to monitor drinking water

7e o @ .
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3

2
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Operator application
Task completion

Task 1: Approve test resuest

Task
Open notification
Call the househobds

Edit test request

Approve test request

Task compeletion

00000000
00000000
00000000
00000000

Task 2: Request water quality

Task

Open notificotion

Fillireg in the multtime-
ter result

Stort (executa)
Arsemic test

Give test resolt

Parform tests multiple
times bosed on results

Soave final result

Task compeletion
00000000
00000000
00009000
00000000
00000000
00000000

Task 3: Execute bacteriological test with TAPP

Task
Stort bictirologicol test

Set timer for incubat-
ing the sample

Open notification and
select result

Finlzh test ond submet

Task compeletion

00000000
00000000
00000000
00000000

Figure 98: Customer app: Task completion

Usability issue

Usability issue

Sorious
@ problem

Critical
problem

Serious
. problem

Usability issue
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question results:
Usability(easy to use & learn):

TAPP (water quality) for operator

Eosy to use
7 ®

B
5
4
3 ]
Fi
1

TAPP (water quality) for operator

Easy to leam
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Figure 99: Result: Customer app: Usability(easy to use & learn):
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Figure 100: Result: Customer app: Structured
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Figure 101: Result: Customer app: instinctive
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Figure 102: Result: Customer app: instinctive

151



Appendix 1 PWS system governance system

Househelds whe use the PWS system Product; The locilities of the PWS system.
. . = They benefit from the clean water provided Senvice: An relatively posy oocess to purified
To better describe the work system elements, a method called work system snapshot is by the PWS system .
developed by Alter(2002). It could quickly summarize different elements in a work system. They ove feedback to the PWS system Service: Workshops that shares educational
PEEROrT ELEREIT) BB Sumet rforrmotion about how 10 sobehy use water,

Payinstaliction fee and monthly vweater bill
The work system snapshot of the PWS system governance system is created based on a

hypothesis scenario. In that scenario, the TAPP application has been successfully : :
implemented in the Bangladesh field to assist the water service providers and the e BN e S P e

operators in the operation, monitoring, and maintenance work.

1. PWS instollation 3, Repoair and Maintenance of the system to
- Alter recenang instollabon fees, the water keep providing clean water to the customer.
The work system snapshot is concluded based on discussions with Annamarie and the Service F"“'—"ﬂ:" I5 respongible for the instal- Water Lervice provider check the wotes
: : . . Iation of the PANS system jueality ek reaults and decide syshem status
previous research on the water quality test and PWS systems in Bangladesh in chapter 1, - Cipenokors dodrig bask cleoning and moknte-
2. 2, Reqular tasks nonce work
Operator svntching andaff the FWS system Y e R R biml” ool
. . . . . Ny i B ol reposrment of the sysbem o | Bl
Figure 103 is the work system snapshot that quickly summarises different elements of the every day fg e L R
. . Operaters add chlonne takiets and elean Wvaber servioe provider updote e mom
PWS system governance system. The elements written in yellow are the elements that are the water tower regubarly tainance information, system stotus 1o the
. .. . . . . houcEbh ol
not doing sufficiently in the current scenario; elements that are written in red are the e
elements that could be added after the implementation of the TAPP app. 3, Doing water quality test to research the
wiaber guality, monitor the system stotus
LAperaies sl B vs system wioter Quadity 6, Communicate with househalds
SO, Operatorfsiater sandce provider recajve
-::-I_ Ot s resoond o cusiomer § reausest « f nauseholds” woter quadity check reguestBiieed
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(; L. E TR 15
anter I shi 1
4, Collect Payment nlarrmonscn aboul hiow Do wse wial
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= Operotorioccountant colfect instoliation fee
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= Oiperator: responsible for the Water quality test result = Wiatar quality feld tast
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sOter cueality test Elamylamnosce il onmotsan TAFPP=-BLDIF Smartphione
 [alnd ity e ]
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Ble tor arranging and mansging
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realted 1o FYY S system with [he
households.

Figure 103 Work system snapshot of the governance system of the PWS system in
Bangladesh.

Figure 104 shows the additional elements (Environment, Strategies, Infrastructure) of the
PWS system’s governance system.
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Environment Strotegies Infrastructure
Limitations in Bongladesh hMobile crowd participetion TAPP-BDP degign team
rural areas methasds Weater guality test trainencg
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Syshism bedm (Exterrsal mechanics)

There are various situations /
governing system with hun-
dreds of PWS system,
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ent stokeholders,

Houscholds who connect to
the PWS system, scattered
around the village.

- & long pipelkne that connects
households with the PAWS
cystem has a greater possibility
af hawving papeline leokoge

Figure 104 Additional elements that influence the monitor and maintenance system.

Before implementing the TAPP app, for the monitoring and maintenance job of PWS, the
governance system of PWS maintenance is missing several elements. These missing
elements include “an efficient monitoring process and maintenance process”,
“participants---operator who executes water quality as a monitoring tool,” and
“information-- water quality test information.” Figure 105 shows how the implementation
of the TAPP app completes the current governance system’s missing elements with
monitoring and maintaining the PWS system.
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Figure 105, The change of the governance system after the implementation of the TAPP
app.

With the implementation of the TAPP app in the future, the governance system is almost
complete, however, a detailed business process to guide the monitoring and maintenance
work is still missing. A design of a monitoring model and maintenance process is needed
for the governing of the PWS system.
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Appendix ] Monitoring model & maintenance

process
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Monitoring model & maintenance process for filtration system’s function
The PWS system filtration system can sometimes have a malfunction, causing the
households to receive water with chemical contamination. A monitoring model and a
maintenance process are designed to guide the monitor and maintenance of PWS system
filters with its cleaning function, solve system issues, and provide safe water to
households.

The first step to monitoring the filtration system's chemical contamination is doing water
quality tests to its in-flow water and out-flow water. The chemical strip test will be done
once every month, and lab tests will be done once every six months for regular testing &
monitoring of the PWS system. The testers will arrange extra chemical lab tests to verify
the strip test result, which shows chemical concentration level above the standard level,
before making any conclusions and maintenance work.

After the water quality test, a conclusion of the system status is made from the water
quality test result.

The water quality test result of the in-flow water will decide whether there are more
contaminants in the groundwater and whether the water source is still safe to use.

More contaminants mean the chemical concentration level is above the standard before,
but now it is even greater; or the chemical concentration level is initially lower than the
standard, but now it is above the standard, the groundwater has one more chemical
contaminant.

The water quality test result of the out-flow water shows the filtration system's status, is it
still functioning and working properly. There are four different system status based on the
test result.

1. The filter is not capable of cleaning with the more contaminated groundwater.
When the in-flow water is more contaminated, and the out-flow water also shows
chemical contamination. The filter might still work, but the filter is not capable of
removing the chemical contaminations anymore.

2. The filter is still working and capable of cleaning with the more contaminated
groundwater.

When the in-flow water is more contaminated, but the out-flow water shows no
chemical contamination, the filter is still working and capable of removing chemical
contaminations even if there is more contamination in groundwater.

3. The filter is not working.

The in-flow water contamination remains the same, but there are chemical
contaminants in the out-flow water. The filter is not working properly to remove
chemical contaminations.

4. The filter is working properly.

The in-flow water contamination remains the same, and there are no chemical
contaminations with the out-flow water, so the filter is still working correctly.

According to the four different filtration system status, the following maintenance could be
arranged by the service provider.

When the filter is not capable of cleaning with the more contaminated
groundwater, the operators or service providers should contact DPHE to inform
them of the geography change in the groundwater, They should also change a new
filter to clean the more contaminated water or change to a new water source that
the filter is still capable of cleaning chemical contamination.

When the filter is still working and capable of cleaning with the more contaminated
groundwater,

more contamination in the groundwater will influence the filtration system's life, as
filters need to clean more chemical contamination. The water service provider longs
to inform the DPHE of this geography change and calculate the filter's life again.
When the filter is not working, repair the filter or change a new filter, make the filter
working correctly again.

When The filter is working properly, no repair is needed.
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Figure 106 and 107 are an overview flow chart of the monitoring model and the
maintenance process, which the testers and service providers could follow step by step to

Monitor model of
the filtration system with its function of cleaning groundwater

LA » sy fune E 'l._:!ll?l -‘?"_.'.l_:l':.'i:-";
Water quality test [ onciusion

Maintenance process of

the filtration system with its function of cleaning groundwater
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leodir c MmOentemance

Strip test
Filtration in-Hows
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Arrange
wiater guality
Lob tost
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Filtration out-flow
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Figure 106 Flow chart: Monitoring model of guiding the monitoring work of the filtration

system’s function.

Figure 107, Flow chart: Maintenance process of guiding the maintenance work of the

filtration system’s function.
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Monitoring model & maintenance process design for filtration system &
main water tower with bacterial contamination problems.

Bacteria can contaminate the main water tower and pipeline, bringing bacterially
contaminated water to each household. It is vital to have efficient monitoring and
maintenance work to the main water tower and pipeline with bacterial contamination
problems.

To monitor the main water tower and the pipeline, bacteriological tests are done by the
testers once every week. The tester first executes the chlorine strip test to determine
whether there is sufficient chlorine to protect the water from bacterial contamination. If
there is insufficient chlorine in the water, the testers will execute the bacteriological field
test to research bacteria's existence.

The water quality of the pipeline water could be used to detect the pipeline's
contamination and draw the conclusion on pipeline status. From the water quality test
result, four different pipeline status is concluded.

- Main water tower contaminated with bacteria:
If the whole system (main water tower and the home water storage of different
areas) shows bacterial contamination, the main water tower might be
contaminated with bacteria, and the bacteria go through the pipeline to each
household's water storage.

- Pipeline leakage at the main pipeline:
If the main water tower is not contaminated, but all area's households' water
storage shows bacterial contamination, there might be a pipeline leakage at the
main pipeline.

- There is a pipeline leakage within this area:
If the main water tower and other areas' households' water storage shows no
bacterial contamination, only this area's households' water storage is
contaminated, there might be a pipeline leakage within this area.

- There are no system issues:
If the water tower and all households' water storage is not contaminated, then the
water is free from bacterial contamination, and the system has no system issues.

After the water quality test, the tester concludes the main water tower's status from the
test result. If there are bacterias in the sample water, the water towers are contaminated

with bacteria.
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Testers and operators could arrange maintenance work based on the conclusion of the
water tower and pipeline status. These works include adding chlorine tablets, cleaning
water storage, and fixing pipeline leakage.

Figure 108 & 109 shows a flow chart to summarize the design of the monitoring model &
the maintenance process for monitoring and maintaining the main water tower and
pipeline with bacterial contamination.

Monitor model and maintenance process of the main water
tower & pipeline water with bacteria contamination
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Figure 108, Flow chart of the monitoring model & maintenance process of the pipeline &
main water tower with bacterial contaminations. (part 1)
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Monitor model and maintenance process of the main water

tower and pipeline with bacteria contamination (part 2)
Pipeline leakage monitoring and maintenance
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Figure 109, Flow chart of the monitoring model & maintenance process of the pipeline &

main water tower with bacterial contaminations.(part 2)

Monitoring model & maintenance process design for the pipeline and
households’ water storage with bacterial contamination problems

The households’ water storage and pipelines demand monitoring and maintenance as the
bacteria forms with pipeline leakage and staying in the water storage for too long. A
monitoring model and a maintenance process of households and pipelines are designed to
guide the monitoring and maintenance work.

To monitor the bacterial contamination situation and the system status, the bacteriological
test will be done once every week at the out-flow water of the households’ home storage
(households tap water).

The out-flow water’'s water quality determines the household's home storage unit's
bacterial contamination status, which guides the operators and service providers'
maintenance work. If there are bacterial contaminations or insufficient chlorine in the
household's water storage, the operator could kill bacterias, maintain the water storage by
adding chlorine tablets, and clean the water storage.

Figure 110 shows two flow charts to summarize the monitoring model and the
maintenance process design for households water storage.
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Egglgﬂr Appendix K Graduation brief

Monitor model and maintenance process households storage
unit with bacteria contamination

IRRECOCHISIORNN i & maintenano I D E M a Ste I G ra d U at i 0 n

Project team, Procedural checks and personal Project brief

This document contains the agreements made between student and supervisory team about the student’s IDE Master
Graduation Project. This document can also include the involvement of an external organisation, however, it does not cover any
legal employment relationship that the student and the client (might) agree upon. Next to that, this document facilitates the
required procedural checks. In this document:

The student defines the team, what he/she is going to do/deliver and how that will come about.

SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student’s registration and study progress.
IDE's Board of Examiners confirms if the student is allowed to start the Graduation Project.

[eouble-check the woter

guality after mofntenance .
besis G- Flows vrher
Ab heme wacher & 5ne-

@) USE ADOBE ACROBAT READER TO OPEN, EDIT AND SAVE THIS DOCUMENT

Download again and reopen in case you tried other software, such as Preview (Mac) or a webbrowser.

[
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Chicrine | Chlcaing

STUDENT DATA & MASTER PROGRAMME
Save this form according the format “IDE Master Graduation Project Brief_familyname_firstname_studentnumber_dd-mm-yyyy”.

L I Complete all blue parts of the form and include the approved Project Brief in your Graduation Report as Appendix 1! @

@il - Pl wraber of hams
O AROr g

Yes No family name _Cheng Your master programme (only select the options that apply to you):
There ane Tt B el s . )

bcctaitos bacharics initials € givenname Guo IDE master(s): Dfl () sPD)
{ { student number 4795687 2" non-IDE master:
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winbactesa [ nobe :'!J_"'hpfﬁ-'_] zipcode & city honours programme: () Honours Programme Master )

country specialisation / annotation: ( ) Medisign )
Audd chiodne tablet ta phone ( ) Tech. in Sustainable Design )
e L email ( ) Entrepeneurship )

SUPERVISORY TEAM **

Fill in the required data for the supervisory team members. Please check the instructions on the right !

figure 110 Flow chart: check households bacteriological contamination _
Chair should request the IDE

SDE Board of Examiners for approval

** chair Jan Carel Diehl dept. / section: . .
pt./ of a non-IDE mentor, including a
**mentor _Gert Pasman dept. / section: HCD motivation letter and c.v..

2" mentor _Annemarie mink Second mentor only
applies in case the

assignment is hosted by

organisation:  TU Delft Faculty Of Civil Engineering and Geosciences

city: Delft country: - Netherlands an external organisation.
comments @ Ensure a heterogeneous team.
(optional) In case you wish to include two

team members from the same
section, please explain why.

IDE TU Delft - E&SA Department /// Graduation project brief & study overview /// 2018-01 v30 Page 1 of 7

164 165



s
TUDelft
Procedural Checks - IDE Master Graduation

APPROVAL PROJECT BRIEF

To be filled in by the chair of the supervisory team.

chair _Jan Carel Diehl date - - signature

CHECK STUDY PROGRESS

To be filled in by the SSC E&SA (Shared Service Center, Education & Student Affairs), after approval of the project brief by the Chair.
The study progress will be checked for a 2nd time just before the green light meeting.

Master electives no. of EC accumulated in total: EC . all 1* year master courses passed

Of which, taking the conditional requirements
into account, can be part of the exam programme EC . missing 1° year master courses are:

List of electives obtained before the third
semester without approval of the BoE

name date - - signature

FORMAL APPROVAL GRADUATION PROJECT

To be filled in by the Board of Examiners of IDE TU Delft. Please check the supervisory team and study the parts of the brief marked **.
Next, please assess, (dis)approve and sign this Project Brief, by using the criteria below.

¢ Does the project fit within the (MSc)-programme of M) APPROVEDI) NOTAPPROVED)

the student (taking into account, if described, the

activities done next to the obligatory MSc specific ) APPROVED r) NOT APPROVED )
courses)?

¢ |sthe level of the project challenging enough for a
MSc IDE graduating student?

® |sthe project expected to be doable within 100
working days/20 weeks ?

e Does the composition of the supervisory team
comply with the regulations and fit the assignment ?

comments
name date - - signature
IDE TU Delft - E&SA Department /// Graduation project brief & study overview /// 2018-01 v30 Page 2 of 7
nitials & Name C Cheng Student number 4795687
166

Title of Project A digital intervention to test drinking water quality in Bangladesh

%
o TUDelft
Personal Pro;ect Brief - IDE Master Graduation

A digital intervention to test drinking water quality in Bangladesh project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

startdate 25 - 03 - 2020 18 - 08 - 2020 end date

In the 1970s, Bangladesh installed tube-wells to supply groundwater to communities to avoid people getting sick by
drinking bacterially contaminated surface water. However, after installing groundwater tube-wells, they found the
groundwater may get chemical contaminated with arsenic, manganese, iron - and in coastal areas the water is highly
saline. In the following decade, Bangladesh people get severely affected by water contamination. Overexposure to
these substances has health consequences. Chronic arsenic exposure, for example, causes severe health issues
including skin lesions, damage to the nervous system and causing cancer in lung, skin & bladder. Due to the in-house
storage of pumped water and hygiene issues in handling the water, the bacterial contamination still remained a
problem.

For water safety, a piped water system is desirable, as it offers the opportunity for central treatment, operation, and
maintenance. A piped system pumps up groundwater and filters it for the contaminants present in the water. After
filtration, the cleaned water is stored in a water tank until it is supplied to the households with pipelines.

However, if the system is not properly operated and maintained, the malfunctioning of the system and filter might
cause people to still suffer from chemically contaminated water. If the system is not properly cleaned and maintained,
the water in the water tank and pipeline can become contaminated with bacteria like E.Coli. These may cause local
households to lose their trust in the piped water system and stop using it for drinking water.

The mobile crowd participation(MCP) is an approach to help to research and monitor the PWS system, and it enables
the local stakeholders to participate, learn, and provide feedback with a smartphone application. The prototype of the
water supply app TAPP' has been developed. The functionalities of the TAPP include service delivery, education
package, interaction payment, and water quality testing (with the function from AKVO Caddisfly application).

To make sure the users are using safe water, the water quality needs to be tested regularly. Chemical contaminants
need to be tested at the in-flow and out-flow of the filter. Bacterial contaminants need to be tested in the tank and in
the pipeline. Based on the water quality result, the caretakers will maintain and clean the PWS if needed. There is a tool
kit with a test strip, reference card, reagent, and a smartphone application(AKVO Caddisfly) to help the caretakers of
the PWS to test the water quality. The caretakers will receive guidelines from an application to properly conduct the
water quality test, and the app will objective interpret the reference card and upload the result. The caretakers will
monitor the PWS system with the result of the test while each household can also monitor their own water supply and
the maintenance of the system. Also, various stakeholders (local Municipality, DPHE, NGOs) will then use the results of
water quality tests to monitor the operation and maintenance of different PWS systems.

IDE TU Delft - EQSA Department /// Graduation project brief & study overview /// 2018-01 v30 Page 3 of 7
Initials & Name C Cheng Student number 4795687

Title of Project A digital intervention to test drinking water quality in Bangladesh
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introduction (continued): space for images PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

To easily monitor the PWS in the Peri-urban area in Bangladesh, make sure it works properly to provide safe water to

o L]
[ ' the community. A quick and affordable water quality test is desired.
5
u Firstly, caretakers need an easy way to test water quality in the field. Take the arsenic test as an example, the caretakers
NGO Spansor need to take proper training and proper guidance, since the arsenic field test kit requires several precise steps and is
if‘;::‘;l‘*“:‘ EOMERCTON potentially dangerous, as arsenic gas is formed during the test execution. Most of the application users would be

Cammunity: +/~ 100 households ﬂ

illiterate and with the difficult manual of the current product, they have difficulty in completing the water quality test

and get the result. The caretakers need to receive proper training and proper guidance with the app to conduct the
water quality test.

Secondly, after testing the water quality, the data of the result of the water quality need to be collected and stored to
help the caretakers to efficiently monitor and research the PWS system. By the implementation of the research and
monitor system, the NGOs, DPHE, and the municipalities could get up to date data about the functioning of different

R e
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<16 =16 F PWS and the quality of the underground water of the whole area.
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o pipeline

110
i1l a

System overview of the PWS system

image / figure 1: ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In

case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.
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dlssemmated to help stakeholders to momtor the operation and mamtenance of the PWS.
§ The solution to solve the above-mentioned problems is a product with a combined service to help the community in
2 s d | et i " the Peri-urban area to test water quality and monitor the operation and maintenance of the PWS.
0 s
| ' : ::::“ Temt ol L.Ccl
Woter quality  Corstsken e Rorairil The product is the application that guides both the literate and illiterate caretakers to properly conduct different
Tt s Teat in-florer ool st hoews wetter ol Tiewk sy beateri b fhor vyt ik el the wapplied chemical and bacterial tests, read and upload the result of the water quality test. After conceptualization, testing, and
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iteration, the application will be developed and programmed by a Bangladesh professional programmer. After
finalizing the final concept, the final design will be tested in Bangladesh with the local caretakers.

The service is to design the way different water quality test data collected and stored, and how different stakeholders
(community, local caretaker, municipality, DPHE, and NGOs) could use the data to research and monitor the PWS.
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In the long term, after the PWS receive proper monitoring and maintenance, the households would receive safe water
from PWS and gradually build trust with PWS.

image / figure 2. __ The water quality testing system of the PWS system
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PLANNING AND APPROACH ** MOTIVATION AND PERSONAL AMBITIONS
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance specific tool and/or methodology, ... . Stick to no more than five ambitions.

because of holidays or parallel activities.

The projects located in Bangladesh and a very complicated context, this makes the design process more interesting
and more challenging. It is also a very practical project since the app will be programmed and tested in Bangladesh
and be implemented in the coming year. The works related to this graduation project consist of several key skills |
developed during my master's study. Through this project, | will prove the abilities | learn in the past 3 semesters and
further develop them by practicing them in the field.

startdate 25 -3 - 2020 18- 8 - 2020 end date

1), With this project, | will first further practice my research skills acquired during the study at TU Delft. Such as context
mapping tools, that help me to understand the context and empathize with the user. It is very challenging to go into
another unfamiliar country and face a different context, language, and user. Therefore, the first 2 research phase in
Bangladesh will be very challenging. Through this research process, my research skill will be further developed and
gain more valuable experience with understanding complex context and users.

PR s e

2), UX design skill will be the second skill that will get further developed during the project. During the past study, |
have learned knowledge and skills related to UX design. These experiences will assist me to organize my design phase
and design product. However, this is the first time | need to have the product programmed and test with the end-user.
This part is challenging and will be a great opportunity to learn more about UX design and improve my ability.

3), With some design project, we sometimes designed a service related to the design. So | am always very interested in
doing service design. With research and redesign the current service to monitor the PWS system, | intend to learn more
about how to design a service. In the future career plan, I want to gradually change from UX designer to UX and
Service designer. So by doing this project, | want to gain some service design knowledge and experience.

4), 1 am always interested in design for different cultures and doing design projects in a different country to gain an
international perspective. By doing this project, | want to gain valuable experience with cross-cultural design and
develop my research and design skills for that.

The project has 4 different phases in 20 weeks. There will be a trip to Bangladesh in July to test the final concept with
the local caretakers if the coronavirus gets controlled at that time.

Week 1-7 (25 Mar - 4 May) Research: Discovery. This discovery phase starts with a literature review and product analysis
to know the current context & situation in Bangladesh and the current water quality test product and APP. EPRC from
Bangladesh will help to research to understand the context, user’s usage and preference of mobile phone and water
quality tests.

Week 4-10 (13 Apr- 25 May) Research: Defining. The second phase is about defining the current context after collecting
data from the discovery phase, using Persona, Scenario, Problem define to make conclusions for the previous phase
and get ready for the design phase. The research phase will end after the Mid-term in week 10.

Week 8-15 (11 May - 29 Jun) Design: Conceptualization. The conceptualization phase is the first design phase, aiming
at developing concepts based on the previous findings. The conceptualization will have some sessions aiming at : : : : : -
creating new concepts, tests, and iteration. A final concept will be the outcome of the conceptualization phase. In case your project brief needs final comments, please add any information you think is relevant.

FINAL COMMENTS

Week 13-19 (15 Jun- 3 Aug) Design: Detailing and testing. The final concept will be developed and tested during the
last phase. The application will be programmed by a Bangladesh programmer and the test will take place in
Bangladesh. After the final phase, the thesis will be finalized and the project will be concluded.
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