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Abstract 
The USDA’s National Agricultural Statistics Service is exploring the use of an electronic 
mobile mapping instrument in an effort to incorporate newer technologies in its June Area 
Survey (JAS) data collection.  The JAS is based on an area sampling frame comprised of 
segments of land that make up the sampling units.  JAS field enumerators use a paper aerial 
photograph to locate and interview all operators within the segment boundary.  Then, they 
draw off all fields by hand on the aerial photograph and fill out a paper questionnaire. 
Research conducted in 2014, using a mobile mapping prototype, indicated that drawing 
fields during the interview took longer than is operationally feasible.  Testing in 2016 
focused on providing enumerators with pre-delineated fields in the mobile mapping 
instrument in order to reduce interview time.  Completion times were compared to current 
procedures using the paper aerial photograph.  Using a Latin-square design, enumerators 
recorded previous year’s JAS data using a mock interview format in two states.  Research 
results are discussed in this paper.    
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1. Introduction and Background 

The June Area Survey (JAS) is one of the USDA’s National Agricultural Statistics 
Service’s (NASS) largest surveys.  It is based on an area frame and collected through in-
person interviews using pencil and paper procedures.  The JAS field enumerators use a 
hard copy aerial photograph to locate and interview all farm operators within the segment 
boundary. Then, they outline the fields by hand on the aerial photograph and complete a 
field-level paper questionnaire. In an effort to incorporate newer technologies in its data 
collection activities, NASS is evaluating the use of a mobile mapping instrument that 
would replace the aerial photograph and paper questionnaire.  Some advantages of using 
mobile mapping technology include: 1) extends the data collection window; 2) allows for 
flexibility with field enumerator assignments; 3) provides improvements in data quality 
through embedded edit checks; and 4) saves money by eliminating the cost of mailing the 
aerial photographs and all questionnaires.  
 
In 2012, NASS partnered with Iowa State University’s Center for Survey Statistics and 
Methodology to develop a prototype mobile mapping instrument for the JAS (Gerling et. 
al, 2015).  The goal of the instrument was to replace both the aerial photograph and the 
paper questionnaire that collects the field-level data.  The prototype was tested in the field 
for several years by well-trained enumerators; enhancements were made based on feedback 
from the field enumerators as well as the need to reduce the time it took to outline the fields 
(Abreu et. al, 2015; Lawson et. al, 2015; Boryan et. al, 2017; Barboza et. al, 2017).   
 
This paper documents the results of a study conducted in 2016 that primarily focused on 
evaluating data collection times on the JAS segments using the mobile mapping instrument 
in an attempt to reduce interview times.  The study consisted of a series of mock interviews 
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that compared interview times using the mobile mapping instrument for the JAS segments 
with pre-delineated boundaries to times using the paper data collection method.    The mock 
interviews were timed and simulated actual live data collection activities.  Section 2 
provides the background information on the JAS.  In Section 3, the features and 
functionality of the mobile mapping prototype instrument are presented.  Section 4 outlines 
the design of the study.  Section 4 presents the results.  Finally, Section 6 wraps up with 
some concluding remarks and recommendations for future research.  
 

2. June Area Survey (JAS) 

The JAS is conducted annually and uses an area frame, which ensures complete coverage 
of all land within the 48 coterminous United States.  For each state, land within the area 
frame is divided into homogeneous strata based on percent cultivated land and further into 
substrata based on similarity of agricultural content.  The land is divided into primary 
sampling units (PSUs) and then assigned to a stratum.  PSUs are sampled from each 
substrata, then smaller and similar-sized segments of land (about one square mile) are 
delineated within these selected PSUs.  One segment is randomly sampled from each 
selected PSU to be fully enumerated during the JAS (See Figure 1). 
 

 
Figure 1: NASS area sampling frame for North Carolina 

 
The selected JAS segments (outlined in red in Figure 2) usually have physical boundaries 
that follow the infrastructure on the ground (See Cotter et. al 2010 for further details on the 
JAS design).  These are pre-screened in May prior to the June data collection period.   Field 
enumerators are provided a paper aerial photograph showing the sampled segment area and 
must account for all land inside the segment boundary. They divide each segment into 
tracts of land (outlined in blue in Figure 2).  Obvious non-agricultural areas, such as roads, 
rivers, etc., are assigned a tract letter and automatically classified as a non-agricultural tract.  
Each of the remaining tracts of land is assigned a tract letter that represents a unique land 
operating arrangement.  These tracts are then screened for agricultural activity and 
classified as either an agricultural tract or a non-agricultural tract.  JAS data collection is 
conducted during the first two weeks of June when field enumerators return to interview 
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the agricultural tract farm operators.  A separate paper questionnaire is completed for each 
agricultural operation within the segment. Farm operators identify all field boundaries 
(outlined in red in Figure 3) on the aerial photograph and report acreage, crops planted or 
other land use (pasture, woods, wasteland, etc.) of each individual field within the tract 
using Section D of the paper questionnaire.   
 

 
 
                 
 

 
3. Overview of the Prototype Mobile Mapping Instrument 

 
The mobile mapping instrument is a web application designed to run within the Safari 
browser on an iPad.  The instrument has two main parts (Figure 4).  The left side of the 
screen contains the aerial imagery where fields are delineated in place of the paper aerial 
photograph.  The right side of the screen displays general field information and contains a 
streamlined electronic version of Section D of the paper questionnaire (See Attachment A).   
 

 
 
 
  

Figure 2: The area outlined in red is the 
segment. Tracts are outlined in blue and 
labeled with letters. 

Figure 3: Tracts are outlined in blue and labeled. 
Individual fields are outlined in red within the 
tracts and labeled with numbers. 

Figure 4: Mobile Mapping Instrument 
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The mobile mapping instrument is offline-capable.  A substantial amount of the JAS data 
collection takes place in rural areas that tend to have intermittent signal; therefore, it is 
essential that the instrument be able to operate without an Internet connection.  Prior to 
data collection, enumerators run a cache routine to store the required imagery in the iPad’s 
memory.  If a wireless connection is available, the instrument transmits a copy of the data 
to the web server as it is entered or modified by an enumerator.  Otherwise, the data remains 
stored locally on the iPad.  All data are automatically transmitted to the web server 
whenever a wireless connection is available.  Up-to-date traffic light symbols are displayed 
to indicate if the data has been stored locally on the iPad, saved to the server, or both. 
 
The instrument contains a wide range of GIS tools and features.  The aerial imagery on the 
left side of the main instrument screen can also be displayed in full screen mode (Figure 
5).  In Figure 5, the red segment boundary is overlaid on digital imagery that is obtained 
from the National Agricultural Imagery Program (NAIP), which acquires aerial imagery 
during the agricultural growing seasons in the continental United States.  Typically, this 
digital ortho-rectified aerial photography is available to governmental agencies and the 
public within two to four months after acquisition.  
 
    
 

 
 
 
 
  
 
 
 
 
 
 
 
The instrument is capable of presenting additional resource material using Web Map 
Service (WMS) overlays so the NAIP imagery can be replaced with another layer, such as 
Bing roads (Figure 6).  The Bing roads layer is similar to a road map, which shows road 
names, parks, golf courses, cemeteries, etc.  This is helpful in locating fields and identifying 
land features. 
 
The majority of the functions are performed within the aerial imagery part of the instrument 
using the various tools created within OpenLayers, which is an open-source JavaScript 
mapping library and provides basic web and GIS functionality.   
 
In the JAS enumeration process, enumerators use a blue grease pencil to outline tracts and 
a red grease pencil to outline fields on the paper aerial photograph.  Although fields are 
pre-delineated within the mobile mapping instrument, a farmer may report that a field is 
actually comprised of two fields.  In that case, the mobile mapping instrument requires 
“splitting” the field into two fields instead of outlining them.  The polygons representing 
each of the fields are created by using the “Split Features” tool.  Splitting ensures that all 
land parcels are accounted for within the segment boundary. 
 
  

   Figure 5: Instrument shown in full screen mode   Figure 6:  Displaying the Bing roads layer    

2115



The right side of the mobile mapping instrument’s main screen (Figure 7) displays the 
calculated GIS acreage, column heading “Area (ac)”, along with general information about 
all of the polygons or fields that have been delineated on the aerial imagery.  A button to 
the right of each field is used to open the electronic field-level data collection form (Figure 
8) referred to as Section D.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mobile mapping instrument provides a highly optimized version of the paper Section 
D form. The specific details for each field are captured in a survey-like format containing 
drop down menus and basic edit checks.  Skip rules and validation logic are specified per 
question dynamically.  This effectively reduces the complex paper table as shown in 
Attachment A, to a handful of questions that relate to the specific crop or land use.   
 

4. Study Design  
 

The goal of the 2016 mobile mapping prototype research was to compare interview times 
between the current pencil and paper procedures and the mobile mapping instrument for 
JAS segments in Indiana (IN) and North Carolina (NC).  The study consisted of a series of 
mock interviews that compared interview times using the mobile mapping instrument for 
the JAS segments with pre-delineated boundaries to times using the paper data collection 
method. Timed interviews were conducted using a mock interview format that simulated 
actual live data collection activities.   
 
Field staff and other NASS personnel served in the role of the farm operator.  No interviews 
were conducted with actual farm operators for this part of the study. Instead, real-life 
situations were simulated in an effort to avoid burden on farm operators.  
 
Segments from the 2015 JAS were selected in Indiana and North Carolina.  The segments 
loaded to the instrument had pre-delineated field boundaries.  Mock interviews were 
conducted to accurately time realistic data collection in the field.  Using a replicated Latin-
square design, each segment was completed 2 times in the mobile mapping instrument (1 
time indoors and 1 time outdoors) and 2 times using the aerial photo with colored pencils 
(1 time indoors and 1 time outdoors) for each of two replicates.  Eight enumerators 
participated from each state, with each Latin-square replicate consisting of 4 enumerators.   

Figure 7:  The right side of main screen displays     Figure 8:  A view of the opened Section D 
the calculated GIS acreage and general field form for the first field in the information table 
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The interest of this study is to determine whether the mobile mapping instrument increases 
the burden on JAS survey respondents by taking longer to complete. Interview times vary 
based on many tract and segment characteristics, as well as by the enumerator conducting 
the survey. Fields and tracts differ by state due to differences in area, boundary shape and 
length, and infrastructure used to define them. These differences result in some segments 
taking longer to enumerate. In addition, some enumerators with more experience may 
conduct interviews faster than others. In order to assess enumeration time differences 
resulting from the use of the mobile mapping instrument, these variations based on state, 
segment and enumerator must be accounted for. 
 
During the JAS, enumerators are sent to a segment to collect information from all tracts 
within it. Thus, multiple interviews are often conducted within a given segment and 
multiple interview times are recorded. Because enumerators must collect data for the full 
segment, data collection methods are administered at the segment level. However, data 
collection times are recorded for all tracts within the segment. Enumeration times vary 
greatly based on the tract being enumerated. Tracts have different acreage, number of 
fields, complexity and length of field boundaries and other characteristics that make them 
more or less difficult to collect data or trace boundaries. Previous work has shown the 
single largest characteristic affecting enumeration time is the number of fields that the tract 
contains. To adjust for differences in the complexity of tracts, the average enumeration 
time per field is calculated. This enables enumeration methods to be more accurately 
compared across different tracts.  
 
The study aimed to answer the following research questions: 

1. Do the average interview times significantly differ between the instrument and the 
current pencil and paper procedures? 

2. Do the average interview times significantly differ if the interviews are conducted 
indoors or outdoors for either method? 

3. Do the average interview times significantly differ by state? 

The experiment was designed to determine the effects that using the mobile mapping 
instrument to enumerate JAS segments had on the time it takes to enumerate a JAS sampled 
tract with the farm operator. A sample of 16 JAS segments was chosen in each state and 
each segment was enumerated using each of four treatments: 
 

A. JAS paper survey – Indoors 
B. JAS paper survey – Outdoors 
C. Instrument enumeration – Indoors 
D. Instrument enumeration – Outdoors 

The time taken to complete the JAS interview with the tract operator was recorded for each 
tract within a sampled segment.  
 
Eight enumerators were randomly assigned a position of 1 – 8. The enumerators were 
assigned segments to enumerate and treatment order based on a Latin-square design. 
Previous work has shown that enumerators become faster at enumerating a segment, if they 
repeatedly enumerate it.  Thus, a Latin-square design was used to eliminate the effects of 
“learning” a segment during enumeration using all treatments.  An enumerator enumerated 
each of the four segments using a different method. The method used to enumerate each 
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segment and the order in which each treatment (enumeration method) were based on a 4x4 
Latin-square design. Thus, each segment was enumerated 4 times each with a different 
enumerator and with a different method.  Two Latin-squares were used in the study. Table 
1 shows the interview administration scheme for the experimental design for each segment 
in both replicates.  The letters A-D represent one of the four treatments detailed above.  
  

Table 1: Actual treatment scheme and segments assigned to enumerators. 
Segment Latin-square Replicate #1  Latin-square Replicate #2 

Enum 1 Enum 2 Enum 3 Enum 4  Enum 5 Enum 6 Enum 7 Enum 8 
1 A B C D  C D B A 
2 B A D C  D C A B 
3 C D A B  B A C D 
4 D C B A  A B D C 
. . . . .  . . . . 
. . . . .  . . . . 

13 B C A D  C A B D 
14 A D C B  A C D B 
15 C B D A  B D A C 
16 D A B C  D B C A 

 
The selected segments were delineated using a variety of sources such as topology maps, 
satellite derived Cropland Data Layer (CDL) information and Common Land Units (CLUs) 
from the Farm Service Agency (FSA).  First, JAS segments were intersected with the FSA 
CLU polygons.  Then, NASS cartographers delineated additional areas using available 
topology, road maps, NAIP imagery and information from the CDL.  Figure 9 shows a JAS 
segment before the pre-delineated boundaries and Figure 10 shows the same segment with 
the pre-delineated boundaries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
 

Figure 9:  JAS segment without any                     Figure 10:  JAS segment after the  
field boundaries                                                      field boundaries were delineated 
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The final product, a segment with pre-delineated field boundaries, was loaded to the mobile 
mapping instrument. Enumerators were not able to discern differences between a 
cartographer’s delineation and an FSA delineation.  This process was implemented in all 
segments in the study.  
 
Enumerators were trained on the instrument’s functionality prior to interviews.  The first 
part of their training consisted of an independent training course that each enumerator 
completed on their own.  Enumerators were provided an independent training manual along 
with instructional videos; and they completed practice exercises designed to teach them the 
basic fundamentals of the instrument. The second tier of training consisted of a training 
workshop.  The workshop devoted 1.5 days for new enumerators and 1 day for enumerators 
with prior experience with the instrument. This included presentations and discussion of 
more complex functions of the instrument along with practicing interviewing techniques 
using the iPad.  
 
An enumerator completed all the interviews within each segment.  For example, if there 
were five operations in a given segment, the enumerator conducted five separate 
interviews.  An answer key was prepared for each operation within a segment.  Staff 
members acting in the role of the farm operator would study the answer key prior to survey 
administration.  Within a segment, enumerators timed each interview and recorded the time 
on a form that was provided (see Attachment B).  The form was designed to record the 
interview time with the farm operator for each agricultural tract within a segment.   
 

5. Results 
 
Table 2 shows the total number of mock interviews conducted in each state by interview 
location and mode of data collection.  A total of 600 interviews were completed.  Twelve 
of the interviews were removed due to a problem with the answer key, errors in the 
instrument, or related to a training issue that should have been resolved outside of interview 
time.  A total of 588 interviews were utilized in the final analysis.   
 
Table 2:  Number of Mock Interviews for Each State by Location and Mode of Data 

Collection                                                 

State 
Interview Location  

Instrument 
Indoors 

Instrument 
Outdoors 

Paper 
Indoors 

Paper 
Outdoors 

Total 

Indiana 80 106 92 94 372 
North Carolina 55 53 45 63 216 

Total 135 159 137 157 588 
 
To compare interview times for JAS segments using the mobile mapping instrument with 
pre-delineated fields to the pencil and paper procedures, the average interview time per 
field was calculated for each tract.   
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑓𝑖𝑒𝑙𝑑 =  
𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑐𝑡 𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤 𝑡𝑖𝑚𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑒𝑙𝑑𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑟𝑎𝑐𝑡
 

 
The average interview time per field was calculated for each state involved in the study 
(See Figure 11).  Overall, the interview time per field increased by about ¾ of a minute 
when the instrument was used as compared to the pencil and paper procedures for all states 
involved in the study (1.7 minutes and 1 minute, respectively).  North Carolina had the 
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largest difference in enumeration time based on the method of data collection. This is most 
likely explained by field sizes being smaller and uneven terrain causing boundaries to be 
more complex. Fields in Indiana tend to have straighter boundaries making them easier to 
input into the instrument. 
 

 
Figure 11: Average Interview Time per Field Paper vs. Instrument 

 
Figure 12 shows the average interview time per field by mode of data collection and by 
whether the interviews were conducted indoors or outdoors. Overall, instrument conducted 
interviews had higher interview times as compared to the paper procedures.  In Indiana, 
outdoors interviews with the instrument took longer than those conducted with the 
instrument indoors.  The reverse happened in North Carolina.       
  

 
Figure 12: Average Interview Time per Field Indoors vs. Outdoors &  

Paper vs. Instrument 
 
The amount of time taken to complete the interview with the tract operator was recorded 
for each tract within the segment. The numbers of tracts vary by segment and the time 
taken to enumerate the tract may depend on the number of fields, the area of the tract, 
and/or the state the tract is in. An evaluation of the residuals for the average interview time 
per field for each tract indicated that the residuals were not normally distributed.  As a 
result, a log transformation was performed on the average interview time per field for each 
tract.  Using SAS’s proc Glimmix, a linear model was fit to determine which factors are 
significant predictors of the log average interview time per field.  Analysis of the least 
squares means was also conducted.  The model is described as follows:   
 
𝒚 = 𝝁 + 𝜷𝑺𝒕𝒂𝒕𝒆 + 𝜷𝑴𝒐𝒅𝒆 + 𝜷𝑰𝒏𝒕𝒆𝒓𝒗𝒊𝒆𝒘 𝒍𝒐𝒄𝒂𝒕𝒊𝒐𝒏 + 𝜷𝑴𝒐𝒅𝒆∗𝑺𝒕𝒂𝒕𝒆 + 𝜷𝑴𝒐𝒅𝒆∗𝑰𝒏𝒕𝒆𝒓𝒗𝒊𝒆𝒘 𝒍𝒐𝒄𝒂𝒕𝒊𝒐𝒏

+ 𝒆𝑬𝒏𝒖𝒎  +  𝝐 
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where 𝒆𝑬𝒏𝒖𝒎~𝑵(𝟎, 𝝈𝒆

𝟐) and 𝝐~𝑵(𝟎, 𝝈𝒆
𝟐). 

 
The dependent variable, y, represents the log of the average interview time per field.  Three 
predictors were considered in the model: the mode of data collection (paper and 
instrument), state (Indiana and North Carolina), and interview location (whether the 
interview was conducted indoors or outdoors).  Also, the interactions between mode of 
data collection with state and with interview location were included in the model.  In 
addition, a random effect was fit for the enumerator collecting the data. Random effects 
were also considered for the segment being enumerated but did not explain a significant 
portion of the variance after adjusting interview times for the number of fields in the tracts. 
Estimates, standard errors, and p-values for parameters in the fit model are presented in 
Table 3.  
  

Table 3: Full Model Results 

Parameter Estimate Standard Error t p - value 

Intercept -0.1503 0.08718 -1.72 0.1155 

State (North Carolina=1) 0.2535 0.1211 2.09 0.0368 

Mode of Data Collection 
(Instrument=1) 0.4269 0.06106 6.99 <.0001 

Interview Location (Indoors=1) -0.01286 0.05552 -0.23 0.8169 

Mode of Data Collection * State 0.1673 0.08083 2.07 0.0389 

Mode of Data Collection*Interview 
Location  -0.07053 0.07920 -0.89 0.3735 

 
Table 3 shows the estimates, standard errors, t-statistics, and p-values from the resulting t-
tests for each coefficient in the linear model. The results indicate that state and mode of 
data collection are significant predictors of the average interview time per field at an α =0 
.05 level (p-values equal 0.0368 and 0.0001 respectively).  Interviews in North Carolina 
took longer than interviews in Indiana on average.  Also, interviews with the instrument 
took longer than the pencil and paper interviews on average.  However, the location of the 
interview (indoors or outdoors) is not significant at explaining the average interview time 
per field.  The effect of instrument enumeration in North Carolina was also significant at 
an α=0.05 level indicating the enumeration on the instrument took longer in this state.  
Figure 13 shows the least square means of the interaction between mode of data collection 
and state.  From the analysis of the least squares means, it is clear that interview times per 
field were greater when using the instrument as compared to traditional paper data 
collection, especially in North Carolina.   
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Figure 13: LS Means Mode of Data Collection by State 

 
6. Conclusions  

 
In conclusion, using a mobile mapping instrument shows promise in modernizing 
NASS’s data collection efforts.  The results showed that it took on average of about ¾ 
of a minute longer per field to collect data with the mobile mapping instrument compared 
to current pencil and paper procedures. Even though it took slightly longer to conduct 
interviews, utilizing mobile mapping technology to conduct the interviews provides a 
number of benefits.  First, using a mobile mapping instrument will allow for a longer data 
collection window as it eliminates shipping time, field office hand editing and numerous 
hours of data entry when the questionnaire is returned to the field office.  The quality of 
the data collected is improved because the instrument has embedded edit checks.  When 
enumerators go into the field with the aerial photograph, they may miss some sections of 
land.  In other words, not all land in the sampled segment is always accounted for using 
the pencil and paper method.  This would not be the case with the mobile mapping 
instrument, as ALL land within the sampled segment is accounted for and identified.   
 
The use of mobile mapping technology allows for flexibility with field enumerator 
assignments.  For example, currently, if a field enumerator is unable to complete his/her 
workload, the information needs to be mailed to the supervisor in order to be given to 
someone else.  With the mobile mapping instrument, field enumerators only need to return 
a segment to the server and another staff member can work on and continue where the first 
enumerator left off.  Another benefit is that using the instrument gives the enumerators 
more time to conduct interviews.  Currently, enumerators have to stop interviews three 
days prior to the end of the data collection period.  Using the instrument allows them to do 
more interviews in the three day period and then they can just submit their work at the end 
of the third day.  Finally, utilizing mobile mapping technology eliminates the cost of the 
field enumerators mailing the aerial photographs and all questionnaires back to the field 
office upon completion of their work.    
 
The use of mock interviews provides a reasonable platform to evaluate collecting data 
using the mobile mapping instrument.  However, this method does not capture all possible 
interactions between the enumerators and the farmers or data collection conditions that 
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could affect interview times.  Further research should focus on evaluating the mobile 
mapping instrument in the field with actual farm operators to be able to gage real-life 
interviewing conditions.   
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A-1 

Attachment A 
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B-2 
 

Attachment B 
 

ENUMERATOR’S DATA COLLECTION FORM (Front) 
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B-2 
 

Attachment B 
 

 ENUMERATOR’S DATA COLLECTION FORM (Back) 
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