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Introduction

This document is intended to provide guidance on how to use the Sample Design Optimizer (SDO)
software. The SDO was designed to assist research teams develop cost-effective and efficient
hierarchical clustered sample designs. Research teams will be able to use prior information to maximize
expected precision within a data collection budget constraint. The primary application of this instrument
is to design nationally representative data collections for immunization costing studies that draw from a
sample of health facilities, district health offices or other hierarchical jurisdiction levels within a country.

Context

In a recent wave of studies examining the cost of delivering national immunization programs as part of
the EPIC Project and ProVac Initiative’s COSTVAC studies, which emphasized using randomized selection
of study sites to ensure representativeness, local teams sought technical support with sample design.
Frequently asked questions related to sample design included:

e In a hierarchical design, how do we trade-off between the number of districts sampled and the
number of facilities per district sampled?

e  What s study’s expected precision?

e How much will uncertainty be reduced by adding more units to our sample?

o Whatis an appropriate procedure for substituting units during fieldwork, if a sampled unit is
determined to be non-reachable, non-functional, or non-responsive?

These questions motivated the effort to design an instrument that could help teams visualize their
sampling frame (the population of sites from which they could select a sample) and estimate the
expected precision of results collected under different sample designs. While the SDO is not a
replacement for the input of a statistician with expertise in sample design, it may help build intuition
and lead to improved designs in situations where technical advice of a statistician is not available.

The SDO assumes that the user is conducting a study of an immunization program and that the outcome
of interest is delivery cost. In theory, the instrument could be used in other contexts in which the
outcome of interest is something else. But the user guide will assume the outcome of interest is
immunization delivery cost.

Data Requirements

The SDO requires three main inputs: a dataset describing the Sample Frame, data collection unit costs
and budget, and “prior” estimates of the outcome of interest (usually immunization program delivery
cost).

Sample Frame

The SDO requires that users supply a data file describing the Sample Frame. For each organizational
level that data will be collected from, a complete list of sites eligible for selection must be supplied. The
minimum information required regarding each site is a unique identifier, a prior estimate of
immunization delivery cost, and the ‘parent’ site at one level higher to which it belongs (for example a
facility site record must indicate what district it belongs to). If the user wishes to employ stratification in



the sample design, then the stratum category of the site must be indicated. If the user wishes to employ
a design in which the probability of a site being selected is proportional to its size, then a “size” variable
must also be included in the Sample Frame data set.

Data Collection Unit Cost & Budget

In general, as samples get larger, precision of the resulting estimates improves. However, collecting data
is costly, and these costs limit sample size. The SDO will help users find sample designs that maximize
precision for a given data collection budget. In order to do this, the SDO requires that the user inputs
estimates of data collection unit costs and a budget limit.

Prior Estimates of Outcome of Interest

Any sample size or precision calculation carried out before a study is conducted is necessarily based on
assumptions about what the findings of the study will be. To estimate the expected precision of a
particular design, the SDO relies on “prior” estimates of the main outcome of interest: immunization
delivery cost incurred at health facilities, and higher-level units. These cost estimates can be supplied by
the user of the instrument, if past costing studies have been performed. Alternatively, the cost
estimates can generated based on findings in past EPIC studies. EPIC studies, and others, have
consistently found a strong inverse relationship between facility volume (doses delivered) and delivery
cost per dose. Other predictors that are observable prior to conducting a costing study include facility
type, urbanicity, ownership type.

Terminology

A population of sites from which the sites are selected for the sample is known as the sampling frame.
An algorithm (set of rules) for selecting a sample is a sample design. Sample design may vary according
to the number of units they select, the stratification of units, and the probability of selection assigned to
units. A sample is a list of selected units that results from applying a sample design to a sampling frame.
This is the list that data collectors would take into the field.

Data collection unit cost refers to the cost of collecting data a selected unit. In the SDO, this cost is
expressed as a money cost. But it is possible that time is the more relevant constraint limiting the scale
of data collection. The SDO cannot currently calculate time requirements of data collection. However,
users could use the instrument to find cost-feasible designs, and then manually estimate their time
requirements to determine overall feasibility.

A “size” variable refers to a variable that the SDO will use in testing sample designs in which units have a
probability of selection that is proportional to their size. Common size variables include: under-1
population size of a district, number of vaccine doses delivered in a facility in a prior year, number of
outpatient visits at a facility in a prior year.

A “stratification” variable refers to a variable used to categories units in the sampling frame. For
example health facilities might be stratified according to facility types (clinics, health centers, hospitals)
or according to urbanicity (urban, peri-urban, rural), or some other feature thought to be associated
with immunization delivery cost.



Process

The user interface for this application is an Excel workbook application; the back-end calculations for the
optimizer run in a Java-based program.

The SDO workflow is fairly linear. First, a sampling frame dataset is uploaded into the instrument. Then
the user can review a report describing the structure of the sampling frame. In the next step, the user
can specify any design constraints it wants to enforce on the instrument. For example, users may wish to
require that a minimum or maximum number of units be selected from a certain level. Then the SDO
simulates millions of instances of sample selection from the range of possible designs and calculates the
expected data collection cost and the expected precision in the outcome variable of interest. The user
can observe these results in the Results Explorer and can compare different designs. Finally, if the user
selects a specific design, the SDO will draw a random sample from the Sampling Frame using that design.
The user can then proceed with data collection from that sample.

What follows is a step-by-step instructions for how to carry out this process and produce a sample that
fits the project constraints and prioritizations of the analyst.

1. Frame Data Import

e STEP 1. [Outside of SDO] Compile data on the sampling frame and organize it into the
prescribed format (e.g. CSV or Excel workbook). This format can be observed in the demo
files for the instrument. In short, the first row is reserved for headings indicating variable
names, and the variables that must be included for each entry (row) are the unique ID, the
Parent ID, the Unit Name, and the Outcome Proxy field. The outcome proxy will contain the
prior estimate of the outcome of interest—usually immunization delivery costs at that unit.
There will also be up to three optional fields for Stratification, Unit Size and Unit Cost. Unit
Cost is an optional field for users wishing to supply a unit-specific data collection cost. In
most cases, this will not be used.

e STEP 2. User loads data representing the sampling frame into SDO. To start, open the SDO,
“EPIC3_Client_v73” worksheet. When you initially open the application the only active
navigation function should be “SF Config” (these functions will be validated once you have a
validated sample frame).
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Config
Applcation Navigation Sample Frame Configuration

Label 1D Field Parent D Field Field  Unitsize Field Unit Cost Field Number of units  Worksheet
| [ | 20 LevelData 1
ratDur | | 298 LevelData_2

mmy
me v2 | Strata_v1 Facility Typd_Size v1 Total Doses | | 1531  LevelData_3

Sample Frame Configuration | LevelData_i || LevelData2 | LevelData3

In the demo version, the Honduras dataset is already preloaded into the application. To
remove an existing data level, go to “sample frame configuration” in the EPIC 3 ribbon and
click “delete last level.” (If you do not see these functions, check the ribbon bar at the top of
the window to make sure you are working within the “EPIC3” tab). To add a new data level
click on “import new level.” This brings up a file chooser dialogue. Select the level data you
would like to import. Hit open. It reads it in. Now the data is available as a level in your
sampling frame. Import data levels in hierarchical order, starting with the highest
jurisdictional level included in the study. For example, in the Honduras study, the CSV files in
the project folder are organized as “L1_Region,” “L2_Municipality,” and “L3_Facility.”
Importing a new data level will generate a new row in the sample configuration table.

STEP 3. Fill in sample frame configuration table. The sample frame configuration table
fields should be populated with the corresponding field names from the imported data. The
“ID Field” should be the name of the unique identifier variable for the jurisdiction level. The
“Parent ID field” relates each sub-jurisdictional level to the level that precedes it in the
hierarchy. In the Honduras example, the parent ID field for facility is the unique ID field for
the municipality and the parent ID for the municipality is the unique ID for the region.
Region does not have an entry for the parent ID field as that is the highest level of
aggregation in the Honduras data frame. Moving across the table, the next column is the
“Unit Name Field.” If you look back at your original imported dataset, this will be the actual
name or abbreviation used to identify units within this level. The other required field is the
“Outcome Proxy Field” which contains the prior estimate of immunization delivery cost. An
error window pops up if you don’t select the correct field. There are restrictions on each of
these fields and tests of data completeness.

STEP 4. Validate data frame. Once you have imported your data and entered all required
fields in the sample frame configuration table, the next step is to validate the sample frame.
(Select: “Validate Frame”). If you specify the incorrect field name/column heading, and
validate the date frame, an error message will appear, like the one below, with a log of the
errors [In this example, | incorrectly specified the “Facility ID” as the Parent ID field for
Facility. The correct Parent ID field in this case is “Muni_ID".]
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~| Sample Frame Validation FAILED

INFO: -—- Sample Frame Configuration Validation ---

Label 1D Field Parent ID Field INFO: --- Sample Frame Data Validation -

area Region_ID ERROR: Level 3, parent IDs in field 'Facility_ID' were not found in the parent level. Count=1504
muni Muni_ID Region_ID

facility Facility_ID Facility_ID

Sample Frame Configuration

| Close
LevelData_1 LeveIData_1
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If the data frame is valid, you will receive the message in the window below. Because the
SDO has a linear workflow, the downstream sample design search and sample design editor
forms will be linked to the sample frame configuration. Therefore if you change the sample
frame configuration, the downstream forms will be cleared. To retain past work, you can
save multiple copies of the SDO workbook in different directories. When you are ready to
save your sample frame configuration, click “Yes”.

EPIC3

—

0 ) Sample frame configuration is valid. The application will be updated to
LW reflect the new configuration.

The sample design search and sample design editor will be cleared. Do
you want to continue?

4

Once the data frame is validated, the other navigation functions become enabled.
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Level _Label D Field Parent D Field __Unit Name Field Outcome Proxy Field Unit Cost Field Number of units  Worksheet
1 [area T Region D T T Region Name T Prowy_Outcome vi | Stratum_Metro T T 20 leveldate 1
2 [muni | Muni_i | Region_iD | Municipality Name | Proxy Outcomevi | stratbummy | | 298 LevelData 2
3 [facility | Facility 1o | Muni_io | Facname | Proxy_outcome. | strata_vi_Facility_Typd_size_v1_Total Doses | | 1531 LevelDatas
Sample Frame Configuration | LevelData 1 | LevelData2 | LevelData3 ®
Ready Bl

Sample Frame Analysis: The “Sample Frame Analysis” brings you to a page that provides a
sample frame summary report. Anytime you make changes on the sample design
configuration sheet you need to hit “refresh report” on the frame analysis report sheet
(default: not current and reflections last sample frame configuration. The Sample Frame
Analysis was programmed this way to allow the user to decide when to run. Depending on
sample size, it can take a long time to generate a new report) .

H - EPIC3_Client_v73 - Excel
File Home  Inset  Pagelayout  Formulas  Data  Review  View COSTVAC Manager @ Tell me what you want to do...
Version 72 2018-08-1513:35 b/‘ = p i 3‘ Refresh Report  Table 1: Overall Number of Units Table 4A: Outcome Proxy Statistics By Level ~ Table 5A: Outcome Proxy Statistics By Strata
S‘F : SIF I & SDE ; Table 2: Number of Units By Stratification ~ Table 4B: Unit Size Statistics By Level Table 5B: Unit Size Statistics By Strata
Config Analysis Search Viewer Editor Table 3: Stratification By Parent
Application Navigation Sample Frame Analysis
P1 X Fe
Sample Frame Summary Report
Table 1: Overall Number of Units
Level Units Strata
area 20 2
muni 298 3
facility 1,531 6
Table 2: Number of Units By Stratum
Children Per Parent
Level/Stratum Parent Units Child Units Mean Min 10th Percentile 90th Percentile Max
area
Stratified by Stratum_Metro
Metro 2 2 10 1 10 10 1
Non-Metro 18 296 16.4 4 74 273 28
Grand Total 20 208 149 1 3.7 274 28
muni
Stratified by StratDummy
City 98 562 57 1 20 103 69
Community 103 570 55 1 20 116 35
Town 97 399 41 1 16 84 16
Grand Total 298 1,531 5.1 1 2.0 10.0 69
Table 3: Stratification By Parent
muni by area (Total Units)
‘muni strata
area strata City C i Town Total
Metro 2 2
Non-Metro 96 103 97 296
[Tata a7 208

oz 102
Frame Analysis Report LevelData_1 LevelData_2 LevelData_3 ‘ @

Ready




2. Design Constraints

e STEP 5. In this step you will enter the input parameters in the “SD Search” that establish the
constraints for the optimization function that will be performed by the Java Code. The next
step is to set the constraints of your sample design. To do this go to the “SD Search” in the
navigation menu (the frame data must be validated in order to advance to this next step).
Scrolling down the “SD Search” window you will see a set of three tables that allow you to
set constraints for the following criteria:

1. Budget (min, max). This is where you indicate the total among of resources you have
available for data collection. If desired, to approximate an unconstrained budget,
you can set the maximum value very large.

2. Unit cost data (data collection cost parameters: if you select “single cost”, then you
can enter a constant data collection cost per unit; if you select to use individual unit
costs, then the SDO will look for this information in the Unit Cost field of the sample
frame dataset that you imported in the earlier step.)

3. Choice of simple random sampling (SRS) or probability proportional to size sampling
(PPS). Application default is SRS if alternative isn’t specified. To use PPS sampling, a
“size” variable must be present in the sample frame dataset.

4. Choice to use stratification of units at each level

5. Lower or upper bound, or specific number of percentage of items to sample at each
level.

=]
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Version 2201808151335 | |/ i Je) mm D Export Search Criteria
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s
Config Anal

Sample Design Search Criteria

Budget
winmom [ 0]
Maximum
Unit Data Collection Costs
Level LevelName _costsource Unitcost
1 area

2 muni Single Cost | no|
3 fclity Csmgecost 7 noo]

Per-Level Unit Selection

Rule Type: Count Rule Type: Proportion

Apply Unit Target  Unit Target Rule
Sampling Type Rules At Type Min Count. Max Count. Min Percent Max Percent Min Count Max Count.

[sms Lavel Tproporion | I I 5.0% To.0% | I

muni [shs Tievel T count I | s I I I |

faclty  [srs/ees Tievel T count I 2] o] I I I ]

Level Level Name
1
2
3

Per-Stratum Unit Selection

Rule Type: Count Rule Type: Proportion

Unit Target Rule
Level LevelName  Stratum

Type Min Count MaxCount___ MinPercent __Max Percent Min Count Max Count

1 area Metro
area Non-Metro

muni city Count
muni Community Proportion
muni Town Count

Sample Design Search | LevelData 1 | LevelData2 | LevelData3 ®

SDO validates that parameter set is consistent with the data in the frame files. E.g., if the

parameter set says stratify on the variable ‘City’ then that variable must exist in the frame file.
3. Export Data to Optimizer

e STEP 6. Within “SD search,” click the “export search criteria.” If the search criteria you have

entered does not validate then you will receive a dialogue box with an error log similar to
the one displayed below.
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ERROR: Minimum budget must be specified

: Maximum budget must be specified F
ost source is specified as Single Cost at Level 1 but no Unit Cost is specified
ost source is specified as Single Cost at Level 2 but no Unit Cost is specified
ost source is specified as Single Cost at Level 3 but no Unit Cost is specified

Sample Design Search Criteria

Budget ERROI
Minimum ERROR: Min and/or max count are missing at level 1 (in per-level unit selection)
Maximum ERROR: Min and/or max count are missing at level 2 (in per-level unit selection)

ERROR: Min and/or max count are missing at level 3 (in per-level unit selection)

Unit Data Collection Costs
Level LevelName _Cost Source
1 area [single cost

2 muni Single Cost
3 facility Single Cost

Per-Level Unit Selection

A
Level Level Name i o
Sampling Type Rull Max Count

1 area SRS Le
2 muni Le
3 facility SRS/PPS Ley
Per-Stratum Unit Selection

Uni
Level Level Name Stratum

Ty Close
1 area Metro
1 area Non-Metro
2 muni City
2 muni Community
2 muni Town

Sample Design Search | LevelDatal | LevelData2 | LevelData3 | (&

Ready

If the search criteria validates then you get a dialogue box, which requires you to establish the
folder/location where you would like to export the data. Hit export.

Next go to the project folder you specified and find the ‘Request’ CSV. The request ID is simply a
time stamp. It has a command that tells the sampler what to do. It has an output file name that

tells that sample what to call the output file. There are five files that give the sampler what it
needs in additional to the request itself.

- - - -~
» USER GUIDE DEV » Test Data, Honduras ~[4]
New folder
4 Name . Date modified Type Size
| EPIC-Sampler 7/18/2018 4:11 PM Executable Jar File 56 KB
£ Honduras 5/14/201812:19PM  Microsoft Excel W... 141 KB
81 L1 Region 5/14/20181212PM  Microsoft Excel C. 1k8
Q: L2_Municipality 5/14/2018 12220 PM  Microsoft Excel C.. 11KB
-] L3_Facility ORGINAL HAS DUPS 8/15/2018 2:55 PM Microsoft Excel C.. 131K8B
B1) 13_Facility 8/15/2018 256 P Microsoft Excel C. 127K8
] Request 9/18/201811:37 AM _ Microsoft Excel C... 1KB|
= |B] SampleDesignSearch 9/18/201811:37 AM__ Microsoft Excel C.. 1K8|
1| SampleFrameConfig 9/18/201811:37 AM  Microsoft Excel C.. 1KB|
7| SampleFrameData_L1 9/18/201811:37 AM  Microsoft Excel C.. 1 KE‘
| SampleFrameData_L2 9/18/201811:37 AM __ Microsoft Excel C... 10 k8|
] SampleframeData L3 9/18/201811:37 AM_ Microsoft Excel C... 63 k8|

Inset  Pagelayout  Formulas  Data
- f—
0 % cut Calibri i AR S=2 ®-  BwepTet
’ ER Copy ~
aste - -
> SFormatPainter 5 T U= MegEEtE sy
Clipboard [F} Font [} Alignment
A2 - £ | 20180918 113727

A B C

requestiD command outputFilename
20180918_113727 SampleDesignSearch SampleDesigns.csv

RS RINA



STEP 7. Go to the “EPIC-Sampler”(this is a Jar file)[make sure this in your project folder
where the parametrization for the search is contained]

» USER GUIDEDEV » Test Data, Honduras <[]

aw folder

4 Neme

4| EPIC-Sampler

Honduras

L1_Region
L2_Municipality

L3_Facility ORGINAL HAS DUPS
L3_Facility

Request

SampleDesignSearch
SampleFrameConfig
SampleFrameData_L1
SampleFrameData_L2

10KB

@ @ @ @ 6 @ @ 6 @ 6 6

SampleFrameData_L3

Select it and let the sampler run. Once it's done, you can go ahead and close the sampler

window.
& EPIC Sampler v0.43 (o] & [

C:\Users\1luo010\Dropbox (CHDS)\USER GUIDE DEV\Test Data, Honduras
Reading inputs...
Building hierarchical sampling frame...done
Inputs read
Created directory: :\Users\1luo010\Dropbox (CHDS)\USER GUIDE DEV\Test Data, Honduras\20180918_11
3727

Design Parameters

Level PPS Stratified
1 SRS false

2 SRS false

3 Both false

Sampling...
Time left: 00:40

Building schedule of designs to eva Cancel
180 designs to evaluate

Evaluating sample designs over 000 iterations:

Design L1 L2 L3
PPS i PPS PPS Progress

false - false false - . Warning: 3.68% of samples we
insufficient

false 0. false false .- . Warning: 15.04% of samples w
insufficient

false 0.05 false false . . Warning: 24.38% of samples w

[}

I

[}

WO NR e

The results will appear in a new folder within you project folder. The name of the folder is
the Request ID.

» USER GUIDEDEV » Test Data, Honduras » <[4 ]

Share with v New folder

4 Name

20180918 _113727

EPIC-Sampler
Honduras

<

L1_Region

L2_Municipality

L3_Facility ORGINAL HAS DUPS
13_Facility

Request

SampleDesignSearch
SampleFrameConfig

SampleFrameData_L1

SampleFrameData_L2

m
@) @ @ @ @ @) @ @) @ @ @ R

SampleFrameData_L3



(Inside output folder; “SampleDesigns.csv” is the output file)

» USER GUIDEDEV » Test Data, Honduras » 20180918_113727 » ~[4]
New folder
4 Name ’ Date modified Type Size
& samples File folder
& STATUS File 1KB
£ Metadata xcel C 2K8

£ SampleDesigns xcel C 162KB

mn

STEP 8. Import “SampleDesigns.csv” into the “SD viewer” Back in the EPIC3 Excel
application, you now want to go to the “SD viewer.” And import the SampleDesigns file that
was generated by running the simulation program (EPIC-Sampler.jar). In the SD Viewer
worksheet you will see the results for all the sample designs tested. You can sort them and
filter them as you wish to find options that have the best precision without exceeding your
data collection budget. The SD Viewer also reports other statistics for the design such as the
percent of time the design could not meet a user-indicated constraint. For instance, if the
user indicated that a minimum of 2 facilities must be sampled from each selected district, it
may be that in some cases there are districts with only 1 facility present.

If you wish to see the details of the sample design, simply select a cell in the row for your
design of interest and click “Copy to Editor”. This will show you the sample design algorithm
details in the SD Editor.

Each Sample Design has a unique ID. If you wish to obtain a file with an actual sample drawn
using that design, you can look in the simulation output folder for a folder called “samples”
and find the file with the corresponding ID number.

8 % EPIC:

ot Pt om0
cccccc 3 N 1

b g O

. B

Sample Design Viewer

83 - £ | sorttoTop
Sample Design Viewer 53 CSV fle containing sample designs generated by optimizer
(O [0 < USER GUDE DRV » Test Dt Hondurss » 20180918 113727 » BRlE

sample New folder

Design_Sort o Top cost vopber Shortcut B e Pet Within 25% _pet nsuffcent
1 3500 38 7%
2 3600 37, 3 Dropbox 2) 8 somples 405% 15.0%
ER — w00 3, vopbos (CHDS) opei - 383% 26e%
s 3500 3. P 8% s75%
ERN — %00 37, ) SampleDesigns 16218 e 782%
s 3500 35 1% sa7%
7 w00 3, s02% 3%
s 3500 3. a19% 796%
s 300 38 as% s95%
10 3500 37, 09% a5
n 300 35/ aax asax
12 3500 37 a12% s30%
5 3500 364l i Computer a20% eso%
1 o0 sed| CpUnIE o 6% a5
i 3800 35, a7 a0%
16 3600 37, SR SPHAPPS () - 39.6% 3.7%
P %00 37, 5% 151%
e oo a File name: SampleDesigns Ss2% Sas
ECON — 300 35 - siex ses
2 w00 37 a13% 7a1%
2 3500 7% ss6%
2 3500 372979589 000 assosern 2832752800 051 0% 258% 290% a11% 7%
S 300 3714665378 000 sEsasess 279456808 o051 0% 255% 287% a07% 797%
2 300 373905515 000 7aesses 2334358579 o5 0% 255% 285% 1% s00%
2 300 3687855207 000 sessro 2787357551 os1 o7 270% 3% arax 5%
2 3500 3680507619 000 13273881 2778696710 050 0% 251% 2515 3% &35
z 300 368785075 000 25620513 2796430159 051 oas% 255% 292% a7 0%
2 300 3675723513 000 137577797 2185659778 051 0% 2659% 295 s19% 1%
2 3500 3651595206 000 151708104 2781786618 o1 0% 2585 9% ssax s

2 LevelData3 ®

Sample Design Viewer | LevelData1 | LevelData




If you have questions or issues to report, please email: epic@hsph.harvard.edu
and include “SDO” somewhere in the subject line




