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Abstract

This article is a meta study which describes the use and theory of Random Digit
Dialing (RDD) in Sweden with special emphasis on the choice of respondents.

1 Introduction

There has been a long history of telephone surveys in Sweden. The Public Switched Telephone Network
(PSTN) covered almost 99 percent of the Swedish population during the 1980s (Groves et. al. 1988).
There have also been very good registers available through the state provider of telecommunication
solutions, Televerket1. This has come to change however. Sweden is now one of the leading countries
in terms of using cell phones instead of landlines2. Among people living in households consisting of
members aged below 26, as many as one third have no longer any connection to the landline network
(Thörn 2006).
However, due to integrity aspects of the respondents (among other things), the leading companies in
the field of survey statistics in Sweden (Synovate Sweden3 and Sifo Research International4) still limit
their surveys to the landline networks. This report will therefore focus on such surveys.
Section 2 is a brief description of the construction of a Swedish telephone number. Section 3 will focus
on some different ways to choose such a number to call. Section 4 describes the choice of a respondent
within a given household. Section 5 gives some information about post stratification and section 6 gives
some thoughts about the future.

2 Sample Frame

2.1 The Construction of a Swedish Telephone Number

In this section we describe the different components of a Swedish telephone number. The system follows
the international public telecommunication numbering plan E.164. According to this plan, a telephone
number that can be internationally reached, consists of maximum 16 digits.5

Here is an example of a Swedish telephone number written in full international format:

+46 3 1 713 7938

1Televerket is now a private company named TeliaSonera. It is the leading provider of telecommu-
nication solutions in the Nordic and Baltic region.

2Telephone by landline will herein include telephones using PSTN, ISDN (Integrated Services Digital
Network), xDSL (where the ”x” refers to a number of different techniques and where DSL stands for
Digital Subscriber Line) and cable TV-network.

3Synovate Sweden was founded in 2006 by merging Temo and LUI Marknadspartner. RDD is
performed by a subsidiary called Fieldwork International.

4Sifo is an old acronym for ”Svenska Institutet för Opinionsundersökningar”. The name was later
used as a brand name for Research International in Sweden. Research International and TNS-Gallup
merged to TNS in February 2009.

5The exceptions are, for instance, the alarm number 112 that can not be reached outside the specific
country.



where + marks the international call prefix (00 is used by most countries and is also recommended
by the International Telecommunication Union (ITU). 46 is the country code for Sweden. 3 leads
to a geographically bound area of Sweden consisting of the provinces of Halland (except the city of
Laholm), Southern Bohuslän, Western Västra Götaland, and Western Småland. 1 goes to Gothenburg,
the major city within this area. 713 is a local serial number connected to a specific node used by the
telephone operator (the geographical connection is however not that strong anymore). The length of
this number can very between one and four digits. 7938 is at last the individual number specifying
the end user. The length of this number is always four digits.
Calling a Swedish telephone number inside Sweden is done by replacing the international code prefix
and the country code by ”0”. The example number is called by:

0 3 1 713 79386

Hence, the total length of a Swedish telephone number can vary. This is important since most literature
in the field describe Random Digit Dialing (RDD) in USA where telephone numbers have a fixed length
of ten digits.

2.2 Telephone Directories

There have always been good registers available in Sweden, connecting individuals to telephone num-
bers. In the USA as a counterpart, there are approximately 5 000 different registers that have to be
taken under consideration when performing a telephone survey. Televerket was for a long time the
main provider of such registers in Sweden. This register is now owned by a private company, Telead-
ress AB, which is in turn owned byowned by the daily evening paper Aftonbladet. PAR is an acronym
for ”Postens Adressregister” and was originally founded by the Swedish state messaging and logistics
operator Posten. PAR is now a part of Bisnode, owned by Ratos and Bonniers.7 Synovate Sweden uses
a list of telephone numbers from PAR. Sifo buys lists from Teleadress.
These registers are good but not perfect. Approximately 6.77 percent of the Swedish landline numbers
were not listed in 1997 (Forsman and Danielsson 1997).
Telephone numbers used for bigger companies and organisations are clustered in seperate number series.
Private numbers, numbers not in use, secret numbers and numbers used by smaller companies are
mixed in the remaining number series. The distribution among these number types is not clear. Some
operators give subscribers number randomly, some operators follow different patterns. It is also possible
for a subscriber to switch operator while keeping the old telephone number (number portability). This
distribution was however investigated by Forsman and Danielsson (1997). They concluded (using 20 000
numbers from the Swedish city Linköping and Wald-Wolfowitz runs test) that the number types had a
discrete uniform distribution within the number series used for private subscribers.

3 Randon Digit Dialing

3.1 Theoretical Suggestions

Several methods for the choice of respondents have been suggested. We describe some of them here.
See for example Groves et.al. (1988) and Lepkowski et.al. (2008) for additional suggestions and details.

At random from register. The quality then depends on the updating frequency in the register.8

The inclusion probability for subscribers with a secret or unlisted number equals zero.

Totally at random. This would lead to a large amount of misdirected calls. An alternative is to use
lists of active number series (List Assisted Random Digit Dialing, LA-RDD). In 2006, 78 percent
of the Swedish telephone numbers were however assigned to private subscribers (Thörn 2006).

6This is usually written as 031-71 37 938.
7Bonnier is also the owner of Aftonbladets biggest competitor Expressen.
8The register might be regularly updated by the register company but the survey company often

buys extract every third month or so. In the summer of 2006 a Swedish survey institute also discovered
that the register they bought had a lack of the 500 000 latest registered subscribers. This might lead
to severe bias. (Forsman 2007)



In addition to that, all numbers in the active series are not in use. In USA for example only 12
percent of the numbers in the active series are actually in use (Lepkowski et.el. 2008, p. 6).

Sudman’s Method. Choose m telephone numbers by the ”at random from register”-method de-
scribed above. Remove the last logN digits from each number. The resulting k (k ≤ m)
numbers can now be used for generating kn new numbers by appending [xij ] ∼ Unif(0, N) to
number i = 1, 2, . . . , k where j = 1, 2, . . . , n.

A version of this method is used by Synovate Sweden (N = 10) and was used also by TNS-Gallup
(N = 100) before 2003.

Mitofsky–Waksberg’s Method (MW). This was the most well used method in the USA in the
1980s. Unlike in Sweden, there was a huge number of number series registered as active but
with no active subscriber numbers within it.9 Several modifications have been suggested (see
f.eg. Potthoff’s Method below). The purpose of the method is to first investigate if the number
series are active and if so, choose respondents within them. Series in the USA, with at least one
active subscriber tend to be active to at least 60 percent (Casady and Lepkowski 1999).

Here we describe a modification of the MW method which takes advantage of the Swedish
telecom system. Choose m active number series at random, available from the Swedish Post and
Telecom Agency (PTS). These series might have different lengths (100, 1 000 or 10 000 numbers
in each). Denote the number in the smallest series by N . Limit the longer series by adding digits
in the end randomly. Choose one full number from each of the m series at random. Investigate
(by register or by calling) if these numbers leads to a private subscriber or not. We now limit our
sampling frame to the mp number series with positive results from this test. We finally choose k
numbers from each of these series to call. It has been suggested in the USA to choose mk ≥ xn
where n is the number of respondents we wish to have and where x varies between 6 (Bourque
and Fiedler 2003) and 40 depending on which source to rely on. In Sweden it might be enough
with x = 2.19. This number relies however on estimates from Synovate Sweden which do not
use the MW method.

Potthoff’s Method. This is a generalization of the MW method. We investigate c numbers from
each originally selected m series (or ”cluster” to use Potthoff’s own terminology). Let ci denote
the number of active subscribers among the c in each number series 1 = 1, 2, . . . ,m. Discard the
series where ci = 0. If ci ≥ 2 then choose ck more numbers at random from this series to use.
If ci = 1 then choose k(c − 1) numbers at random and then call as many numbers you need in
order to find k additional subscribers within the series.

Plus Digit Sampling. Choose n numbers at random from a register. Add to each number a digit
or number x. x = 1 is a common choice but the inclusion probability will then equal zero for
approximately 15.5 percent of the Swedish subscribers (Forsman and Danielsson 1997). It is
possible in Sweden to add numbers up 20 and still have a resulting subscribing number in 94
cases out of 100 (ibid.). An alternative is of course to assign x values at random.

All the new numbers are used for calling while the original ones are discarded.

3.2 Methods Used in Sweden

All methods described above were originally developed to suite the needs in the USA. The methods used
in Sweden rely, to some extent, on these methods but are often modified in order to use the Swedish
registers and the Swedish implementation of the international public telecommunication numbering
plan E.164.
We will describe three methods used by the biggest companies in the Swedish telephone survey sector.
Each company might also use other methods but here we concentrate on the so called omnibus surveys.

3.2.1 TNS–Gallup

TNS–Gallup used RDD until 2003. They regularly bought geographically stratified numbers from
Teleadress. The stratification was done with respect to the 70 Swedish A-regions. Sudman’s method

9This is not possible in Sweden. The Swedish Post and Telecom Agency (PTS) only sells number
series to the operator if their intention is to activate them in the nearest future.



(with N = 100) were then used to construct the numbers to call. Computer Assisted Telephone
Interviewing (CATI) was used. If there was no answer on the call, a new time for calling back was
assigned randomly. Each number was called up to 32 times.
The company changed their method in 2003. They now use the Swedish population registry, SPAR
(Statliga Personadressregistret) for choice of respondents.10 If possible, each person is then connected
to his or her telephone number by using an additional register. If no number is available, a postal
questionnaire is instead sent by mail. It is often possible to find telephone numbers for 87 to 90 percent
in the population (Petersson and Holmberg 2006). This method has the big advantage that the survey
includes most Swedish citizens (homeless and institutionalised people excluded), not only those with a
landline telephone.

3.2.2 Synovate Sweden

The actual calling is performed by Fieldwork International (FI). The company is situated in Karlskrona.
The call centre has room for 92 telephone interviewers. RDD is used for omnibus surveys. Too many
questions in one survey might have a negative influence on the response rate. It is therefore possible
to have several smaller surveys at the same time.
FI buys a selection of active telephone numbers every month from PAR. It consist of one third of all
registered landline telephone numbers in Sweden except bigger clusters assigned to organisations.11

At first, 2 500, telephone numbers are randomly selected from the selection frame bought from PAR.
This selection of telephone numbers is used during two subsequent weeks, each week consisting of
workdays Monday to Thursday with working ours 5 to 9 pm. It is a standard to perform 250 interviews
per shift. In order to achieve this, 250 numbers is randomly selected out of the 2 500. Sudman’s
method is applied to each number with N = 10. Assume that 031-71 37 938 was chosen. We then
construct new number series by substituting the last digit, 8, to 0, 1, . . . , 9. Then we have 250 number
series consisting of 10 numbers each. The goal is to perform one (and only one) interview in every one
of these smaller number series during the ongoing shift. Let’s say we choose to call number x in one of
these series. If a private subscriber answers the call, we perform an interview after selecting respondent
within the household using the Troldahl–Carter method (see section 4). No more number is then called
from that series. If the number does not lead to any private subscriber, the number is substituted
within the same number series.12 If the line is busy or if there is no answer within 25 seconds, the
number will be called again later. This event is scheduled to take place ks + y minutes later where ks

is a constant where koccupied ≤ kno answer and where y is chosen by a random variable Y ∼ Unif(0, ys)
where ys is again a constant depending on the reason for the new call. After 10 unfavourable calls to
the same number, a new one is taken as a substitute from the same number series.
If it is not possible to perform any interview in a specific number series during the shift, the series will
be reused for up to ten days.

3.2.3 Sifo Research International

The actual calling is performed by a subsidiary to Research International (”Sifo” is just a brand name).
The company is situated in Ronneby (approximately 30 kilometres from FI in Karlskrona). The call
centre has room for 90 telephone interviewers. RDD is used for omnibus surveys every second week.13

Numbers are bought from Teleadress every month. The amount of numbers is not known to the
author. The selection is said to be performed using ”advanced computer algorithms”. Geographical
stratification due to Sweden’s 70 A-regions is used. 250 numbers out of the bigger selection are randomly
chosen to be used during each shift (Mondays to Thursdays at 5 to 9 pm). Plus digit sampling is then

10SPAR is administrated by Infodata AB, a company owned by Bisnode AB, which is also the owner
of PAR.

11PAR had a register of 4.7 million subscribers in 2007. One third of this equals 1.56 million numbers.
All numbers in the register are ordered in some way. Every third number is taken from this order. The
selection is therefore not totally random.

12The procedure is a little different depending on the actual number status (not in use, company
subscriber, fax machine, computer modem etc).

13There are some obvious similarities between the procedures used by Sifo and FI. The Sifo call
centre was organised in 1990. The same organiser was later also involved in the building of FI.



performed on each number by adding digits from 0 to 9. Suppose the initially chosen number was 031-
71 37 938. We will out of this number construct a number series containing the numbers 031-71 37 9x
where x ∈ {38, 39, . . . , 47}. Then we have 250 number series consisting of 10 numbers each. The goal is
to perform one (and only one) interview in every one of these smaller number series during the ongoing
shift.
Let’s say we choose to call number k in one of these series. If a private subscriber answers the call,
we perform an interview after selecting respondent within the household using the Troldahl–Carter
method (see section 4). No more number is then called from that series. If the number does not lead to
any private subscriber, the number is substituted with a new number from the same number series.14

If the line is busy or if there is no answer within 6 signals, the number will be called again later. This
event is scheduled to take place 30 minutes later. This is repeated during the evening. If there is still
no answer, the number will be reused in the upcoming omnibus survey (two weeks and one day later)15.
Substitution is made within the number series if it is not possible to recruit any respondent within a
answering household.
The consequence of the substitution at Sifo has been rigorously investigated in a series of articles and
papers by Gösta Forsman et.al (f.eg. 1992, 1997 and 2002). We will here only mention that households
with fever members tend to be under represented in favour of bigger households.

4 Selection of Respondent Within Households

The proportion of single person households in Sweden is among the highest in the world. In 2005, 46.5
percent of all households consisted on only one person. The following section will however account for
the remaining 53.7 percent where the respondent has to be chosen among the household members. It
is a widely accepted fact that senior citizens are over represented in favour of younger people. It is also
more common that the person answering the call is a female.16

Kish Tables (K). The method was suggested by Kish 1949 (see Kish 1965 for a rewritten version). It
uses 12 tables in 8 different versions. The interviewer makes a list of all members in the household
including their gender and age (this is done by asking questions to the person answering the
call). Then the interviewer uses one of the tables to choose the respondent. Assume we have 4
adults in the household and we use for the moment table C. Hence adult number 2 (from the
prepared list) is chosen as the respondent.

C Number of adults in household: 1 2 3 4 5 6+
Choose adult number: 1 1 2 2 3 3

Sifo used a modified version of K at least until 1993. They did however not ask for the members
age and gender. They later changed to use the Troldahl–Carter method.

The intention of the method is to find a good stratification with the emphasis on age. Note
however that most non-single households in Sweden consist of two persons (53.2 percent in
1992). A very strong positive age correlation has been found in these households (as well as
a very strong negative gender correlation). The choice of a household is therefore much more
important than the choice of respondent within the households (to obtain a good mix with
respect to age).

The Troldahl–Carter Method (TC). 17 The method was suggested by Troldahl and Carter (1964)
as a modification of the Kish method.18 The purpose was to find a faster method with the same
inclusion probabilities. A meta study investigating the use of different methods was done in
1993. Among 18 survey companies in Sweden, Denmark, Germany, France, USA, England and

14The procedure is a little different depending on the actual number status (not in use, company
subscriber, fax machine, computer modem etc).

15If the number was originally called on Monday, it will be called again the next survey on Tuesday.
This is repeated four times.

16This result can be found in reports from Sweden, Austria, UK, USA, Canada and Australia.
17The method is sometimes called Troldahl–Carter–Bryant’s Method.
18Note however that the Kish method was then slightly modified the year after, in 1965.



the Netherlands, none used the TC method (Forsman 1993). Synovate for example used the
birthday method at least until April 2006 (Petersson and Holmberg 2006). In 2007 both Sifo
and Synovate Sweden did however use this method.

The telephone interviewer asks two questions: 1) How many adults live in your household? 2)
How many of these are male/female?19

A table is used for the choice of respondent. Suppose f.eg. that the household has three members
and two of these are male, then the oldest male is selected as a respondent.

Hagan–Colliers Method (HC). This is a simplification of the TC method (and therefore a simpli-
fication also of the K method). The interviewer directly asks for the ”youngest female” or the
”oldest male” etc according to a predefined plan. The purpose is to increase the speed of the
selection. However the person answering the phone might be confused if such a person does not
exist in the household. The method has not been used in Sweden to any known extent.

The Birthday Method (B). This is the simplest method. The interviewer asks for the member
of the household that most recently had its birthday. It requires no further knowledge of the
household. The method was widely used in the USA during the 1970s and 1980s. It does however
have some disadvantages. The person answering the phone is more likely to be a woman than a
man (this is a widely accepted fact referred to in many articles). The person answering might
also be curious by the question and therefore reply that he or she is the one with the most recent
birthday (hoping for a present). This might lead to over representation of females to males.
The Swedish statistics for birthdays also shows that a survey performed during spring tends to
include younger people than one performed during the fall (Forsman 1993).

4.1 Comparison Between Methods

The choice of a method might not be obvious. At least three components must be taken into consider-
ation. 1) Time: How time consuming is the method? 2) Non-response rates: Some questions needed
for the respondent choice might lead to a higher amount of drop outs. 3) Representative sample: Is
the distribution regarding age, gender etc the same in the sample as in the population?
This has been investigated by Forsman (1993) together with Sifo. The K method was, as expected, the
slowest. The TC method was however faster than both B and K (HC was not used for comparison).
There were no significant differences regarding drop outs but the TC method is slightly better than
its competitors (3.6 % compared to 4.3 % and 4.4 % for B and K respectively). Significant differences
have been found in the USA. The K method gives the best proportions between males and females but
TC is also quite close. The B method leads to over representation of females.

4.2 Substitution Within Households

Substitution within a given household has not been described much in the literature. It is however
used by many survey companies.

Synovate Sweden. FI does not use any substitution within households. If the selected respondent is
not at home at the moment, the interviewer calls back later.

Sifo. Only one answered call per household is made. If the first selected respondent is not at home,
the youngest male is chosen instead. This is, of course, due to the fact that younger males is
the most under represented group in age and gender. The third choice is to choose the oldest
woman. The last choice is to choose the person answering the call as the respondent. Note
that the high number of single and two person households in Sweden makes this choice the most
common. Substitution was used in 15 to 20 percent of all households in 1993 (ibid.). 80 percent
of all substitutions were made in households consisting of two persons. The method led to under
representation of male to female, clerks to labour workers, private employers to public employers
and older to younger people. All differences were proven by a significance level of α = 0.05.

19It is most common to ask for males in USA but both Sifo and Synovate Sweden ask for females.



5 Post Stratification and Weighting

Suppose we are interested in some variable Y . We have conducted n telephone interviews and have
recorded values S = {y1, y2, . . . , yn}. Suppose we can post stratify this sample into different subgroups

Si:s with i = 1, 2, . . . , k and where S =
⋃k

i=1
Si and ∅ = Si1

⋂
Si2 for any i1, i2 = 1, 2, . . . , k. Sup-

pose, for example, that Si1 is the group of working men 15-17 years old. It is now very likely that
#(Si1)/#(S) ≤ #(Pi1)/#(P ) where P is the total population and Pi1 is the subset of people described
by the characteristics in Si1 in the whole population. This leads to under representation for strata
Si1 and over representation for example for Si2 , the group of non working women aged 65-74 years
old. This can be fixed by multiplying the estimators ȳsi = 1

ni

∑ni

j=1
yij , where ni = #(Si) and where

Si = {yij}ni
j=1, by weights wi:s before estimating the total value of ȳ =

∑k

i=1
wiȳs1 .

5.1 Individual Weights

One possibility is to stratify even further and to choose individual weights for every respondent. This
has been suggested for the MW method (section 3.1). Then ȳsi =

∑ni

j=1
wijyij . This weighting can

take the following aspects into account: 1) The size of the strata compared to the sample and the
population in total. 2) The number of telephone landlines, Tij connected to the household, often
truncated as min(2, Tij). 3) Some geographic information connected to socioeconomic groups etc. 4)
The number of members in the respondent’s household.
Individual weights are not used in Sweden to any known extent. There is often no information available
on Tij . Synovate Sweden for example never asks if the household has more than one landline. If the
same household is called twice, it is up to the household to report the mistake.

5.2 Methods Used in Sweden

The stratum, Si:s, are constructed as follows:

Sifo. Sifo uses the same weights in all omnibus surveys. The stratum must therefore be very general
to apply to all different kinds of questions. They use nine different age groups (15-17, 18-20,
21-23, 24-29, 30-39, 40-49, 50-64, 65-74 and 74-), gender (male/female) and working/not working
(where non working includes students, unemployed and senior citizens). This implies a total of
36 different stratum. With 1 000 respondents and 36 stratum there is, in general, 28 respondents
in each strata. It is, however, recommended not to have fewer than 20 persons in each strata.
Therefore merging should be quite common.

Synovate Sweden. FI has a similar method but instead uses gender, age and education level.

The weights, wi:s are constructed in such a way that the proportions among the Si:s to S (using
weights) will be the same as the proportions among the Pi:s to P .

6 The Future

The telecommunication industry is under constant development. A reasonable development is that the
number of landlines will continue to decrease in favour of cell phones. The use of Voice over Internet
Protocol (VoIP) such as Skype etc will probably also increase in the future. There have been discussions
among the Swedish survey institute to start calling cell phones. This method is already used together
with non random respondent selection using telephones.
It is also quite common to use Internet surveys instead of telephones but the recruitment to the Internet
panels is sometimes made by first calling the possible respondent, whereby the selection procedure is
still the same. This is done, for example, by Sifo. The total number of telephone surveys has decreased

in Sweden during the 21st century in favour of Internet surveys.
Note that there was a big conference held in Miami 2006, ”Second International Conference on Tele-
phone Survey Methodology (TSM II)”. The first conference was held 15 years earlier. The development
since then has been tremendous. The conference book (Lepkowski et.al. 2008) is highly recommended!
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Groves, Biemar, Lyberg, Massey, Nicholls and Waksberg. (1988.) Telephone Survey Methodol-
ogy. Wiley series in probability and mathematical statistics, New York. ISBN 0-471-62218-4.

Lepkowski, J M, Tucker, C, Brick, J M, Leeuw, E, Japec, L, Paul, J L, Link, M W and Sangster,
R L. (2008). Advances in telephone survey methodology, Wiley-Interscience. ISBN 0471745316,
9780471745310.

Kish, L. (1965). Survey Sampling. John Wiley, New York.

Petersson, O and Holmberg S. (2006). Svenska partibarometrar: En dokumentation, Technical
Report, Studieförbundet Näringsliv och samhälle. Rapport till SNS demokratir̊ad.

Thörn, L (2006) Televerksamhet 2005, SIKA Statistik Tele 2006:18, Statens Institut fr Kom-
munikationsanalys. ISBN 91-89586-63-8, ISSN 1404-854X. ISSN 1650-3465.


