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Abstract Neyman’s algorithm for the allocation of sample units in business 

sampling can result unsatisfactory in domain analysis with imperfect frames 

and sectorial and/or regional data. Improved estimates can be obtained using 

stratified estimators combined with an optimal unit allocation. We achieve this 

outcome by an interdisciplinary approach which leads to a methodological 

improvement. Starting from Martini’s approach which considers an empirical 

view of the statistical analysis, we propose the Robust Optimal Allocation with 

Uniform Stratum Threshold (ROAUST) class of stratified estimators and prove 

their reliability by using a simulation approach inspired by Magagnoli’s work 

on this issue. In particular, contrary to Neyman’s stratified estimator with 

optimal allocation and stratum threshold, our class guarantees better domain 

representativeness.  
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1 Introduction and Aims 

Among several aspects that are part of the sampling design process, this paper will refer 

to planned domains and focus on facets related to strata allocation and tools for 

validating their efficiency in business surveys. The need of stratum representativeness 

from one side and the optimum allocation principle from the other are often in conflict 

because of the strata definition (based on administrative settings and economic 

classification). These facts make impossible to subdivide a population into 

homogeneous strata so as to optimize a survey plan (e.g. by maximizing the precision 

of estimates and reducing the problem of empty strata which mainly affects the largest 

firms). This paper presents and discusses a joint research motivated by two different 

survey experiences which shared similar empirical bounds, and proposes the validation 

of a possible solution for the above issues. 

The ISAE (Institute for Studies and Economic Analysis) is the Italian referent of 

the Joint Harmonised Business and Consumer Survey (BCS) program of the European 

Commission [10, 11]. Over the years, ISAE has been developing, for the manufacturing 

sector, a stratified sampling (by sectors, and later on by regions, and size), firstly built 

in 1995 according to the Neyman’s allocation technique [9, 18]. However, the 

allocation of units to strata, together with some operative constraints, implied some 

empirical adjustments that could hardly rely on strong theoretical support. Among these 

bounds, a growing importance has to be attributed to the need of detailed sectorial 

(domain) information, that is to the strata representativeness which is not often 

guaranteed. 

ESeC (Economic Statistics e-Center) experienced similar difficulties in Information 

Technology (IT) sector sampling and had previously proposed a class of allocation 

techniques (ROAUST – [1, 2]) for dealing with the problems arising from the 

Neyman’s allocation method. Simulation as a validation tool and a methodological 

approach suggested by Magagnoli were used [3]. 

This common interest led the authors to form a research group and to apply their 

competences to the revision of the ISAE Manufacturing Tendency Survey sample based 

on the new Nace (Statistical Classification of Economic Activities in the European 

Community) Rev.2 sectorial classification. The first findings of this research group has 

been already presented in a conference in Poland [5]: several allocation methods were 

compared and their efficiency evaluated by means of a unique simulation experiment. 

The reminder of this paper is organised as follows. In Section 2, two case studies 

are presented as examples of imperfect frames, namely the Assinform (Italian 

Association of Information and Communication Technology Companies) IT sector 

survey and the ISAE Manufacturing Tendency survey; in Section 3 different 

approaches and methods are introduced and the simulation technique is described; in 

Section 4 the main findings are discussed; Section 5 concludes the paper. 

2 Imperfect Frames and Cluster Heterogeneity 

A problem of great interest in sampling theory is that of imperfect frames. In practice, it 

is difficult to find out archives (frames) with no errors such as the presence of 
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incomplete or not updated information. In business surveys this problem is even more 

cogent. For estimation purposes, Rao [21] classifies frame problems in under-coverage, 

over-coverage and multiplicity. Under-coverage problems arise when some of the 

population units are not included in the population list for some reason. Over-coverage 

problems arise when some units not part of the target population are mistakenly 

included in the sample. Multiplicity problems arise when a target unit is included k 

times in the frame. A second problem relates to the between-strata heterogeneity (in 

terms of population size), as the strata come from pre-defined administrative designs 

and classifications of economic activities. A further problem is related to the within-

strata variability (in terms of business size, usually measured in terms of workforce or 

turnover), linked to the presence of industrial polarization. 

In the ISAE survey, only the heterogeneity issue in terms of population size and 

stratum variance arises, as the survey list is based on the Archive of Italian Active 

Firms (ASIA), whereas in the Assinform survey also the problem of imperfect frames is 

present as its list is based on the Chamber of Commerce data base. 

 

The IT Sector 

 

The economic analysis of the IT sector requires the detailed description of the survey 

perimeter in terms of classification of economic activities. To this purpose it is possible 

to use standard classifications adopted by national and international offices of statistics 

(e.g. the NACE classification). The analysis of the IT sector was performed on the 

results from the Assinform survey for the Italian IT sector [1]. The complete list of IT 

enterprises as of 31/12/2007 was provided by the Chamber of Commerce of Milan. The 

survey perimeter is given by 44,700 enterprises which form the list of the Computer software 

and related services class. The sampling plan is stratified by regions (and some smaller 

areas) and by enterprises legal forms. Possible non-sampling errors are (i) the presence 

of a relevant time gap between the survey and the use of the sampled data, (ii) a 

possible presence of missing data, (iii) the presence of wrong data in the storage 

process, and (iv) a wide range of professional skills claimed by the respondents. As for 

the survey, some of its main information features are summarized in the following: number 

of strata: 48; overall sample size: 996; data collection mode: telephone calls with the 

CAWI (about 73%) and CATI systems; questionnaire: semi-structured. For inferential 

purposes, weights proportional to strata as they are in the list of the Chamber of 

Commerce were used. Sample data were finally brought back to the universe. By applying 

the different allocation methods, heterogeneity among strata is manifest in terms of 

sizes and variability (see Table 1). For example, Milano and its province have the 

highest frequency of legal forms (14% in terms of total number of enterprises). On the 

other hand, this percentage for the Valle d’Aosta region is only 0.2%. Hence, if the 

Uniform Allocation (UA) is not representative for those strata with a high number of 

cases, then paradoxically also the Proportional Allocation (PA) is not representative, 

since the reduced sample size for some strata implies non-significant results (see, for 

example, the Valle d’Aosta and Molise regions). The Optimal Allocation (OA) is not at 

all representative (for some sample cells) due to the presence of some outliers (see, for 

example, the Sicilia region). The Robust Optimal Allocation (ROA) is useful both when 

the stratification is undertaken ex-ante (e.g. avoiding strata with no information) and when 

using a proxy variable for the stratum variability quantification in order to improve the 

precision of the estimates. In enterprise surveys on the IT sector the number of employees 

is useless since, although it can be retrieved from the Official National Register of 
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Enterprises, missing and wrong data are always present on a very huge scale. This is due to 

the fact that in Italy it is not compulsory to register this type of data into the official 

register of enterprises. However, if the distribution is α-Winsorized with regards to the 

size of the company, then this number can be regarded as a proxy variable for the 

estimation of the stratum variance. However, also the ROA does not ascertain a satisfactory 

representativeness, even if the allocation process is improved since the estimates of the 

stratum variability are better [23]. 

 
Table 1: Allocations of sample units 

Regions 
Population Sample allocation units (%) 

CVnorm (%) (#) UA PA OA ROA 

Valle d'Aosta 87% 106 4,2% 0,2% 0,8% 0,2% 

Milano 17% 6280 4,2% 14,0% 21,7% 44,6% 

Molise 20% 134 4,2% 0,3% 0,0% 0,1% 

Sicilia 89% 1718 4,2% 3,8% 52,7% 3,3% 

… … … … … … … 
Source: [2].  
 

The ISAE Business Tendency Survey 

 

Although conceived in the sixties of the last century mainly as purposive panel among 

managers (“expert witnesses”), ISAE has been developing its Business Tendency (BT) 

Survey sample over the years in order to better match the methodological developments 

of sampling theory [20, 22 and 17]. The recent availability of the business frame ASIA 

provided by the Italian National Institute of Statistics (ISTAT), classified according to 

the Nace Rev.2 classification, let ISAE face up to the necessity of updating the sample 

design and consequently to revise the strata definition. In selecting the frame for the 

survey, a lower cut off is considered by excluding firms with less than 10 employees. 

Therefore the selected frame comprises details for just over 85 thousand of enterprises 

(about 20% of the total), accounting for about 90% of economic activity of the Italian 

manufacturing industry (i.e. in terms of firms turnover). The revised BT sample 

maintains the stratified design and the strata are as usually defined according to three 

variables: firm size (in terms of employees), economic classification and geographical 

areas. The classes, according to Eurostat definition, refers to 3 types of enterprises: 

small enterprises (10-49 employees), medium-sized enterprises (50-249 employees) and 

large enterprises (with at least 250 persons employed). The 19 economic sectors mainly 

reflect the Nace Rev.2 two digits classification with some few further grouping. The 

geographical detail refers to Nuts-1 (Nomenclature of Territorial Units for Statistics) 

classification that allows for reducing the number of the strata as compared to the Nuts-

2 classification that was the usual classification in the past.  

  
Table 2: Enterprises by stratum (Nuts1, firm size, economic sectors), Italy, 2006 (units) 

Source: [5]. Notes: ‘.’ Missing value; ‘-‘ less than 3 units. 19. Manufacture coke and refined 

petroleum products. 24. Manufacture basic metals. 

Nace North-West  North-East  Centre  South – Islands 
10|-|49  50|-|249  250 |- 10|-|49  50|-|249  250 |- 10|-|49  50|-|249  250 |- 10|-|49  50|-|249  250 |- 

19.  32 9 7 16 5 . 19 7 4 78 7 4 

24.  652 208 41 275 119 12 160 35 6 147 34 4 

… … … … … … … … … … … … … 
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This choice allows to nearly completely avoid the occurrence of empty strata in the 

frame and, although the within variance increases, this occurrence has not any 

substantial impact on sample designs with regards to optimality [5]. As already pointed 

out, these choices mainly derive from administrative settings (Table 2), and often do not 

respect the statistical and economic principles of stratum definition [12]. The allocation 

was performed according to the univariate Neyman x-optimal allocation, based on 

workforce variance, separately applied for each Nuts-1 area. A 5% cut off on variances 

has been applied and a requirement of a sampling fraction not higher than 50% was set. 

3 Approaches and Methods 

In this research, we want to combine two approaches: the one of Martini and the one of 

Magagnoli. It is from these two inheritances that the major contributions of this paper 

occur. From empirical observation (Section 2) new intuitions and formal 

representations follow. These first formal representations are verified by adapting the 

simulation approach to the context of sampling from finite populations.  

 

Martini’s Approach 

 

This is an approach which originates from the observation of real phenomena. In 

Martini’s words [19]: Applied Statistics is the privileged place where the dialogue on 

changing reality between who speaks the language of economic and social sciences 

and who speaks the language of rigorous procedures, leading to numerical summaries 

from the reality itself.  

 

Magagnoli’s Approach 

 

In scientific research the empirical evidence is frequently invoked for supporting 

research hypotheses and developed theories. When the availability of real data is scarce 

the empirical evidence is supported by computational algorithms to perform simulation. 

The advantage of this method, through which data are random generated, relies upon (i) 

not wasting time and resources in finding reliable data for empirical validation, (ii) 

infinite (at least in theory) replications can be obtained with no additional costs, (iii) 

different scenarios - from applied to theoretical ones - can be evaluated and finally (iv) 

the robustness of the proposed method can be checked asymptotically.  

This way of working is especially motivated in some particular fields such as 

quality control and system reliability, where the verification systems frequently lead to 

the elimination of product units or is time-consuming and entails unaffordable costs [8, 

13, 14, 15 and 16]. 

The methodology here proposed can be used when the observation of reality 

induces to propose a new theoretical method (in our case the ROAUST method) which 

necessitate some empirical validation. More importantly, in survey sampling from finite 

populations, simulations allow for the checking of (i) the efficiency of estimators (at a 

lower level of costs and resources) even with small sampling fractions, (ii) the 

performance of the unit allocation methods (i.e. in case of stratified sampling) and (iii) 

the efficacy of the auxiliary information introduced in the sample. These are all issues 
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with no trivial solutions and a purposely built simulation is needed. 

 

The Neyman’s Domain Algorithm: the OAUST Class 

 

In the context of the domain analysis the most important result is the (R)OAUST - (Robust) 

Optimum Allocation with Uniform Stratum Threshold [2]. We first define the sample size n, 

apply the Uniform Allocation by sampling n1 units (n1=an, with a∈[0,1]) and then the 

Neyman Allocation for the remaining n2 units, such that n2=n-n1: 

ns=
1n

S
+ 2

1

s s

S

s ss

N
n

N

σ

σ
=

∑
 [1] 

In [1], ns, Ns and σs are respectively the sample size, the number of units, the standard 

deviation in the s-th stratum, s=1,…,S. When a=0 then n2=n (obtaining OA); when a=1 then 

n1=n (obtaining UA). Without loss of generality, with small sampling fractions, a=0.5 

 

Sequential Selection-Allocation Computational Method 

 

In order to empirically evaluate the performance of the various sampling allocation 

methods, simulation techniques are required. However, a computationally feasible 

general simulation method is hard to establish, especially when methods need to be 

compared simultaneously, that is when the sampling experiment has to be performed in 

a unique way, by separating the selection, the allocation and the inferential processes. 

This can be achieved via a Sequential Selection-Allocation (SSA) by constructing a 

new labelled list where population units are re-labelled within each stratum according 

to their selection rank after performing a Sampling WithOut Replacement (SWOR) of 

size equal to the stratum size [3, 6 and 7]. Then this process is replicated n times. From 

this new labelled population, all the allocation algorithms can be performed (Figure 1). 

 
Figure 1: Flow chart of the allocation application 

 
Source: [6]. 
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4 Discussion and Conclusions 

In the last sentence of his paper in the posthumous book in his honour, Marco Martini 

explains the sense of the interdisciplinary approach he proposed: Statistics can not be used in 

reality if statisticians are not at the same time economists and sociologists and, above all, are 

not driven by solving problems from the entities which form the socioeconomic universes in 

their work.  

Sector market surveys often require solutions which are not extensively available in 

literature. In addition to the usual sample bias connected to the sample lists and the 

information retrieved via questionnaires, one has to deal with the estimation of population 
variables which are not normally distributed. 

The ISAE and ESeC proposals come from observing the reality with a substantial 

approach and lead to a methodological development to deal with problems like 

imperfect frames and the heterogeneity of strata. For instance, from the research on IT 

sector a proposal comes: the (R)OAUST class can be considered as a Neyman’s 

Domain Allocation, since it allow an optimal allocation and the stratum 

representativeness. However, the validation of this proposal is given by computational 

and formal statistical solutions. From the first findings of our simulation (see Table 3) 

the (R)OAUST method is more efficient than other methods and at the same time 

provides an overall population |RTE| similar to that of Neyman’s algorithm [5]. 

 
Table 3: Maximum errors among strata (Total, 500 replicates) 

Errors OA OAUST
a
 UA PA 

Max of stratum relative |Biases| 0.0315 0.0141 0.0226 0.1033 

Max of stratum CVs 0.5659 0.1547 0.4038 1.6629 

Max of stratum relative |TEs| 0.5974 0.1622 0.4148 1.6696 

Overall population |RTEs| 0.0064 0.0072 0.0183 0.0562 

Source: [5]. Note: OAUST with a = ~50%. 

 

Innovative solutions can be brought forward by interdisciplinarity and multiple 

competence, especially in facing practical problems and when answers to problems are 

not tout court available in literature. 
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