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Palau Ministry of Education 

Executive Summary 
Student Consultants: Tom Lewkowitz, Yixin Liu 

Community Partner, Edwel Ongrung 
 
 

I. Background Information 

Where still applicable, this background information is adapted from a prior consulting report by 
Zixuan Ma written in August 2007. 1 The Ministry of Education (MOE) is one of the nine 
ministries of the executive branch of government of the Republic of Palau. Its mandate is to 
provide public education to Palau's children from 6 to 18 years old. This mandate is carried out 
through the operation of 19 public elementary schools and one public high school. 

Its mission statement is: 
The mission of the Republic of Palau's Ministry of Education, in partnership with 
parents and community, is to ensure that our children and youth preserve Palauan 
culture and become contributing citizens and productive workers in a changing 
world. This will establish a high quality of life and security for future generations 
of Palauans. 
 
The Ministry of Education is constantly improving its organization operations in order to serve 
generations of Palauan students and parents effectively. In particular, they are receptive to new 
technology and are looking for ways to incorporate technology to increase the effectiveness of 
management, administration and instruction. 
 
II. Consulting Tasks 

Currently one of the responsibilities of the MOE Central Office is to enter student responses of 
various standardized tests. These tests include the Palau English Reading Assessment which is 
administered three times a year for each grade, the Quarterly subject tests and the Palau 
Achievement Test (PAT) which are administered to students of grade 4, 6, 8, 10 and 12. They 
are particularly concerned about the time spent on processing data, including entering data for 
student responses and analyzing them using Microsoft Office Suite 2002. The student 
consultants are tasked to improve the time spent on data entry by designing an integrated test 
management system for MOE. 

  
At the same time, the MOE is also interested in using the data entered when generating reports in 
order to do a variety of evaluations. In addition, the Ministry is interested in using data of student 
responses (item analysis) to evaluate their test design as well as tracking the performance of 
individual students. The student consultants were asked to integrate these features into their test 
management system for the management team at the MOE.  

                                                
1 Adapted from Zixuan Ma’s report in 2007. 
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III. Outcomes Analysis and Recommendations 

A new database design for managing student test responses was implemented and created on the 
current database servers. The design allowed for data collection to be centralized and data 
analysis to be done automatically. This meant they did not need to create new spreadsheets and 
write new scripts each time a new test was administered.  Furthermore, it improved the integrity 
of all test response data.  

An online test management system was also developed and successfully integrated into the 
MOE’s intranet. It incorporated the new database design which allowed staff members to work 
with data in our new database tables.  Features of the online test management system include: 
Data entry of student responses 

• Interface for manual entry of student responses into the database 
• Automatic entry of scanned student responses into the database after the responses has 

been scanned 
Data Analysis (Analysis could be done at the national level or at the school level) 

• Analysis of where students needed help in (i.e. questions could be labeled as question 
type such as grammar, vocabulary etc.) 

• Item analysis of how students fared and responded to each question  
• Easy access to information on the number of students who took the tests and the statistics 

(i.e standard deviation, average, minimum and maximum score) 
• Analysis of the passing rate and the percentage of students that fall within given skill 

levels (i.e Students who got above 90 are categorized as advanced) 
• Easy access on how any individual student has scored for all tests that the student has 

taken 
The test management system also communicates with the different tables that are used for 
students in elementary schools and for students in the Palau High School (PHS), allowing for a 
truly integrated system for students from grade 1 to grade 12.  
 

 

Community Partner About the Consultants 
Edwel Ongrung Tom Lewkowitz 
edwel@palaumoe.net tlewkowi@gmail.com 
 Tom Lewkowitz is a rising senior in Computer Science  
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Palau Ministry of Education 

Final Consulting Report 
Student Consultants: Tom Lewkowitz, Yixin Liu 

Community Partner, Edwel Ongrung 
 

I. About the Organization 
 

Organization 
The Republic of Palau’s Ministry of Education (MOE)2 is responsible for maintaining a high 
level of education throughout the nation’s public school system.  To satisfy this responsibility the 
ministry reviews and recommends funding, curriculum, personnel changes, develops educational 
plans and budgets to submit to the national government.  The school system consists of nineteen 
public elementary schools (grades 1-8) and one public high school (grades 9-12).   

Its mission statement is: 
The mission of the Republic of Palau's Ministry of Education, in partnership with 
parents and community, is to ensure that our children and youth preserve Palauan 
culture and become contributing citizens and productive workers in a changing 
world. This will establish a high quality of life and security for future generations 
of Palauans. 

Most of the funding for the MOE comes from the national government of Palau, however they 
also receive grant money from the US Department of Education and assistance from Pacific 
Resources for Education and Learning, a non-profit based in Hawaii dedicated to improving 
education in the region.  Because of the diversity of sources providing funds, the MOE must 
follow guidelines required by the different bodies, including the U.S.’s No Child Left Behind 
Act. 

                                                
2 Adapted from Edmund’s report in 2008. 
 



   
  

Palau Ministry of Education      Page 4 of 64 
Tom Lewkowitz, Student Consultant 
Yixin Liu, Student Consultant  July 19, 2009 

The organizational structure consists of a Director of Education reporting to the Minister, 
followed by four Chiefs each responsible for a division plus an Administrative Services 
Manager.    
The Administrative Services division is responsible for the technical environment. It consists of a 
manager, Edwel Ongrung, and a four person staff.  This department works with the other 
divisions within the Ministry to provide the services necessary to support the mission of each 
division.  These services include computer and network installation and support, software 
deployment and information services. 
 

Facilities 
The MOE is housed in its own building in the center of Koror.  There is ample space for the 
Computer Services department.  There is secure, air-conditioned space for servers and 
networking equipment. Spare computers are stored in the server room as well, making it a 
warehouse for storage of IT equipment as well.  

Within Koror, the public schools are connected to the ministry’s network infrastructure mainly 
by dial-up (detailed later in the Technical Environment section). All of the schools have wired 
networks - LAN set up on site.  The schools managed by the ministry spans across the 2 major 
islands: Koror, Babeldaob and various other remote islands such as Peleliu and Angaur. 

 

Programs   
The ministry maintains all of the 20 public schools in the country: 19 elementary schools and 1 
high school. The public schools offer neither preschool nor kindergarten programs. However, 
preschool Head Start Programs are provided by a private Palau Community Action organization. 
These programs are supported by U.S. federal funds. 

There are a total of about 3000 students in total in the public schools; School attendance is 
compulsory for children aged 6 through 14 where they attend elementary school from grade 1 
through 8. Attendance for high school from grade 9 through 12 is not mandatory. The ministry 
also helps to administer standardized tests such as the SAT and TOEFL. 

Besides the primary responsibilities of primary and secondary education, the ministry also 
oversees adult education where they administer the General Education Diploma (GED) and also 
programs for adults to attend high schools. In addition, the Ministry also oversees the special 
education program, especially in the area of early childhood. 

The ministry handles transportation, facilities, supplies, staff, curriculum development, and 
instructional technology of all the public schools. All of the upper level staff principals and 
administrators have email and utilize it frequently as their primary means of communication. 
There is a plan to expand this email accesses to all students and staff. Teachers intend to use 
internet research to enrich existing curriculum in both high school and primary school.  
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Staff 
The organization is overseen by a politically appointed minister and is run by a management 
team consisting of the top three levels (Minister, Director, Chiefs).  The head of the ministry is 
the Minister of Education Masa-Aki N. Emesiochl who’s appointed by the elected government. 
The ministry has one bureau and the Director of Education Emery Wenty runs the daily 
operations of the bureau. Alongside in the organization chart are four chiefs that form the 
management team responsible for making decisions that guide the ministries activities. The four 
core business processes are carried out by Divisions within the Bureau of Education.  

• Division of School Management  
• Division of Curriculum and Instruction 

• Division of Research and Evaluation 
• Division of Personnel Management 

Most of the staff is proficient and comfortable with the use of computers for their daily work, 
especially Microsoft Office Suite and the use of web applications such as online time log sheets 
developed by the Computer Services Division. The Computer Services Division is headed by 
Edwel.  He has a technical staff of 3 people who work with him and handle all the maintenance, 
management, setup of the computers.  
Edwel has extensive experience with networking and scripting in languages such as MySQL and 
PHP. His support staffs have experience with hardware troubleshooting, network setup but not as 
much experience with programming and scripting.  

 

Technical Environment 

Within the Ministry, there is an even mix and distribution of Windows, Linux, and Mac OS X 
platforms being used. The Microsoft Office suite is commonly used within the MOE. 

The network for the ministry is also diverse. A 320Kbps digital subscriber line (DSL) to the 
telecom and to the Internet is based out of the ministry office. Within the office there is both 
wired and wireless network access. Four of the public schools are connected via DSL to the 
ministry’s network. Palau High School is connected to the ministry’s network wirelessly. The 
rest of the schools use a 33.6kbps dial-up to connect to the MOE server and also to get access to 
the internet. All of the schools have wired networks (LAN) set up on site.  

The ministry manages several servers providing remote dialup network access, file sharing, e-
mail and a web server. These servers form the backbone for hosting content and applications that 
run on their intranet and on the Internet. These servers run on LINUX and are administered 
mainly by Edwel. The servers are connected to two TRIPP-LITE uninterrupted power supply 
systems in events of power outages. The network infrastructure is detailed as follows in Figure 1. 
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Figure 1: Internet Server system at MOE 

 

Technical Management and Planning 
The Computer Services division is responsible for the planning and management of technology. 
The management team (consisting of the Director and four Chiefs) recommends technical 
solutions to the problems facing the ministry and the Minister make the final decision and 
approval of all official changes in policy. 

Troubleshooting of technical problems is handled by the staff of Computer Services Division; 
Backups of servers are also done periodically by the technical team. The Computer Services 
Division is headed by Edwel and he has a technical staff of 3 people who work with him and 
handle all the maintenance, management, setup of the computers. 

 

Internal and External Communication 
The organization communicates on several different levels.  Within the Ministry there is 
extensive use of the MOE email system.  The management team meets frequently to discuss the 
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direction of the organization and with everyone centrally located in the same building, 
communication is not an issue.  The MOE also keeps an open dialogue with schools throughout 
Palau. All school principals are provided with an Apple laptop and officials at each school have 
been assigned email addresses. The majority of principals are comfortable using email as a 
means of communication.   
The ministry currently uses 2 different forms of web communication: intranet and extranet 
(internet) to communicate with their staff in Palau and to communicate with the outside world 
respectively. The intranet hosts more detailed information for the staff of the ministry to read and 
refer to; it also hosts web applications that were developed such as time log sheets. On the other 
hand, the extranet mainly hosts content and information for the public to learn more about the 
schools and MOE. 
As information becomes more centrally located in MOE, new procedures and systems may have 
to be adopted to streamline the process of data collection and analysis. 

Information Management 
Information management has consistently been one of the most significant challenges posed to 
the MOE. There are remarkable amounts of data and organizing them efficiently and generating 
accurate reports has proven to be a difficult task. The MOE has resorted to numerous contrasting 
systems for different components of information management with mixed success: 

• Paper and e-mail submission. The elementary schools are regularly required to submit 
various forms with statistical information such as enrollment, attendance and grades.  Most 
schools submit these forms electronically via email, but occasionally they are delivered on 
paper and the information must manually be typed.   

o This takes time for the information to get delivered to the ministry physically. 
o Over e-mail, schools may send the information and data in their own (school’s) 

format and the staff from the ministry has to spend time to reorganize the data to be 
consistent with the format that  the ministry is using. 

• Use of Microsoft Excel. Microsoft Excel is used for storing responses from the answer 
sheets (where the responses are made by shading the bubbles) after it has been scanned 
(using a normal scanner) and processed by Office Remark, a Windows based forms-
processing software package for surveys and tests.  

o There is also an issue regarding data entry of grades as they are now being entered in 
Microsoft Excel and different versions are being held and handled by different staff.  

• Databases. A SQL/PHP web based system is being used for tests that are not administered 
and marked using the scanned answer sheets (with the multiple choice bubbles). 

o These databases are only used for specific tests, are poorly designed, and are only 
being used for manual entry. 

• Databases and Excel together. The Computer Services Team then combines the data 
(student responses) from their web database (non-scanned type) and from Microsoft Excel 
(scanned type) into a new sheet in Microsoft Excel.  
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o This creates confusion as there are many different versions and different copies of the 
Microsoft Excel files being circulated. 

o This relies on the already heavily taxed Computer Services team to help to transfer 
and parse the data from Microsoft Excel and from the SQL database to combine and 
create a new Excel Spreadsheet for analysis and storage.  

The responses of the students are required for the ministry’s reference and also for them to 
review and analyze - for better design of future standardized tests (they have software that helps 
them do this).  The test management is detailed further in Consulting Task I. 

Currently the technical team is planning to move towards a web-based interface for all data entry 
and reporting. They have a preference for open-source software or to develop their own 
applications to meet the customized and specific needs of the Ministry. From the ministry’s past 
working experience with past student consultants, they are familiar with the use and benefits of 
web-based solution.  
Due to limitations in bandwidth and the technical infrastructure, the Moodle open source 
application for student management recommended and developed previously in past years is 
currently inactive or not being used. (The team will keep the limitations in mind when 
developing solutions and also possibly look at ways to upgrade the network.) 
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II.   Scope of Work 

Task 1: Designing a Test Management System 

The consultants will design a test management system in order to track the progress of the 
MOE’s students and also to help the MOE get funding from various outside organizations.  The 
MOE must compile reports on how students are performing in their studies in order to get 
funding in many cases. 

The MOE uses multiple standardized test scores to create these reports. The MOE management 
is very concerned with the system they have in place for managing the responses and scores of 
all of these students. There are currently 3 different types of standardized tests that the MOE 
administers: Palau English Reading Assessment (PERA), the Palau Achievement Test (PAT) and 
the Quarterly Assessment Test (QAT). 
For grades 1 to 3, the responses and scores of the test are entered manually by the staff in 
Microsoft Excel question by question from the answer booklet. For grades 4 through 8, the 
responses of the students are scanned (from answer sheets using Office Remark) and imported 
into Excel and processed using VBA scripts. See Figure 2 for a visual representation of the 
previous workflow. 

 
Figure 2: The previous workflow for test management at MOE 
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The Consultants found several issues with the previous workflow: 
• Time expended manually checking for errors. A huge majority of the time spent on 

data entry is focused on fixing possible database errors that will occur.  Many times the 
information on the test answer sheets do not match up with information in the MOE 
student databases.  These database errors would have to be checked manually for each 
test response which costs lots of time.   

• Poor information management. As Microsoft Excel is used by the staff as a primary 
form of updating and adding records, the grades and responses of the students are 
maintained by various staff and at different places/desktops. There are concerns of losing 
data since they are stored on the local machines of the staff and not on central MOE 
servers. 

• Poor database design and use. The current MOE database using MySQL is only used 
for tests that have been administered from grades 1-3.  Furthermore, each test uses 
separate tables from other test, which does not allow for general analysis. 

The student consultants are tasked with coding a test management system for the MOE on their 
intranet to facilitate test analysis and improve the previous workflow. Due to the remote physical 
location, and the existence of networking to the various schools on other islands, this contributes 
to the justification of a web-based solution. 

Expected Outcomes 
The consultants intended to produce the following outcomes for task 1: 

• Create a new central test database.  We plan on designing a test database which stores 
information on tests administered and student’s responses to these exams.  This internal 
database is a necessity because the MOE needs to have the data secured in house.  We 
intend to have a working test database to allow for any type of standardized test to be 
added so that if their overall curriculum changes, the database can accommodate this 
change. 

• The technical staff at the MOE is very well informed on the basic SQL commands such 
as joining tables to extract data from the different tables based on different conditions, 
therefore we feel comfortable creating this database knowing that they can write SQL 
scripts to perform analysis on the data. 

• Create data entry forms on the intranet.  The staff tasked with inputting the data into 
the database is not highly technically trained, therefore we will also create an internal 
web application for staff to input the responses and scores of students as tests are 
received. The web application should be well designed to allow for easy and quick 
submission of answers into the database.  Moreover, it will keep a consistency among all 
data entered. 

 



 
 

 
 

 

Pa
la

u 
M

in
is

try
 o

f E
du

ca
tio

n 
  

 
 

 P
ag

e 
11

 o
f 6

4 
To

m
 L

ew
ko

w
itz

, S
tu

de
nt

 C
on

su
lta

nt
 

Y
ix

in
 L

iu
, S

tu
de

nt
 C

on
su

lta
nt

 
 

Ju
ly

 1
9,

 2
00

9 

 A
ct

iv
ity

 
E

xp
ec

te
d 

O
ut

co
m

e 
H

ow
 to

 M
ea

su
re

 
C

ur
re

nt
 M

ea
su

re
 

E
vi

de
nc

e 
of

 C
ha

ng
e 

R
ev

ie
w

 a
ll 

cu
rr

en
t d

at
ab

as
es

 
an

d 
fo

rm
s w

ith
 E

dw
el

 
U

nd
er

st
an

d 
w

ha
t i

nf
o 

to
 b

e 
ca

pt
ur

ed
; K

no
w

 in
te

nd
ed

 u
se

 
of

 d
at

a 

C
on

su
lta

nt
s h

av
e 

go
od

 
un

de
rs

ta
nd

in
g 

of
 e

ac
h 

fo
rm

 a
nd

 
as

so
ci

at
ed

 d
at

ab
as

e,
 e

sp
ec

ia
lly

 
ho

w
 th

e 
ta

bl
e 

ar
e 

re
la

te
d 

C
on

su
lta

nt
s h

av
e 

lit
tle

 
un

de
rs

ta
nd

in
g 

of
 e

ac
h 

ta
bl

e 
an

d 
da

ta
ba

se
; h

av
e 

so
m

e 
ex

pe
rie

nc
e 

w
or

ki
ng

 w
ith

 
da

ta
ba

se
s 

C
on

su
lta

nt
s c

om
pl

et
el

y 
un

de
rs

ta
nd

 fo
rm

s a
nd

 h
ow

 th
ey

 fi
t 

w
ith

 e
ac

h 
da

ta
ba

se
 

D
es

ig
n 

a 
ne

w
 d

at
ab

as
e 

or
 

m
od

ify
 th

e 
ex

is
tin

g 
da

ta
ba

se
 to

 
re

m
ov

e 
re

du
nd

an
ci

es
 w

ith
 

Ed
w

el
 

A
 si

ng
le

 d
at

ab
as

e 
fo

r a
ll 

te
st

s, 
re

sp
on

se
s a

nd
 su

bj
ec

ts
 

Ed
w

el
’s

 u
nd

er
st

an
di

ng
 o

f g
oo

d 
da

ta
ba

se
 d

es
ig

n 
an

d 
ho

w
 th

e 
va

rio
us

 ta
bl

es
 c

an
 b

e 
co

m
bi

ne
d.

 

Th
e 

st
af

f c
ur

re
nt

ly
 u

se
s t

he
ir 

ow
n 

lo
ca

l v
er

si
on

 o
f E

xc
el

 to
 

ke
y 

in
 g

ra
de

s a
nd

 re
sp

on
se

s. 
R

ep
or

t g
en

er
at

io
n 

re
qu

ire
s 

da
ta

 fr
om

 v
ar

io
us

 so
ur

ce
s. 

 

Th
e 

da
ta

ba
se

 is
 a

bl
e 

to
 c

ap
tu

re
 a

ll 
ch

an
ge

s a
nd

 u
pd

at
es

 so
 th

at
 th

er
e 

is
 o

nl
y 

on
e 

co
py

 o
n 

th
e 

se
rv

er
 

w
hi

ch
 is

 b
ac

ke
d 

up
. E

dw
el

 is
 c

le
ar

 
on

 h
ow

 h
e 

ca
n 

m
od

ify
 th

e 
ta

bl
e 

fo
r f

ut
ur

e 
us

e/
m

od
ifi

ca
tio

n 
as

 
w

he
n 

ne
ce

ss
ar

y.
 

Im
po

rt 
th

e 
ol

d 
da

ta
 fr

om
 th

e 
pr

ev
io

us
 d

at
ab

as
es

 b
ei

ng
 u

se
d 

an
d 

m
er

ge
 th

em
 in

to
 o

ur
 

cu
rr

en
t d

at
ab

as
e 

A
 c

on
si

st
en

t a
nd

 
sy

nc
hr

on
iz

ed
 d

at
ab

as
e 

th
at

 is
 

ab
le

 to
 h

an
dl

e 
an

d 
st

or
es

 o
ld

 
da

ta
 a

nd
 ta

ke
s i

n 
ne

w
 d

at
a.

 

C
on

su
lta

nt
s h

av
e 

go
od

 
un

de
rs

ta
nd

in
g 

of
 th

e 
da

ta
 th

at
 

th
ey

 sh
ou

ld
 im

po
rt 

an
d 

‘c
le

an
 

up
’ s

o 
th

at
 it

 is
 c

on
si

st
en

t. 

C
on

su
lta

nt
s h

av
e 

lit
tle

 
un

de
rs

ta
nd

in
g 

on
 w

ha
t a

re
 th

e 
da

ta
 in

 th
e 

ol
d 

da
ta

ba
se

 a
nd

 
ta

bl
es

 th
at

 a
re

 m
ea

ni
ng

fu
l t

o 
be

 im
po

rte
d 

as
 th

er
e 

ar
e 

a 
lo

t 
of

 d
up

lic
at

e 
en

tri
es

. 

D
at

ab
as

e 
ca

pt
ur

es
 b

ot
h 

ol
d 

da
ta

 
an

d 
is

 a
bl

e 
to

 ta
ke

 in
 n

ew
 d

at
a 

be
in

g 
en

te
re

d.
 

D
es

ig
n 

a 
w

eb
 u

se
r i

nt
er

fa
ce

 fo
r 

us
er

s a
nd

 st
af

f t
o 

ke
y 

in
 th

e 
gr

ad
es

 

D
at

a 
en

te
re

d 
is

 sy
nc

ed
 to

 th
e 

da
ta

ba
se

 o
n 

th
e 

se
rv

er
 a

nd
 

up
da

te
d 

dy
na

m
ic

al
ly

. 

D
at

ab
as

e 
fr

on
t-e

nd
 fo

rm
s 

w
or

ks
 w

ith
 a

 si
ng

le
 d

at
ab

as
e 

D
at

ab
as

e 
is

 c
on

si
st

en
t f

or
 b

ot
h 

sc
he

du
lin

g 
an

d 
gr

ad
in

g 

Sc
or

es
 a

nd
 re

sp
on

se
s a

re
 

en
te

re
d 

m
an

ua
lly

 w
ith

 n
o 

ve
rs

io
n 

co
nt

ro
l a

nd
 n

o 
co

nt
ro

l 
of

 w
ho

 m
ak

es
 w

hi
ch

 u
pd

at
e.

 

St
af

f a
re

 c
om

fo
rta

bl
e 

w
ith

 u
si

ng
 

th
e 

w
eb

 in
te

rf
ac

e 
to

 k
ey

 in
 a

nd
 

up
da

te
 th

e 
gr

ad
es

. 



   
  

Palau Ministry of Education      Page 12 of 64 
Tom Lewkowitz, Student Consultant 
Yixin Liu, Student Consultant  July 27, 2009 
 

Additional impacts 

By adding a new test management system certain members of the MOE will need training.  The 
technical staff will need to be informed of the new database structures and how they relate to all 
the current databases in place.  The test specialists will need to be informed on new procedures 
that will be used in test data management.  The staff involved with inputting the data through the 
web application will need training on how to use the interface we design.  We plan on making 
the interface very simple and involving the user early in the design process so that minimal 
training is required. 
 

Feasibility 
This project is considered feasible through an analysis of requirements, risks, and sustainability. 

Requirements: 
Time. This project can be completed during the partnership, requiring around 5 to 7 weeks. There 
is a substantial amount of code already written for the MOE intranet so it will be simple for the 
consultants to figure out how to interact with the database. 

Motivation. All the staff involved with inputting the student’s data has spent days manually 
entering student data into excel sheets.  They are very motivated to see a system that will lighten 
their workload allowing them to focus on other tasks in the MOE.  
Skills. Tom has worked in web development and database design in the past; in addition Yixin 
has a strong coding experience.  Edwel has a very strong SQL background which will help both 
consults through the coding phase of the project. 

Risks: 
Importing existing data into the new system. All the old data exists on many different formats so 
it will be very difficult for old data to be inserted into the system through easy means.  We will 
try to find the simplest way for easy importation of old data. At the same time, the data that 
currently exists in the database being used have duplicate entries and some of the data is not 
consistent. It will be a challenge to write scripts to ‘clean up’ the existing data before importing 
them. 
Sustainability: 

The work is expected to be sustainable because we plan on creating a database system where 
new standardized tests may be added.  By working with Keizy and Edwel on how the 
applications work they should be able to make any other modifications as needed.  They both 
have a good background in databases and SQL and therefore should be able to fully understand 
the system in place.  The consultants will also sit with the specialists, guiding them through the 
process of data entry in the initial stages when the system is first being tried out and used. 
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Task 2: Creating web application for entry of scanned Multiple Choice 

Question (MCQ) responses. 

Currently, only the standardized English tests from grade level 4 to 8 are designed in the format 
of multiple choices where students shade in the bubbles and their responses are scanned in by 
using the scanner and using Office Remark OMR. Lyliza Madris is the name of the MOE 
employee tasked with scanning the test responses into the office remark software.  Then these 
responses are transferred, stored and shared in Microsoft Excel.  
The consultants found several issues with this approach: 

• Poor information management.  Again information will be stored locally on 
employee’s computers.  There is never a transfer to databases or a way to backup the 
information.  It is difficult to assign and administer access rights to different sheets using 
Microsoft Excel.  

• Time expended manually checking for errors. In addition to database errors mentioned 
in Task 1, there are many scanning errors that can occur.  These errors also must be 
checked for manually which consumes a lot of time. 

The consultants saw that a lot of time can be saved with scanned responses.  Since the scanned 
responses are already digitized the consultants could write a web application to check for all 
errors and insert all data into the database automatically. 

Expected Outcomes 
The consultants intended to produce the following outcomes for task 2: 

• Web application to submit scanned responses. Another web application will be 
developed so that users can fix errors and update the database as soon as responses are 
scanned.  

• Train Staff. The consultants will also work with Lyliza Madris to provide training so 
that they can help relieve the workload of the technical services staff during peak periods.  
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Additional  impacts  
Expected impacts to the overall organization are as follows: 
 
Improved work process flow – With the use of the web application to automate the process, the 
delay between scanning of the responses and updating the database is reduced significantly. This 
will help ease the bottleneck especially during times when the technical services staff is away or 
preoccupied with other tasks. 
 
Technology adoption – If the use of the web application encourages teachers to use technology, 
it would have a broader impact on the Ministry’s central office as a whole. By involving the staff 
the in the development process, this will expose them web application and will make it for 
feasible and possible for them to self-learn and develop additional applications in the future. 
 

Feasibility 
This project is considered feasible through an analysis of requirements, risks, and sustainability. 

Requirements: 
Time. The web application will be rolled out simultaneously with that of the database entry 
specified in task one. Users will be involved early in the design process so that rectifications and 
customizations can be made early in the process. The project is expected to be completed within 
5-6 weeks before it is being deployed and tested out to see how the users respond to the web 
interface and the change in workflow. The consultants will provide technical and user help and 
these information will be documented together with the users in schools and at the MOE. 
Motivation. MOE is keen in implementing a web application to solve their problems and needs 
from using the scanner for multiple choice responses.  
Skills. The web application will be programmed in PHP and uses a MySQL database. The 
technical staff in MOE has a good understanding of PHP and SQL and they can provide some 
help if needed. 

Risks: 
No additional hardware resources required. The web application will not require additional 
hardware resources as they can be hosted on the existing server.  
Training required is minimal. Training required to use the new web application is minimal as it 
is relatively straightforward and will be easy to pick up.  
Sustainability: 

The work is expected to be sustainable as Edwel, and the rest of the staff in the Computer 
Services division are familiar with PHP and MySQL and will be able to write more scripts for 
future needs and customizations if required. A manual will be created if the process proves to be 
too confusing for the users to accept initially. The consultants will also sit with the staff, guiding 
them through the process of inserting the data into the database when the system is first being 
tried out and used. 
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Task 3: Creating web application for the analysis of student 

tests responses and results 

The MOE currently uses Microsoft Excel to analyze data to obtain performance of students 
nationwide and in various schools. There are several problems associated with the use of 
Microsoft Excel in MOE: 

 
• Inconsistencies in format of data entry. As the student responses and test scores may 

have been keyed in different formats by different staff (Some in horizontal format, some 
in vertical format, different headings in different columns etc), this creates a challenge for 
Edwel if he has to write a macro to do the analysis of test results and responses. The 
process is inefficient as he needs to write a new macro each time the format is different. 

 
• Long and cumbersome process to parse data. The staff at MOE has to extract the data 

manually using Microsoft Excel (Copy and pasting into various different sheets). This 
makes the process prone to human error.  

 
• Time wasted creating new Excel formulas. Whenever a new excel sheet is created the 

staff must write up new Excel formulas to do the analysis they want.  This proves to be a 
long and tedious process as the staff has to do this for each new test where data has been 
entered. Moreover, they have to go back and do the data parsing all over again if an error 
in some of the data was found only in the later stages.  

 
• Item and Label analysis is a very long process.  The MOE often labels each question as 

a topic so they can see how student’s are fairing on certain topics, for example if the 
Ministry is interested in how their students have fared in grammar, they have to look at 
all questions labeled as grammar questions.  They are also interested in the frequency of 
responses for each answer (how many students answered ‘a’ for number 1).  They found 
this to be a time consuming process as well. 

 
• Difficulty in sharing data. As the processed data resides locally in Microsoft Excel on 

the local machines of staff members, they often have to share the data as attachments via 
email. It is difficult to share data and this also adds to the already heavy burdened 
bandwidth of the MOE network.  

 
• Lack of Student Records.  Since each excel file is separate, there is no way to track a 

student’s progress throughout their time in the Palau Educational system. 
 
The consultants will work to create a separate web application to do test analysis from the data 
that was entered into the database. The data will be available for all relevant and interested 
parties to view.  This will also provide an incentive for the staff to switch over to use the online 
test management system as they will be able to see the analysis instantaneously once the data is 
entered. 
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Expected Outcomes 
The overall outcome of our test report system will be an easily accessed web application to 
extract data on all tests administered.  This will improve time and communication among all staff 
working on creating reports for the MOE. By improving time, reports can be made quickly and 
sent out to organizations that require them to provide funding to the MOE. Also, it will be easy 
to track the performance of an individual student, schools and the nation overall.  

The final reporting software will work for all grades.  One of the difficulties in analyzing the test 
results and tracking student performance is that different tables within the MySQL database are 
used in management of students in elementary schools and in Palau High School. We plan on 
designing the test report system such that it is able to extract and make sense of data from both 
tables – the different tables used would not be visible to the user.    
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Additional  impacts  
Expected impacts to the overall organization are as follows: 
 
Ability to create school performance reports – With the use of the web application, the MOE 
management team will be able to compare the performance of different schools – school 
principals will also be able to compare and benchmark their school’s results to the national’s and 
to focus on the subject areas that need improvements.  
 
Adoption of the use of the web application– The MOE staff and users will be able to see the 
benefits of having a centralized database – quick response time and ease to generate reports. This 
will encourage them to switch over from their current practice of using Microsoft Excel to using 
our web application so that the data is captured centrally in the MOE database. 
 
Ability to follow a student’s progress – We can create a web application to get all the 
standardized test scores for each student.  This can help the Palau High School properly place 
each student in the right skill level for each subject. 
 
Information Management improved - One of the main goals of having a central database is to 
increase data integrity and reduce redundancy problems. The MOE staff is concerned about the 
accuracy of the data entered as it affects the test scores and performance reflected. The new 
database design and the instant accessibility of the analysis will enable accurate data cross 
checking and reporting. It also allows for consistent data storage for each student throughout 
their education in Palau 
 
Report generation time decreased – The management team at MOE is concerned of the time it 
takes for them to gather the data and to review the reports as it takes months after an exam before 
the report is generated. With the use of the online test management system and the test report 
analysis functionality, the time and delay will be reduced significantly. 
 

Feasibility 
This project is considered feasible through an analysis of requirements, risks, and sustainability. 

Requirements: 
Time. The test reporting software will be worked on as soon as the web application from task 1 
and 2 are completed.  It will be relatively simpler to code since the consultants will have 
experience with PHP and SQL from the first two tasks and the problem itself is less complex 
thus the time spent on this task will be significantly less.   
Motivation. MOE is keen in being able to access parsed results such as standard deviation etc 
immediately without having to do it manually on Microsoft Excel.  
Skills. The web application will be programmed in PHP and uses the same MySQL database as 
the test management system in task 1 and task 2. The technical staff in MOE has a good 
understanding of PHP and SQL and they can provide some help if needed. 
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Risks: 
No additional hardware resources required. The web application will not require additional 
hardware resources as they can be hosted on the existing server.  
Training required is minimal. Training required to use the application to view test reports is 
minimal as it is relatively straightforward and will be easy to pick up.  
Sustainability: 

The work is expected to be sustainable as Edwel, and the rest of the staff in the Computer 
Services division are familiar with PHP and MySQL and will be able to write more functions and 
customizations if required. The consultants will also sit with the staff, guiding them through the 
process of how to make sense of the parsed data that the application presents. 
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Task 4: Configuring the UPS for the servers in the server room 

The MOE currently has all its physical servers (web server, mail server, remote access server and 
DNS server) and UPS housed in the server room in the MOE central office. The UPS system that 
is currently being used is the Tripplite SMART2200RMXL2U model. The UPS system that was 
used previously was APC and Edwel had been using the apcupsd which is a daemon designed for 
communicating with UPSes made by APC. However, the administrative team tried using the 
same daemon to communicate with the current Tripplite Ups but to no success. 
When there is a power outage, when the UPS runs out of battery power, the servers just turn off 
due to lack of power. The proper procedure should be to turn off the server machines when the 
UPS runs low on battery power. 

The consultants will work with Edwel to find a way to have the servers communicate with the 
UPS so that they can be turned off in the event of a power outage and the server runs low on 
battery power.  This helps to maintain data integrity and lifespan of the servers. 
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Additional  impacts  
Expected impacts to the overall organization are as follows: 

Technical Management: 

The proper shutting down and booting up of the servers will prolong the lifespan of the servers, 
ensuring the sustainability of the network infrastructure of MOE and reduce the need to buy new 
hardware. It will also save the technical team time and trouble from having to restart the servers 
manually after a power outage.  

Information Management: 

Since the servers are shut down properly when the UPS runs low on battery, this ensures the data 
integrity on the hard disk. The system time is not reset each time the power goes out as the 
system is shut down properly when the power goes down and is powered back on when the 
power comes back. 
 

Feasibility  
This project is feasible assuming that there are tools available online and sufficient time left after 
the web application has been completed. 

Requirements: 
Time. The web application package detailed in Task 1 to 3 is of higher priority than the current 
task. Ideally, there should be at least 2 weeks left after the application has been completed so that 
there is sufficient time to work on the current task. 

Motivation.  Edwel is keen on having the UPS communicate with the servers as this will enable 
them to be shut down appropriately during power outages.  

Skills. Both student consultants have not much experience dealing with network and server 
management. Hopefully, there will be sufficient documentation found online that comes with the 
configuration tool.  
Risks: 

Dependency on online resources. The progress and success of the task depends largely on the 
availability of configuration tool and documentation found online as the student consultants do 
not foresee enough time and resources to write their own programs to have the servers 
communicate with the UPS. 

Sustainability: 
The work is expected to be sustainable, assuming that there is documentation found online since 
Edwel already has experience working and configuring APC UPS in the past. 



   
  

Palau Ministry of Education      Page 24 of 64 
Tom Lewkowitz, Student Consultant 
Yixin Liu, Student Consultant  July 27, 2009 
 

III. Outcomes and Recommendations 
 

Task 1. Designing a Test Management System 

 
Designed new database 
 
Through the consulting process, Edwel and the student consultants discussed and identified what 
are the needs of MOE in terms of a test management system. Edwel is extremely busy with 
administrative work such as budgeting etc during the school year. As a result, he may look for 
immediate solutions for his problems rather than looking at redesigning the entire databases.  
 
We found that the databases used for test management prior to our work were not well designed.  
For example the PERA exams would have their own tables and the quarterly tests would also 
have their own tables.  We decided to design a database that could be used for all the exams they 
give out and did not require new tables whenever a new type of exam would be given out.  By 
doing this Edwel would not need to write a new grading script each time a new type of test was 
given out.   
 
The new database is the first step of consolidating all the information from the different tests 
such that Edwel and the MOE staff can easily produce useful statistics and automated report 
generation for students and for the whole nation. The MOE can now easily track a student’s 
progress and performance by creating a report of their exam scores, something that was not 
doable before. This would help the ministry better understand the performance of different 
schools and needs of the schools and serve the student body more efficiently. 
 
The design and relationships of the database were kept very simple to allow Edwel to easily 
manage the tables in the future.  See Figure 3 for the relational design of the new database. 
 

 
Figure 3: The consultant’s final database design 
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Built user interface(UI) to create and manage exams 
 
The first UI we built on the MOE intranet site was to allow users to add to the TESTS database.  
Whoever created the exam would fill out the online test entry form to enter their data into the 
database.  This also included fields to enter the answer key for the exam and labels for each 
question for item analysis (i.e to find out how students fared in questions classified as Grammar 
or Vocabulary). 

 
Figure 4: Form to enter an exam 

 
Since mistakes could have arisen when entering data on the original form when defining the test, 
we created a form to allow users to manage/modify data in the exams. 

 
Figure 5: Form to manage exams 
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Built UI to insert student responses manually 
 
When we arrived at the MOE, we saw that not all of the exams were filled out with scanned 
sheets.  For example all Math test answers and exam answers for grades 1-3 were always 
manually entered into excel sheets by an employee named Loretta.  We created a form to allow 
her to manually enter the test responses directly into the database.  By using JavaScript we also 
improved efficiency by automatically moving onto the next question when she enters an answer.  
She enthusiastically responded to this optimization. 

 
Figure 6: Form to select which student to enter answers for 

 

 
Figure 7: Form to enter answers 

 
Proposed new work flow for test data management 
 
We found that there was a lot of database management that needed to occur to make sure our 
software was properly sustained.  To help with this we created a work flow for all exams to make 
sure the databases are well maintained by the staff members using them.  Our work flow assigns 
specialists to entering and managing tests.  This will help avoid multiple entries within tables. 
Also, with a central database used on the MOE intranet, Microsoft Excel is no longer being 
depended on to maintain data integrity. 
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Figure 8: Our new proposed test management workflow 

 
 
Trained staff on new software 
 
We gave several presentations to all staff involved with test management on our proposed 
workflow and how each form is filled out.  In the first few meetings, they gave us feedback and 
we made changes to several forms in response to their feedback.  We then presented a workshop 
on how to use the test management system where they also had a chance to get their questions 
answered.  
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Task 2. Creating web application for the scanned Multiple 

Choice Question (MCQ) responses 

 
Created a work flow for submitted scanned responses without manual entry 
 
In our workflow from task 1 we added a branch to allow for uploading scanned forms.  In this 
workflow we proposed using their current scanning program: Remark Office.  From this, saving 
the scanned file responses as a “.txt” file and then uploading the file to a web based user 
interface that we built on their intranet. 
 
Built intranet user interface to upload scanned responses 
 
In our application, the user will upload the file from Remark Office to our interface and send the 
file to the server.  We then analyze the file and create a workable spreadsheet for the user to 
correct for errors detected by the application.  Errors will be displayed and the user can change 
information and save at any point. Common errors include a different grade reflected in the data 
or entry when the test is defined for a particular grade. Other error-checking include checking for 
the school of the student, if there was an error in reading the answer sheet using the scanner from 
Remark Office and if there were duplicate entries. 
 
In the past, these errors would have been checked for manually.  By detecting errors 
automatically, the time that the MOE staff spends on cleaning data and removing the errors was 
cut down immensely. 
 
We also gave the option to save the user’s work.  Once they save their work they can continue 
editing errors from the same file by selecting the option to “Continue editing this file” so they 
can come back and work on the same file at a later time. 
 

 
Figure 9: Form to upload the file 

 
 
 
 



   
  

Palau Ministry of Education      Page 29 of 64 
Tom Lewkowitz, Student Consultant 
Yixin Liu, Student Consultant  July 27, 2009 
 

 

 
Figure 10: Example of the table that is built when file is uploaded 

 
More details on our software can be found in Appendix A.  
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Task 3. Online Test Reporting 

For the online test reporting we created 5 different ways of generating reports for everyone’s use 
at the MOE.  In the past Edwel would need to write a script to create reports each time an exam 
is given.  We wrote the sequel and PHP code so that test analysis can be done as soon as test 
responses are entered. 
All of the test analysis pages are under the “Test Reports” tab right below “Test Management”.  
The user clicks on which report they would like to generate, then selects which exam and the test 
report data is generated. 

 
Figure 11: The reporting options 

Item analysis report 
 
The Item analysis link will first generate an overview of scores for the exam.  It will give the 
maximum, minimum, and average raw scores and percent scores as well as the standard 
deviation.  It will also then give these values broken down by school. 
 

 
Figure 12: Example of an overview table 
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We then generate an item analysis of each question.  For multiple choice questions we give the 
frequency of responses for each multiple choice.  For free value questions (a 4 point question) 
we generate how many students scored each possible question value. 
 

 
Figure 13: Example of an item analysis 

 
Subtest analysis report 
 
The subtest analysis report asks the user to enter in a range of questions.  The software generates 
data assuming the range of questions was a subtest. 
 

 
Figure 14: Example of a subtest analysis 
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Pass fail analysis report 
 
The user inputs the passing grade and then we generate the percent of students who passed/failed 
nationally and by school.  We also breakdown the amount of students by the MOE skill levels. 
 

 
Figure 15: Example of a pass/fail analysis 

 
Label analysis report 
 
If there are labels assigned to each question this will generate a report for each label.  In Figure 
16 the label P represents all questions marked as “Phonics” and the average score nationally was 
a 69.616%.  It also breaks down the skill levels of all students based on their scores on “Phonics” 
labeled questions. 
 

 
Figure 16: Example of a label analysis 
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Student Reports 
 
Since we created one database for all tests it was possible to follow a student’s progress.  The 
user enters a student’s name and then can get all test scores for that student. 

 

 
Figure 17: Form after you search for a student 

 
 

 
Figure 18: Example of a student report 
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Task 4. Configuring the UPS for servers in server room 

Here are some of the outcomes of the consulting process: 

 
Introduction of The Network UPS Tools project.  
 
From the research done online, there are only 2 different tools available online that allow for 
configuration of UPS systems. One of them is apcupsd which Edwel has been using in the past 
but the tool only worked with UPSs made by APC, The American Power Corporation. The 
Network UPS Tools (NUT) project is a generic UPS monitor daemon that aims to communicate 
intelligently with all current UPS designs. The tool was introduced to Edwel and the technical 
team after a trial installation and testing when it was found to be able to communicate with the 
Tripplite UPS that are being used for the servers.  
 
Through the consulting process, Edwel was involved in the process of installation and 
configuring the tool. A list of available online resources and documentation was compiled and 
shared with Edwel and the technical team so that they can refer to them for future upgrades and 
installations.  
 
The next step after achieving communication between the servers and the UPS is to do a live test 
by simulating a power outage to observe that the servers shut down and power back on as 
expected in a real event. The simulation was done together with Edwel and proved to be 
successful; with the use of the NUT daemon, the servers are now able to shut down when the 
UPS runs low on battery power in the event of a power outage and power back on when power 
resumes.  

Recommendation 1. Improve network connection and server 
hardware  

 
For the full benefits of the applications hosted on the MOE server to be realized, a good network 
infrastructure is needed to ensure teachers and students can access the required material when 
needed. Currently, both the extranet and intranet are hosted on the same physical machine.  
 
As more applications are developed and hosted on the MOE intranet, the workload on the server 
will get heavier and it may take time for applications on the server to load and process data.  
 
As such, the server machine needs to be upgraded or the MOE can also consider hosting the 
intranet and extranet on two separate physical machines. This will help to separate the intranet 
from the extranet and preserve the integrity of data hosted on the intranet. This will also improve 
the security of the intranet in cases of malicious attacks by hackers using theextranet.   
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Recommendation 2. Change workflow of test management  

As can be seen in the following workflow diagram, the success and use of the online test 
management systems depends critically on the test being defined in the database before data and 
student responses can be entered. We recommend that the subject specialists who designed the 
exams be the ones responsible for defining the exam in the database with the correct number of 
questions, the correct answers and the question type(if applicable).  

The defined responsibility of the specialists will make the process of using the test management 
system clear and visible to everyone involved and allow the organization to have better control 
over the website and the content management.  
 

 
Figure 19: The proposed work flow 
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Recommendation 3. Sustenance of technical capability 

 
With the past few collaborations and partnerships between Carnegie Mellon University and 
Ministry of Education of Palau, Edwel has been instrumental and the main person in direct 
contact with the student consultants. As such, Edwel is very familiar with the technical 
infrastructure and has the most experience in setting up the network and supporting the daily 
operations of the Ministry of Education (MOE). It has been observed that the Ministry relies 
mainly on Edwel to resolve technical issues since Edwel is the staff in MOE who is the most 
knowledgeable in terms of scripting and network management. When the mail server goes down, 
the staff at MOE will be waiting for Edwel to fix and solve the problem. This poses to be an 
issue, especially when Edwel is away on other duties or away on leave.  
 
Also, Edwel will be reaching retirement age soon and there is a strong need to ensure that there 
will be someone who succeeds Edwel’s position will be able to take over comfortably with the 
relevant and required knowledge and technical know-how.   The consultants recommend finding 
an employee to shadow Edwel’s work so he can pass on his knowledge to the employee. 
 
Resources for Recommendation 3: 
 

• Guide to Human Resource Management by Civil Service Branch, Hong Kong  
can be found online at  
http://www.csb.gov.hk/english/publication/files/e-hrmguide.pdf 
The guide mentions and discusses about succession planning, staff induction and many 
other aspects of human resource management practices. 
 
• A research study on workforce planning conducted by the International Public 
Management Association for Human Resources.  
http://www.ipma-hr.org/pdf/research/Planningresults.pdf 

 

 
About the Consultants 

 
Tom Lewkowitz is a senior in Computer Science with a minor in Engineering Studies at Carnegie 
Mellon University. He is expected to graduate in May 2010. 

 
Yixin Liu is a senior in Electrical and computer engineering with a double major in Engineering 
and Public Policy at Carnegie Mellon University. He plans to pursue a master’s degree in 
Management Science and Engineering and a career in consulting after graduation. 
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Appendix A – Manual on using the online test management 

system 

The manual for using our test management system was developed as a reference material for the 
staff at MOE Central Office to refer to on how to use the applications developed. This helped to 
teach users how to use the test management system when the consultants were busy or after 
training sessions.  Specific manuals were similarly extracted and adopted from the main copy for 
users who just need to know how to use the specific parts or functions of the test management 
system. 
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