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Abstract 
The United Nations Economic Commission for Europe (UNECE) holds an annual workshop 
on Statistical Data Editing with a focus on official surveys. The 2017 workshop organizers 
formed subgroups who were tasked to come up with ideas to foster the implementation of 
good practices and international collaboration among the statistical offices of member 
countries. One proposal from the subgroups was to conduct a classification of existing 
methods for data editing and imputation based on papers presented in previous UNECE work 
sessions on data editing. Another idea was to create an indexed and searchable inventory of 
these papers using a taxonomy. This paper describes research addressing the first idea – to 
construct a taxonomy of topics addressed by the UNECE data editing group. To do this, we 
downloaded all papers from the annual work sessions, converted them to machine readable 
format, and applied text analysis approaches to create a taxonomy based on the papers. This 
paper will describe the process and tools used to create the taxonomy, so others can apply 
these same ideas to their document collections. 

1. Introduction

The United Nations Economic Commission for Europe (UNECE) has held twelve (12) 
workshops on Statistical Data Editing since 2000. At the 2017 workshop, the organizers 
formed subgroups who were tasked to come up with ideas to foster the implementation of 
good practices and international collaboration among the statistical offices of member 
countries. One proposal from the subgroups was to conduct a classification of existing 
methods for data editing and imputation based on papers presented in previous UNECE work 
sessions on data editing. Another idea was to create an indexed and searchable inventory of 
these papers using a taxonomy [1]. 

This paper describes research addressing the first goal – to construct a taxonomy or 
classification of topics or methods addressed by the UNECE data editing group. To this end, 
we downloaded all papers from the twelve work sessions and applied text analysis approaches 
to cluster the papers, so papers grouped together have similar topics. This grouping can serve 
as a starting point for a taxonomy of data editing and imputation topics presented at the 
UNECE workshops.  

We note that this work was also presented at the 2018 UNECE Working Group Session in 
Neuchatel, Switzerland [2]. We used the MATLAB Text Analysis Toolbox for most of the 
analyses presented in this paper, while R was used for the Bayes clustering approach. 

2. Preparing the Data

2.1 Source of Documents 

The body of documents (or corpus) includes papers downloaded from the UNECE wiki site 
that hosts information on the “Seminars and Workshops organized by UNECE in the area of 
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Statistical Data Editing.” [3] There have been twelve (12) workshops focusing on this area 
starting in the year 2000. All of the content on the site is open and available to the public.  
 
Papers of approximately 10 pages in length must be submitted by authors before the 
workshop, and a template [2, 3] is to be used for all papers. So, we had significant content to 
work with, unlike most workshops, where only abstracts are available. Most (if not all) 
attendees work for their respective country’s government statistical agencies, so the focus is 
on official statistics. Furthermore, the workshops are organized around major themes (e.g., 
tools, systems, methods), and all centre on just one area – data editing and imputation. Given 
this, these papers represent a restricted domain of discourse (i.e., statistical data editing), and 
we expect to obtain reasonable results when clustering the papers.  
 
The documents are posted to the wiki site in .pdf format. We downloaded all documents by 
hand rather than use a web-scraping tool. There were a total of 427 usable papers or 
documents. One paper did not use the template, and another had problems with the .pdf 
encoding, and we could not convert it to text.  
 
2.2 Pre-processing the Documents 
 
One always has to pre-process unstructured text documents before encoding them. We 
followed these steps to clean the data [4]. 
 

• We removed the header information based on the template. This included everything 
from “I. Introduction” and above. So the title and author information were not part of 
the final documents to be clustered. 

• We deleted the reference section. 
• We removed special characters and end-of-sentence punctuation (! @ $ , . ! ? …). 
• We deleted stop words, which are considered to be non-informative. These are words 

such as and, the, but, for, … We used a generic list of stop-words. 
• We removed short words (3 characters or less) and long words (15 characters and 

more). 
• We deleted infrequent words – those that occurred two times or less.  
• Finally, we converted all text to lower case. 

 
We tried to remove acronyms (e.g., BLS, NCHS, NASS, UNECE…) using pattern matching, 
but we were not successful. So, some acronyms might be in the lexicon. (The lexicon is the 
list of unique words in the corpus.) See Table 1 for summary information on the set of papers 
included in the corpus.  
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Table 1: Summary information on the set of 427 papers (documents) 
downloaded from the UNECE Statistical Data Editing website and included 
in the corpus. 
Year of 
Workshop 

Number of Documents 
In Workshop 

Average Number of Words per 
Document 
After Pre-Processing 

2000 22 690 
2002 36 799 
2003 34 781 
2005 51 851 
2006 26 732 
2008 38 803 
2009 43 725 
2011 44 794 
2012 44 797 
2014 30 673 
2015 33 721 
2017 26 700 

 
2.3 Encoding the Documents 
 
Now that we have the set of cleaned and pre-processed papers or documents, the next step is 
to convert the text to a numerical format so we can compute with it. A widely used method is 
to encode the documents in a term-document matrix (TDM). This is also known as the bag-
of-words approach. The ij-th entry in the TDM corresponds to the number of times the i-th 
word appears in the j-th document. Each column of the TDM represents a word frequency 
distribution for a given document or paper.  
 
The TDM has p rows, which is the number of unique words in the lexicon. It has n columns 
corresponding to the number of documents in the corpus. To statisticians, each document is 
an observation, and each word is a dimension. As we will see in the next section, the number 
of dimensions is quite a bit larger than the number of observations, so n << p. 
 
What we just described is the TDM with raw frequencies; i.e., the number of times a word 
appears in a document. Other types of term (or word) weighting schemes have been 
developed in the information retrieval literature [5]. A useful one when we have a restricted 
domain of discourse, which is what we have in this application, is the binary encoding. The 
binary representation records the presence or absence of a word. So, an entry of one (1) 
means the word is in the document, and a zero (0) indicates the word is not in the document.  
 
Another approach sometimes used in information retrieval and text analysis is stemming [4, 6, 
7]. With stemming, we reduce words to their stem or root word. For example, the words 
editing, edited, edits would be replaced by the word edit. We created a corpus based on 
stemming, but have not analysed these stemmed documents yet. 
 
Here is a summary of where we are at this point in the process. We have n = 427 papers or 
documents to cluster. There are p = 10,737 unique words in the corpus after we remove the 
domain-specific stop words, as described in the next section. We have two types of encodings 
– raw frequencies and binary. We are not using the stemmed corpus in what follows. 
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2.4. Describing the Corpus 
 
It is always a good idea to look at word frequency distributions for the corpus to get a sense of 
the content. Figure 1 shows the word frequency distribution for the set of papers in our 
corpus, and we see that the highest-frequency words are data, editing, and imputation. These 
are not informative in our application, and we should remove these and similar domain-
specific stop words. 
 

                    
Figure 1: This shows a word frequency distribution for the set of 427 documents. The 
highest-frequency words data, editing, and imputation are not informative in this application. 
The domain-specific stop words were removed. 
 
 

3. Exploratory Process 
 
While some statistical machine learning methods can be used with high-dimensional data, we 
found that the data are just too noisy in these high-dimensional spaces. Thus, we first reduce 
the dimensionality before further analysis. There are several approaches for dimensionality 
reduction [8], such as singular value decomposition, multidimensional scaling, and non-
negative matrix factorization. We have had success using ISOMAP or Isometric Feature 
Mapping [9], which tries to find an embedding for the observations on a lower-dimensional 
sub-manifold. 
 
ISOMAP takes the interpoint distance matrix as inputs. It uses these distances to estimate the 
geodesic distances between points along a sub-manifold. These geodesic distances are used in 
turn as the inputs to classical multidimensional scaling to find an embedding in a lower-
dimensional space.  
 
We applied ISOMAP to our TDM (matrix with 10,737 rows and 427 columns). A reasonable 
value for the number of dimensions to use for the embedding appeared to be five (5). So, we 
finally end up with a data matrix containing 427 rows (or observations) and d = 5 columns 
(dimensions). One of our ISOMAP embeddings based on the binary-encoded TDM is shown 
below in Figure 2. The TDMs reduced to these 5-D ISOMAP spaces (one for binary encoded 
terms and one for raw frequencies) are clustered.  
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Figure 2: This scatterplot matrix shows the ISOMAP embedding in 5-D applied to the 
binary-encoded TDM. Each point is a document. The observations (documents) with 
coordinates in this 5-D space are clustered. 
 
The next step in our analysis is to cluster the documents, such that documents with similar 
topics are grouped together. Clustering is an exploratory data analysis technique. Thus, it is a 
good idea to try different approaches or methods to explore our data and see what type of 
cluster structure we can find. This is especially true with clustering because the types of 
clusters one gets is dependent on the method used.  
 
A key problem with clustering is determining the number of groups we might have in the 
data. After all, we might have only one group and no clusters! To make the analysis a little 
easier, we used two clustering approaches that also provide estimates of the number of groups 
or clusters based on the data. So, we do not have to specify the number of groups, as we 
would in k-means or agglomerative clustering. 
 
These two methods are model-based clustering (MBC) [10] and Bayes clustering [11]. MBC 
obtains the clusters by modelling the data as a finite mixture of weighted multivariate normal 
probability density functions. Each component in the model (or multivariate normal density 
function) corresponds to a cluster. The estimated covariance for a component determines the 
shape of the cluster, and it allows for a very flexible structure. This is different from k-means, 
which tends to produce spherical clusters.  
 
Bayes clustering provides a hierarchical version of k-means. It takes the limit of a hierarchical 
Dirichlet process model as the noise variance contracts to zero and employs penalized 
optimization to estimate the model parameters. The Carlinski-Harabaz statistic is used to 
select the penalty parameter, which in turn estimates the number of clusters. The advantage of 
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this approach and why it is particularly relevant to this application is it allows for global 
clustering with possible local dependencies among the individual workshops. 
 
We could employ the following scenarios when clustering our set of documents or workshop 
papers. First, we could cluster the entire set of 427 documents. In this case, we consider the 
papers as belonging to one workshop and not taking into account that they came from 
different workshops over a span of years. So, this would consider each workshop to be 
independent of the others. We might also cluster the papers from each workshop separately. 
This option is beyond the scope of this paper, and we keep this for future work. Finally, we 
can take the middle view using Bayes clustering, where we can account for possible local 
clustering dependencies, which are linked to global clusters.  
 

4. Results 
 
We cannot show all results in this paper due to space considerations. So, we present results 
just for the following two cases: 
 

1. Model-based clustering applied to raw frequency encoded documents 
2. Bayes clustering applied to binary encoded documents 

 
4.1. Model-Based Clustering 
 
Using MBC with the raw frequency encoding in a 5-D ISOMAP embedding produced six (6) 
groups. The sizes of the clusters are 104, 82, 42, 112, 52, and 35. We show word clouds based 
on each cluster in Figure 3. These give us a sense of the content in the groups. These results 
indicate there is some coherent structure, and we could assign reasonable topics to the 
clusters. For instance, cluster 4 seems to be on accuracy and variance, while cluster 5 covers 
aspects of questionnaires. 
 
4.2. Bayes Clustering 
 
Using Bayes clustering with the binary encoding in a 5-D ISOMAP embedding produced nine 
(9) groups of sizes 28, 31, 29, 41, 87, 37, 47, 32, and 95. We show word clouds based on each 
cluster in Figure 4. We see similar coherent cluster topics as we had with MBC applied to raw 
frequency encoded documents. It is interesting to note that there are now two questionnaire 
clusters – one on electronic questionnaires (number 2) and one on paper questionnaires 
(number 3). 
 
Recall that Bayes clustering allows for possible local clustering structure, which is connected 
to the global clusters. This seems a reasonable view for our application because we have 
twelve separate workshops (local structure) all addressing one theme – data editing and 
imputation (global structure). So, we might expect to see some dependence across the 
different workshops. 
 
Bayes clustering is implemented in an R package, which has not been posted yet to CRAN 
[12]. The package produces a series of plots to visualize cluster results, one of which is a set 
of histograms. In our application, there is one histogram for each year or workshop. A single 
histogram shows the frequency distribution of workshop papers based on the global clusters. 
This plot is shown in Figure 5. 
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Figure 3: These are bigram (word pair) clouds for each cluster found by applying MBC to 
the raw frequency encoded documents. Starting from left to right and top to bottom, the 
cluster sizes are: 104, 82, 42, 112, 52, and 35. 
 

 
30



 

 

marital status
minimum change

canadian census
subject matter

predictive accuracy
ratio balance

linear inequality

household size

balance equations

relationship matrix

balance equation

visual studio

record combinations

failed record

total field

field score

implicit generation

speer system

version speer

stuartmaxwell test

studio bits

bits visual

fellegi holt

relationship person

change donor

condition result

registration systems

commonlaw status

true recovered

minimum impute

section describes

concluding remarks

failed household

failing record

male single

labour market

persons household

census system

census population

complete consistent

failed unit

ratio bounds

records failing

truth deck

nearest neighbour

person households

proportion true

kappa coefficient

households persons

person sssp

bits bits

distance measure

total total

complete ratio

speer speer

times field

 

decision logic

field scores

potential donors

swiss census

person marital

perturbation level

census bureau

generate implicit

implicit generated

donor records

determines minimum

record fails

dfpa dfpa

date birth

female single

person person

single donor

generated prior

business entities

census census

inconsistent responses

logic tables

administrative files

date immigration

distance function

canceis diesis

provider based

national health
implied generated

failed records

employee posts

person level

monitoring tabulations

companies people

essential impute

generating list

matter experts

male married

final total

population based

canceis census

subset implicit

single level

reporting enterprises
subject matter

electronic questionnaires

census agriculture

call centre
electronic questionnaire

time effort

matter statisticians

paper questionnaires

structural business

quality control

computer assisted

collection process

electronic reporting

adel system

improving measures

interface layer

erroneous records

output prices

plausibility improving

respondent burden

output price

source code

price indices

electronic forms

survey clerks

time series

production process

matter unit

preliminary results

csaqs questionnaires

collection system

short term

shortterm indicators

enterprise burden

economic activity

priority setting

validation rules

access rights

response rate

Statistics Austria

quality incoming

winning process

sample survey

processing system

taking account

information collected

administrative sources

Data Editingmode collection

fellegi holt

minimum change

framework application

control program

survey process

agricultural census

improve timeliness

filling questionnaires

outbound call

fill questionnaires

mixed mode

using internet

external winning

consistency checks

final file

intermediate products

Short Term

Term Survey

failed household

donor pools

inhouse strategy

production processes

improving relationship

market share
monthly survey

pilot phase

improve quality

burden improving

estimation time

auditing system

final remarks

fill questionnaire

elimination keying

fatal query

total turnover

matter units

code generators

electronic collection

potential donors

compilation yearly

improve efficiency

capi cati

sample size

analysis system

processing census

survey processing

annual survey

score function

industrial production

previous period

census agriculture
processing system

paper questionnaire

donor pool

internet collection

reporting portal

paper questionnaires

online questionnaires

survey form

donor pools

radio buttons

respondent burden

census bureau

usability testing

substitute households

internet questionnaire

authoring tool

survey processing

donor search

content test

electronic reporting

online questionnaire

review screen

date birth

validation messages

survey instrument

manual review previously reported

improve quality

survey card

relationship matrix

household roster

census questionnaire

initial donor

Coverage Edit

Edit Followup

electronic collection

followup rates

substitutes substitute

paper version

Interrupt Screen

processing systems

survey respondents

electronic questionnaire survey manager

coverage probes

computer assisted

census processing

recipient record

census test

shown figure

mode effect
coding frame

survey program

look feel

collection system

paper forms

electronic questionnaires

access code

regional office

search routine

system developed

survey process

review correction

census bureaus

nearest neighbor

survey forms

electronic forms

collection modes

check boxes

field offices

questionnaire components

functional requirements

repository system

short form

online interface

 

postal code

questionnaire design

shown table

bureau census

respondents provide

partial nonresponse

questionnaire respondents

clean records

individual forms

dwelling form

england wales

complex coding

business rules

decision logic

logic tablesanalysis system

previous census

total survey

internet survey

postdata collection

nonresponse rates

respondents click

radio button

administrative sources
business register

growth rate

population register

social security

administrative source

legal units

size class

balance sheet

source source

nace code

publication cell

target population

text coded

labour force
information available

structural business

total turnover

employee jobs

administrative registers

labour market

national accounts

base registers

micro level

administrative systems

employment relationship

economic activity

income base

employed persons

response burden

fiscal units

production process

outlier detection

core cell

enterprise units

information occupation

agricultural holdings
based administrative

business survey

available administrative

turnover enterprise

reference period

force survey

available information

sheet total

fiscal unit

yearly turnover

micro file

enterprises turnoverenterprise accounts

administrative microdata

earned income

reporting units

words text

administrative information

external trade

enterprise level

micro files

business registers

score functions

score function

multiple sources

changes stocks

type activity

auxiliary information

activity code

size classes

publication cells

sources available

found income

population census

buildings dwellings

private sector

using administrativeprofit loss

monthly quarterly

growth rates

administrative register

linked file

employment wage

reporting unit

registers administrative

sample units

time series

subject matter

enterprises employees

active enterprises

unit level

publication figures

households individuals

reference date

health enterprises

rest stage

income survey

main type

response rate

information sources

enterprises enterprises

quality indicators

retail trade

standard deviation
normal distribution

covariance matrix

variance estimation

regression model

nearest neighbour

simulation study

score function

multiple ratio

maximum likelihood
linear regression

sample size

confidence interval

described section

monte carlo

impute missing

little rubin

time series

outlier detection

establishment panel

total variance

random noise

disclosure risk

sampling design

model parameters

selective procedure

auxiliary information

multivariate normal

parameters estimated

missing items

sample survey

probability distribution

predictive mean

variance estimator

table resultsfeasible solution

fellegi holt

simple random

normally distributed

agricultural products

regression models

table table

sampling weights

contingency table

missing random

social security

relative bias

machine learning

simple typing

likelihood estimates

missing mechanism

completely random

nearest neighbor

templ filzmoser

missing missing

mahalanobis distance

random sampling

ratio estimator

information available

model based

business survey

joint distribution

population census

distance function

sampling variance

quality indicators

target estimates

coefficient variation

response pattern

approach based

economic activity

distribution true

bootstrap sample

confidence intervals

variance estimates

classification probabilities

dirichlet distribution

item nonresponse

marital status potential donors

total costs

conditional observed
linear programming

bootstrap samples

administrative sources

turnover worker

subject matter

distribution missing

posterior distribution

regression coefficients

series series

neural networks

taking account

results obtained

conditional probabilities

units selected

missing rates

household typology

process steps

means production

score function
quality indicators

base cell
time series

response rate
subject matter

collection process

line line

rolling estimates

return rate

business register

estimates produced

response rates

sample design

Statistics Zealand

automated detection

total expenses

private sector

active collection

total revenue

paper questionnaires

total turnover

relative bias
trade services

international trade

retail trade

business frame

email reminders

period period
Annual Services

enterprise survey

score functions

target coverage

survey administrative

respondent burden

service code

main turnover

growth rate

business survey

annual survey

sample size

sampled units

absolute relative
post collection

start date

outlier detectionunified enterprise

response burden

survey programs

using selective

longitudinal business

microediting rules

measure impact
local scores

conditional mean

autoediting system

sample unit

principal components

Services Unit

cold deck

telephone followup

followup activities

failure rate

manual interventions

adjusted turnover

nonresponse followup

linked datasets

gross earnings

percentage growth

survey collects

return rates

unweighted return

warnings change

total assets

annual business

survey process

collection processing

priority units

weighted revenue

units priority

improve quality

quality estimates

unit record

sample units

electronic questionnaires

electronic card

business database

current microediting

potential impact

service codes

phone followup

suspicious turnover

cyclical growth

change warnings

balance sheet

nearest neighbour

monthly basis

sampling units

impact quality

survey portion

quality indicators
range checks

survey managers

subject matter

production process
validation rules

validation process

identity checks

process metadata

production processes

time series level validation

survey process

standard indicators

standard quality

bounds depending

outlier detection

checks bounds

fixed bounds

information system

depending fields

Statistics Finland

checks fixed

labour force

survey manager

sidi system

potentially imputable

checks range

rank rank

seasonal adjustment

specific survey

provide information

detailed planning

bounds range

euredit project

force survey

cleaning process

banff procedures

wholesale trade

building blocks

quality documentation

checks complex

improve quality

national institutes

quality information

building block

survey processes

della rocca

product quality

National Statistical

electronic questionnaires

structural business

process quality

production system

taking account

analysis corrections

relative corrections

life cycle

business survey

matter statisticians

external users information available

relevant information

checks simple

evaluating quality

deterministic corrections

quality process

collection processing

Statistical Committee

blank unmodified

survey survey

recommended practices

reporting unit

simple range

complex range

national institute

respondent burden

quality quality

Data Editingadministrative sources

information quality

improvement project

crosssectional business

arrival phase

fixed phase

base registers

comprehensive systems

process analyse

statistic specific

time consuming

collection process

institutes nsis

oriented approach
system production

survey specific

time effort

quality control

quality criteria

metadata quality

list standard

information model
validation rules

business process

production process

production systems

subject matter

generalized systems
process model

validation process

production processes

macro programs

business architecture

information objects

Member States

continuous improvement

compilation unit
standard tools

survey process

outlier detection

quality indicators

objectives principles

standards guidelines

processing platforms

enterprise architecture

level metadata

metadata information

source code
generic business

team leaders

banff procedures

essnet validat

unit level
banff canceis

process flows

process flow

process quality

quality outputs

business processes

Visual Studio

banff system

methodological tools

production staff

Working Group

endtoend business

australian bureau

audit trail

overseas trade

processing system

eden project

common validation

implementation phase

international trade trade services

development team

processing staff

cspa services

validat integration

time series

administrative sources

output quality
unit record

principles strategy

Studio bits

corporate business

research development

quality measures

toplevel management

business survey

microeconomic platform

income expenditure

production system

localization service

target language

const select

application architecture

banff processor

organization model

States Eurostat

process analyse

overall quality

processes systems

official system

national offices

programming languagebits Visual

bits ICPC

ICPC bits

response rates

methodological standard

poss platform

developed sweden

using selective

implementation selective

Specification Layer

validation services

unit score

housing companies

metadata driven

production architecture

service platform

index index
time time

score functions

score function

time series

structural business

response rate
global score

outlier detection

subject matter

local scores
potential impact

unit score

bias ratio

business survey

local units

sampling design

quality indicators

foreign trade

standard deviation

unit price

kokic bell

failure rate

plausibility indicator

publication cells

retail trade

production process

records edited
current month

previous survey

price relatives

manual review

size class

selective process

previous period

publication cell

total turnover

local score

item nonresponse

edited automatically

auxiliary information

conditional bias

automatically edited

short term

administrative sources

census bureau

sample size

total estimate

item response

survey process

total change

fellegi holt

validation functions

information available

final estimates

national accounts

process indicators

records corrected

absolute pseudobias

validation rules

latouche berthelot

macroediting tool

manually edited

module slice

hard soft

seasonal adjustment

principal components

mean squared

total variance

optimal solutions

regression model

previous month

business register

annual business

growth rate

collection process

plausibility indicators

hidiroglou berthelot

social security

total nonresponse

survey operators

taking account

processing system

nearest neighbour

edited manually

derived derived

relative bias

growth rates

partial rindicators

model based

partial plausibility

figure example
economic census

computing times

edited records

adaptvalues module

price ratios

production construction

automated comparison

takes account

 
 
Figure 4:  These are bigram (word pair) clouds for each cluster found by applying Bayes 
clustering to the binary encoded documents. Starting from left to right and top to bottom, the 
cluster sizes are: 28, 31, 29, 41, 87, 37, 47, 32, and 95. 
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Figure 5: There is one histogram for each workshop. The horizontal axis of each histogram 
corresponds to the global cluster number. The vertical axis is the number of papers in that 
group for the given workshop. Some things to note are the similarity of the distributions or 
histograms over the workshops, and we see that each workshop contains papers in almost all 
clusters. This indicates some dependence in the topics addressed by the papers.  
 
We can see a couple of interesting things in these histograms. First, the distribution of clusters 
is similar across the workshops. Second, for the most part, all nine clusters (or topics) are 
addressed in each of the workshops. This is an indication of local dependence, which is 
something we might expect for this application.  
 

5. Discussion 
 
Our goal in this analysis was to work toward a taxonomy of data editing and imputation 
methods addressed in UNECE working sessions. We used clustering to group documents 
from past workshops employing two document encoding schemes and two types of cluster 
approaches, both of which will estimate the number of groups in the data. When clustering 
data, one should always try different approaches and examine the results to make sure we are 
not discovery spurious structure and information. By looking at the word clouds for each 
cluster (Figures 3 and 4), we can see that there does appear to be some useful, informative and 
coherent clusters. There seems to be very little overlap in terms of the methods and concepts 
describing the clusters. 
 
Several aspects of our preliminary results are worthy to note. First, we obtained a sensible 
number of clusters regardless of the method used, which makes sense given the source of the 
documents. Furthermore, the sizes of the clusters were reasonable. In our previous work 
clustering interviewer notes [13], we tended to have one or two large clusters with many 
smaller clusters, and some groups had the same themes or content. This was not the case here.  
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It is also interesting to compare the results from the two clustering approaches. The estimated 
number of groups was similar – 6 and 9, and we had comparable cluster themes or topics. The 
Bayes clustering method appeared to further divide clusters into sub-topics. For example, the 
questionnaire cluster found using MBC was subdivided into electronic and paper 
questionnaires with Bayes clustering. 
 
We are presenting these results at the 2018 UNECE Data Editing Workshop to obtain 
feedback on the cluster structure we found and some guidance on our next steps. Some 
options that come to mind follow. 

• We clustered the papers from each workshop separately, and we can explore the 
clusters as we did before. It would be interesting to see if topics changed over the 
years. 

• The organizers of the workshops group papers into pre-defined categories. We could 
match the groups obtained through clustering with these categories. It might provide 
some insights. 

• We could employ other types of exploratory data analysis schemes, such as different 
encodings and term weights, stemming, dimensionality reduction, and clustering 
approaches to see what structure we can uncover. 

 
Finally, we could use the results presented in this paper as a starting point and start creating 
the taxonomy and summary of methods presented in the UNECE Data Editing Workshops. 
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