AAPOR 2011

Pre-Call Validation of RDD Cell Phone Numbers
A Field Experiment

Tanja Kunz, Marek Fuchs
! Institute of Sociology, Darmstadt University of Teology
Residenzschloss, 64283 Darmstadt (Germany)

Abstract

The field experiment (n = 24,999) reported in thiper was designed to decrease
survey costs and the interviewers’ workload by eaieg out technically invalid
numbers and numbers of unknown eligibility prioffigldwork of a telephone survey
in the cell phone frame. In addition, effects ofpall validation on data quality were
examined. Two methods were tested: number validatmd text messaging.
Furthermore, several screening conditions of diffiérstrictness were examined.
Results indicate that both number validation amtl teessaging are effective methods
to increase the percentage of working numbersdrfighd. Contact and interview rates
can also be increased. A reduction of the propoifonumbers of unknown eligibility
due to pre-call validation results in an increageesponse rates. Altogether, high
percentages of screened out numbers achieve coatsieleost savings. However, pre-
call validation of cell phone numbers comes atrik of screening out valid cell
phone numbers which potentially causes biases.

Key Words: cell phone survey, RDD, response rates, survey Etbd® lookup, text
messages

1. Introduction and background

The increase of cell phone penetration rates aadising share of cell phone-onlys
who can exclusively be contacted by cell phone pose challenges to survey
researchers. In Germany, the proportion of houskshaith cell phones has reached
86 percent and the percentage of cell phone-omhauats to 8 percent according to
Eurobarometer data 2011 (European Commission, 2®dgarding other European
countries, the share of households with cell phané€d percent on average, and the
proportion of people who rely solely on cell phomasges from 2 percent in Sweden
up to 75 percent in Finland or even 80 percenthin €zech Republic. The EU-27
average of cell phone-only households is 34 per(featopean Commission, 2011).
The upward tendency concerning the share of celhgtonlys is not restricted to the
EU. In the United States for instance, wirelesssstution in households is about 30
percent at present and further increasing (BlumBekgke, 2011). Since cell phone-
onlys are significantly different with respect toeveral sociodemographic
characteristics from those reachable on a langlhune, their rising share may pose a
problem to telephone surveys. They are typicallynger, predominantly male, less
educated, and less affluent (Blumberg & Luke, 20Giaeske & Kunz, 2009; Hu,
Balluz, Battaglia, & Frankel, 2011; Peytchev, Cwifaxter, & Black, 2010;
Zuwallack, 2009). As long as the percentage ofctlephone-only population in the
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total population is relatively small, the potentialverage bias in landline surveys can
be ignored. However, for certain subgroups wittydarproportions of cell phone-
onlys the potential risk of a coverage bias is werably higher (Blumberg & Luke,
2009; Busse & Fuchs, 2011; Peytchev et al., 20I®erefore, the increasing
percentage and distinctive demographics of celhpkanlys led to the application of
dual-frame samples, i.e., a combination of cell qgh@amples with conventional
landline surveys (Gabler & Ayhan, 2007; Hu et &Q11; Keeter, Christian, &
Dimock, 2010; Kennedy, 2007).

Previous studies on cell phone number usage irphele surveys discussed the
importance of integrating cell phone numbers intbeghone samples, and the
challenges associated (AAPOR, 2008, 2010; Brickydtds, & Lee, 2007; M. Hader
& Hader, 2009; Lavrakas, Shuttles, Steeh, & Fiegb2007; Zuwallack, 2009). By
contrast, little research has been conducted toawepthe efficiency of cell phone
samples and to reduce the high proportion of texttlyiinvalid numbers. Because cell
phone numbers are mostly not listed in Germanyelkas in most western countries,
the usage of some kind of random digit dial proceds the only way of conducting
cell phone surveys. In Germany, a well establisbetipling method is the Gabler-
Hader design (Gabler & Hader, 2009) for creatimguapling frame by generating cell
phone numbers at random. However, despite contgioptimization of the sampling
frame each random sample from this frame still cases high proportions of
nonworking numbers and numbers of unknown elidipi{s. Hader, Hader, Graeske,
Kunz, & Schneiderat, 2009). Dialing technically &hd cell phone numbers results in
additional interviewer time, in decreasing intew#® motivation, and in increasing
survey costs (AAPOR, 2010; Buskirk, Callegaro, &oR&009; Keeter, Dimock,
Kennedy, Best, & Horrigan, 2008). In addition, thigh proportion of numbers of
unknown eligibility mainly due to ambiguous voiceémand operator messages
increases the number of call attempts needed toagatainty about the status of such
cases (AAPOR, 2010; Callegaro et al., 2007). Battois result in an inefficient data
collection and extended fieldwork period, and udtietly increase total survey costs.
Also, if the status of cell phone numbers remainseatain despite the maximum
number of call attempts, this will result in an eiifeble calculation of response rates.
The use of predictive dialers could potentiallyveothe problem of high proportions
of invalid numbers by recognizing automaticallyelipersons, no answers or busy
signals, and voicemail or operator messages. Tealwiinvalid numbers could be
screened out easily without the need for dialingwelver, in the U.S. calling cell
phone numbers via an automated or predictive dialérout prior consent of the
called cell phone subscriber is prohibited by tHeCF(AAPOR, 2010). In several
European countries, the use of predictive dialimgsurrvey research is permitted in
accordance with certain limitations (ADM, 2008; QbKa, 2010), however, the
efficiency of the application for cell phone sangplemains doubtful. In particular,
high proportions of heterogeneous operator messagesl phone samples (AAPOR,
2008; Callegaro et al., 2007; S. Hader et al., p008ke it difficult for automatic
answer detection technologies to reliably distisguiechnically valid and invalid cell
phone numbers.
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The integration of cell phone numbers in telephsammples still involves high costs
and effort what restrain not least some researcfrere conducting cell phone
interviews. Therefore, the present experiment wesigihed to develop and test a
standardized approach which can be used to validattom cell phone numbers prior
to fieldwork. Thereby, cost and time efforts shobdddecreased without affecting data
quality negatively. We explored two options of padl validation of cell phone
numbers: simple number validation and validatiom wdetailed delivery reports
received after sending text messagesll phonenumber validation servicegrovide
verification in real time by performing a Home Ltica Register (HLR) lookup
resulting in a validation code which indicates tth@rent status of a cell phone
number. This provides information on whether a gieell phone number is “active
and currently available”, “invalid” or “not logged for a longer time”. The method is
inexpensive ($0.05 per check) and fast, no medsagéo be sent to the subscriber and
most queries are returned within a few secondsnidtjple checks can be done in a
relatively short time at moderate costs. Howevhis procedure provides only a
shapshot in time and thus, its reliability has ¢odoiestionedText messaging services
can also be applied for pre-call validation by segdulk messages to cell phones.
Though being more expensive ($0.12 per text me¥ssgeding text messages has at
first glance multiple advantages compared to a l&impmber validation. Sending text
messages offers additional information in termslethiled delivery status codes, and
reason codes in case of failed delivery. If delvéailed, the distinction between
“subscriber is unknown” or “subscriber is tempdsariot available” can be used to
decide on whether a number should be fielded arAlsb, it is not only a snapshot in
time because delivery-attempts continue up to 48rdhdoefore a status code is
generated. In addition, sending text messages&asdd both for number verification
and pre-notification of the survey request. In cbamze with certain requirements,
sending bulk text messages is permitted in Eurgdaraas it is exclusively applied for
research purposes (ESOMAR, 2010). Previous studiesidering the effectiveness of
advance text messages in cell phone surveys reporbeed results concerning an
improvement of the respondents’ participation. B@nd colleagues (2007) found no
effect on an increase of response rates by semelkignessages. Steeh, Buskirk, and
Callegaro (2007) showed that using text messagegwdonotification tended to have a
positive effect on several measures of survey gpdiion like cooperation and
response rates. However, these differences wetsstistly not significant. In a
German study, positive effects of pre-notificatimm response rates could be shown
(S. Hader & Schneiderat, 2009). Thus, the effentss of sending text messages in
improving cooperation rate can be a positive sftece

2. Resear ch Questions

The study had two main objectives concerning su@sts and data quality. First,
survey costs and effort should be decreased by snefapre-call validation. Dialing
invalid numbers is extremely time-consuming, ir@éfint, and decreases interviewer
motivation. By screening out technically invalidmibers using an appropriate pre-call
validation method prior to data collection, conteates and interview rates should be
increased. Furthermore, with an increase of thegmtage of working cell phone
numbers in the field, the interviewers’ workload terms of mean number of call
attempts and mean overall call duration neededdompleting an interview should be
reduced. In total, overall survey costs should eerehsed. Second, the reduction of
survey costs should not be at the expense of redida quality. Quite the opposite,
excluding technically invalid numbers by means wd-pall validation should reduce
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the proportion of numbers of unknown eligibility.ehce, response rates should be
calculated more reliably because the number of scagigh unambiguous final
disposition codes will increase. However, the tliy of the respective validation
method had to be examined carefully. The incredsthe proportion of valid cell
phone numbers should not be achieved at the expehselarge proportion of
screened out numbers that are in fact working nusffalse negative numbers). A
high percentage of false negative numbers has ttengial to induce a bias in
estimates in case certain groups of respondentgrare to higher risks of wrongful
exclusion.

In detail, the present paper aimed at answeringdh@wing questions: Relating to
survey costs we examined (1) whether contact araview rates can be increased,
and (2) whether mean number of call attempts anahnoeerall call duration needed
for a completed interview can be reduced by me&msescall validation. Regarding
data quality we determined (3) whether responssreéin be calculated more reliably
by decreasing the share of numbers of unknownbdlitgi and (4) how the proportion
of false negative numbers defined as numbers wdrietalsely screened out although
being valid cell phone numbers is affected by wasiscreening methods.

3. Method

In order to identify an appropriate method for pedt validation of cell phone
numbers, a field-experimental study was designedthikV the scope of the
“Experimental Mobile Phone Panel” in Germany, ré&onent interviews were
conducted from September 2010 to January 2011.sahwple of 24,999 cell phone
numbers was based on the Gabler-Hader design (Gabléder, 2009). In contrast to
classical random digit dialing (RDD), this methodildls a sampling frame of
randomly generated cell phone numbers. AccordinthéoGabler-Hader design, all
possible banks of 100,000 numbers are assessaxvdoy cell phone carrier access
code. Within number banks with at least one listell phone number (according to
directories and internet research), all theordticpbssible numbers are generated.
From this frame of randomly generated numbers, sdegyatic random sample is
drawn. This sampling method enables equal incluprababilities but is at the same
time more efficient than RDD. Due to a differentedd in some banks quite low
density of assigned numbers, classical RDD is usificient in Germany. Although
the Gabler-Hader design is more efficient than sita4 RDD, the key problem
remains: the lower the density of working numbeithiw a bank, the higher the share
of invalid numbers in the sample.

In our experiment we started with an initial samgle4,999cell phone numbers. All
numbers were randomly assigned to either an expetiah group (EG) or a control
group (CG) in a between-subjects design. We difftieed checking by number
validation, checking by sending text messages oafplying a combination of both
methods. In a pilot study, we examined three dffierproviders for text messaging
and four providers for number validation. We saddcbne provider each (1) on the
basis of the price, (2) the detailedness of thivelsl reports or reason codes in case of
delivery failure, (3) on the basis of the reliatyilof the provider, and (4) the usability
of the provider's service.
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In total, six experimental groups with distincteseming conditions were distinguished
(see Table 1). A cell phone number was screened out

» if the number was unknown by a one-time numbedatilbn check (EG 1),

o if the number was unknown by a two-time numberdation check with a
time lag of four days between first and second k{EG 2),

» if text message delivery failed due to an unknowossriber (EG 3a),

» if text message delivery failed due to an unknosyntemporarily absent
subscriber (EG 3b),

» if text message delivery failed due to an unknowssriberand if the
number was unknown by a one-time number validatimck (EG 4a),

e if text message delivery failed due to an unknosvntemporarily absent
subscriberand the number was unknowar temporarily not logged in by a
one-time number validation check (EG 4b).

Pre-call validation information by means of a sesnglumber validation check in EG 1
was limited to a single point in time. This appdrdisadvantage regarding reliability
should be tested in EG 2 by conducting a seconckcloair days after the first check.
Thus, a cell phone number was only excluded ifrhiaber was unknown according
to the first and second check. By combining nunvadidation and text messaging in
EG 4a and EG 4b, it was examined whether additioaai and effort were justified
with respect to an improved efficiency of a combingre-call validation process
compared to applying only one of the two methods.

Table 1. Description of the Experimental Design

screening initial screened final
validation method condition sample(n) out (%) sample(n)
CGoO - - 6,200 - 6,200
EG1 one-time check number unknown 2,250 42 1,295
CG1 one-time check - 1,025 - 1,025
EG 2 two-time check number unknown 2,250 42 1,307
CG2 two-time check - 1,025 - 1,025
EG 3a text messaging subscriber unknown 2,500 50 2381,
EG3b  textmessaging SuPscriberunknown -, o, 70 753
or absent
CG3 text messaging - 1,125 - 1,125
EG 4a one-time chegk & number. unknowmand 2500 42 1,440
text messaging  subscriber unknown
number unknowrr
EG 4b one-time che(_:k & not Iogged irmnd 2499 64 911
text messaging  subscriber unknown
or absent
CG 4 one-time chegk & ) 1125 ) 1125
text messaging
Total 24,999 17,444
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For each experimental group a corresponding cogftalp was set up. Cell phone
numbers in the control groups were fielded in par#b the numbers of the respective
experimental groups. By doing this, potential umsted confounding factors due to
seasonal effects, interviewers’ motivation, and position of the sample in the field
should be controlled. Additionally, in each contgobup the same pre-call validation
method was applied as in the respective experirheatalition (with the exception of
CG 0 where no validation method was applied fot cessons). However, none of the
numbers were screened out in the control conditign®, 3, and 4 despite available
pre-call validation return codes. This approachbietha detailed evaluation of the
applied validation method and the respective séngecondition by comparing field
information in terms of final disposition codes adiable information about the
working status of the number with the estimatetustdased on the validation return
codes. After screening, a final sample of 17,444 meone numbers was fielded
successively in five packages of equal size overetitire field period. In the control
conditions without text messaging, the response (@APOR RR1) was 11 percent.
In the control conditions using text messages terdene the status of a cell phone
number and to announce the survey request themespate increased to 13 percent
(°=2.41p=.12).

4, Results

According to the different screening conditionspthyed in Table 1 (second to last
column), the percentage of excluded numbers var@widerably ranging from 42
percentin EG 1, EG 2 and EG 4a up to 64 perceBGrib, or even 70 percent in EG
3b. Therefore, the application of number validats@emed to be a less strict strategy
of excluding cell phone numbers than excluding pélbne numbers based on text
messaging return codes.

Considering thavorking number raten terms of the proportion of valid cell phone
numbers among all numbers after screening (firstnan of Table 2), the efficiency of
both number validation and text messaging becamgoof. The percentage of
nonworking numbers dropped from almost 50 percetitout pre-call validation to
about 10 percent or even less after screening auritnber validation and/or text
messaging return codes. In every experimental geosmnificantly higher working
number rate was achieved compared to the respextivteol group (all comparisomns
<.001). Remarkably, EG 3b differed significanttgrh all other experimental groups
with a working number rate of 98 percent (all congmnsp < .001). Therefore, more
strict screening, and thus, higher percentagesreensed out numbers resulted in a
higher proportion of technically valid cell phonembers in the field.
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Table 2: Effects of Pre-Call Validation Regarding Workload Cost Measures

) ] _ overall call
working number  contact rate interview rate call duration
rate (%) (%) (%) attempts® (minutes)
CGO 53 28 6 102 70
EG1  92@%a  4g3ve 10" a3 40 89 67
CG1 56 26 6 106 71
EG?2 8g .3 49304 10" (@) 30.4b 87 68
cG2 51 26 4 141 92
EG 3a g7 3b (4a) 5o 3b,4b 14 1. (2). @3b). (4a). (4b) g5 53
EG 3b 9§ 1232, 4a, 4 gg-l23a4a4 51,2 (3a) 42 34 46
CG3 54 28 7 90 63
EG 4a g8 (1. (3a),3b 4G 3b.4b 171" Ga).3b, 4b 75 60
EG 4b 90 pgh 233 da g 1,2 (3a) 4a 41 46
CG4 53 28 7 100 70
Total 68 39 9 84 64

Note ? Data on call attempts and overall call duratiofenred to mean per completed
interview; no significance tests were calculatedtfeese two indicators because calculations
involved derived values based on the number of ¢etag interviews, and not on the
original elements of the sample. Thus, reliablearare estimations were not available.
Calculations were based on chi-squared goodnefiste$ts for dependent samples:

"p < .001 compared to the respective CG.

Calculations were based on chi-squared tests oépewiddence to calculate pairwise
comparisons of all six experimental groups:

! p<.001 comparedto EG1 ' p< .05 compared to EG 1

2 p<.001 compared to EG 2 ® p< .05 compared to EG 2

% p < .001 compared to EG 3a®® p < .05 compared to EG 3a

%' n < .001 compared to EG 3b®” p < .05 compared to EG 3b

“ap < .001 compared to EG 4a“? p < .05 compared to EG 4a

“Pp < .001 compared to EG 4b“" p < .05 compared to EG 4b.

4.1. Survey costs

Contact and interview rates

As shown in Table 2¢contact rateswere significantly higher in the experimental
conditions compared to the corresponding controugr(all comparisong < .001).
Whereas contact rates did not exceed 28 percamrtyirof the control groups, contact
rates in the experimental conditions ranged fronto480 percent. Especially EG 3b
and EG 4b differed significantly from all other exjmmental conditions with contact
rates of 80 and 68, respectively (all comparigors.001). As we were interested in
the technical validity of cell phone numbers, tloatact rate denoted a direct contact
with a person, whether this person was eligiblenot. Therefore, this approach is
different from the AAPOR calculation of contactestwhich includes only eligible
persons. Referring to theterview ratesthe percentage of completed interviews with
eligible respondents was significantly higher ie #xperimental groups compared to
the respective control group (all comparispns .001). In this respect, EG 3b and 4b
were again particularly noticeable. In these twpesknental conditions, interview
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rates were the highest with a significant diffeeitwe all other experimental conditions
(all comparisong < .05 or lower). The proportions of cell phone fars leading to a

completed interview were comparable high in bothditions with about 20 and 18
percent, respectively{= 1.35,p = .22).

Mean number of call attempts and mean overall dathtion per interview

As expected,mean number of call attemp&nd mean overall call duration(in
minutes) needed for completing an interview (caltaed by dividing the sum of all
call attempts and the summed up overall call domatby the total number of
completed interviews) tended to be lower in theeexpental groups than in the
corresponding control group (Table 2). Hence, lassrviewer effort was needed to
complete an interview after pre-call validation.pEsially the strict text messaging
screening condition (EG 3b), and the combinedtdtixt messaging and strict number
validation screening condition (EG 4b) seemed tanost effective in decreasing the
interviewers’ time and effort needed for conductamginterview.

Total survey costs

Contact and interview rates as well as mean numibeall attempts and mean overall
call duration influenced not only the interviewergorkload but alsmverall survey
costsfor conducting an interview via cell phone. Reswoncerning overall costs per
completed interview, and cost savings due to difierpre-call validation methods
were reported in Figure 1.

cco [N 23 56 ,
savings

EG1 24 il 53 -5%

CG1 23 56

EG2 24 B 54 -26%

CG2 28 73

EG 3a 20 242 -16%
EG 3b 19 2 32 -36%
CG3 22 50

EG 4a 22 1Bl 49 -11%
EG 4b 19 8l 35 -36%
CG 4 23 55

m direct labor costs " telephone connect charge® pre-call validation costs

Figure 1: Costs per completed interview (in US$) and castrgys (in %) due to pre-

call validation. Significance tests were not repdrbecause calculations of overall
costs involved derived values based on the numbeompleted interviews, and not
on the original elements of the sample. Thus, bdiaariance estimations were not
available.
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Cost calculations were based on direct labor cfmstsnterviewers and supervisors
($16 per hour, respectively). Assuming that intemeérs made on average 88 call
attempts per hour and supervisors spent threel®udf their time for direct
supervision of the interviewers’ work, total diréabor costs varied between $11 and
$45 per completed interview depending on the erpamtal or control group.
Telephone charges were included in the calculatiotis$0.44 per minute. Additional
costs for pre-call validation were included, based$0.05 per number check and
$0.12 per text message. Additional costs in staffetfor conducting pre-call
validation and analyzing return codes were not udetl because the initial
development of a systematic use of the pre-caltdaibn methods was quite time-
consuming while it can be assumed that labor dostsonducting pre-call validation
in a production environment will be distinctly less

Altogether, cost savings could be achieved in ewexgerimental condition, and

additional costs for pre-call validation were comaidy low ranging from $1 to $3 per
completed interview. Thus, cost savings due to cate-validation exceeded the
incurred extra charges. The largest cost savingidoe achieved by screening out
cell phone numbers with an unknown or temporafilyemt subscriber (EG 3b) as well
as by screening out numbers that were unknown logged in for a longer time in

addition to unknown or absent subscribers (EG B@)contrast, excluding numbers
that were unknown after a one-time number valigdattheck (EG 1) or two-time

number validation check (EG 2) yielded relativeiyadl savings (leaving aside the
conspicuously high costs in the CG 2 which weresymeably due to a low interview

rate in this control group for which no adequatelamration could be found despite
thorough examination of the relevant factors).

4.2. Data quality

So far, strict screening conditions, and thus,ghér percentage of screened out cell
phone numbers resulted in a substantial reducticheninterviewers’ workload and
considerable cost savings. However, when decidma groper pre-call validation
method data quality needs to be taken into accasimtell.

Reduction of cases of unknown eligibility

Cases of unknown eligibility mainly occur when méormation than just a voicemail
and/or operator message or dialing tone is avalabdetermine the final disposition
code for a telephone numbddnknown eligibility ratesof the experimental and
control conditions were compared to examine thiieffcy of pre-call validation in

reducing unknown eligible numbers (results are meploin Figure 2).

Each pre-call validation method led to a signiftcaeduction of the proportion of

unknown eligible numbers compared to the respectrerol group (all comparisons

p < .05 or lower). However, unknown eligibility ratgaried drastically depending on
the respective screening condition. In particutag use of text messaging return
codes in the strict screening condition of EG 3ld @ combined screening rule
according to EG 4b were most helpful in reducingibars of unknown eligibility to 7

and 10 percent, respectively. By contrast, unkneligibility rates amounted to about
30 percent in the corresponding control groups. ddile use of number validation in
EG 1 and EG 2, and a combination of number vabdasind text messaging delivery
reports in EG 4a also resulted in a reduction efgércentage of numbers of unknown
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eligibility. However, unknown eligibility rates reaimed on a significantly higher level

compared to experimental groups that were basddxtrmessaging return codes like
EG 3a, 3b, and 4b (all comparisops< .001). With a proportion of screened out
numbers of 42 percent in EG 1, EG 2, and EG 4a Tsdde 1), the excluded cell

phone numbers seemed to be mainly sample numbassif@dd as nonworking

numbers and not as numbers of unknown eligibilltgerefore, excluding numbers
that were unknown according to number validatioturre codes predominantly

reduced the interviewers’ workload but not numlvéith an ambiguous status.

unknown eligibility rates (%) responserates (RR 1)
29 CGO 12

27735 NN EG 1 E—— 110

34 CG1 11
263 NN EG2 | 110

29 CG2 9
21" 1,2,30,4¢, 4 EG 3a 16 W (@), @0), (40)
7ﬁ EG 3b = 20712 B4
30 CG3 13

26 (*), 3a,3b, 4t EG 4a 13 3b, 4k
10 *,1,2,3a3b,4s EG 4b 20 *,1,2,3a), 48
30 CG4 12

Figure 2: Unknown eligibility rates and response rates dugré-call validation.
Calculations were based on chi-squared goodnefistetts for dependent samples:
" p < .001 compared to the respective €& < .05 compared to the respective CG.
Calculations were based on chi-squared tests apirdence to calculate pairwise
comparisons of all six experimental groups:

! p<.001 comparedto EG1 ® p< .05 compared to EG 1

2 p<.001 compared to EG 2 ® p< .05 compared to EG 2

¥ p < .001 compared to EG 3a® p < .05 compared to EG 3a

% p < .001 compared to EG 3b® p < .05 compared to EG 3b

*ap < .001 compared to EG 4a “? p < .05 compared to EG 4a

*p < .001 compared to EG 4b“” p < .05 compared to EG 4b

Response rates can be improved among others bgasing the number of call
attempts, by refusal conversion, by extending iglel period, or by improving sample
quality. The reduction of the proportion of numbefsunknown eligibility prior to
fieldwork also affects response rate calculatidiege higher unknown eligibility rates
the less reliable calculations of response ratdsitidnally, the proportion of numbers
of unknown eligibility affects the magnitude of pemse rates negatively. Thus,
response rates could be calculated more relialdycanild be increased by reducing
the amount of cases with uncertain status througkcall validation (see Figure 2).
EG 3b and 4b yielded the lowest unknown eligibiligtes. Accordingly, these
experimental groups achieved the highest respatse of 20 percent, respectively.
Both groups differed significantly from the correspling control condition (EG 3k?
=11.86,p < .001; EG 4by*= 14.46,p < .001), and from all other experimental groups
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(all comparisonsp = < .05 or lower). Pre-call validation in EG 1, 2a and 4a
achieved no significant increase of response regared to the respective control
condition (all comparisons = n.s.).

Proportion of false negative numbers

Preliminary findings indicated a drastic decreab¢he interviewers’ workload and

survey costs due to an increase of the percenthdecbnically valid cell phone

numbers in the field. Furthermore, we found evidefar improved calculations of

response rates as well as increased responseadtegde reduced unknown eligibility

rates as a result of pre-call validation. Howewigrder to examine the effects of the
various strategies of pre-call validatidalse negative ratedefined as the proportion

of false negative cases among all cases classifiedlid by final disposition had to be
taken into account. False negative cases are ¢t®lhe numbers which were
mistakenly screened out in consequence of the empptal screening conditions.
Given our experimental design, we were able tonegt the proportion of false
negatives since we had number validation and tedsaging return codes from pre-
call validation as well as final disposition codesm the field for all cases in the
control conditions. Thus, false negative rates weséimated by simulating the
screening conditions of the experimental conditiomsthe basis of the respective
control conditions.

As shown in Table 3, there were small false negatates in EG 1, 2, and 4a (4
percent or less). By contrast, EG 3b and 4b whiehevthe experimental conditions
with the strictest screening conditions and with tiighest working number rates also
had the highest percentages of false negative msmbih 46 and 40 percent,

respectively.

Table 3: False Negative Rates and Respective Final DispnsCodes

final disposition codes (AAPOR) %

false negative eligible, unknown eligibility, not
condition® rate % interview non-interview non-interview eligible

EG 1 432,30 4b - 0.5 3 -
EG 2 232,30, 4b - 0.4 2 -
EG 3a 1723048 g7 1 15 0.3
EG 3b 46- 234260 g 4 40 0.5
EG 4a 43040 0.3 1 2 -
EG 4b 4¢ 2% @04 g7 4 35 0.2

Note.  Estimation of false negative rates due to differerg-call validation methods were
calculated on the basis of the respective controtitions.

Calculations were based on chi-squared tests dfpieadence for independent samples;
direct comparison of 3a with 3b, and 4a with 4bevkased on chi-squared goodness-of-fit
tests for dependent samples:

! p<.001 compared to EG1 ® p< .05 compared to EG 1

2 p<.001 compared to EG 2 ® p< .05 compared to EG 2

% p<.001 compared to EG 3a®¥p < .05 compared to EG 3a

%' < .001 compared to EG 3b®? p < .05 compared to EG 3b

“ap < .001 compared to EG 4a“®p < .05 compared to EG 4a

“’n < .001 compared to EG 4b“’p < .05 compared to EG 4b.
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False negative cases were classified by final dispa codes according to the
AAPOR Standard Definitions (AAPOR, 2011): caseschhiesulted in an interview,
eligible cases without an interview (including r&dils, non-contacts, and others), cases
of unknown eligibility, and not eligible cases. Neligible but technically working
cases like non-residential cell phone numbers \abse considered as false negative
cases because only those numbers which were invalidtechnical sense should be
screened out by pre-call validation. Despite higisd negative rates in some
experimental conditions, proportions of potentiadtreened out numbers that had led
to an interview were relatively small in all condits (Table 3). In EG 3b for instance,
only a small proportion of all mistakenly screenedt numbers resulted in an
interview with 1 percentage point of 46 percensdéahegative numbers. By contrast,
cell phone numbers of unknown eligibility made uye tlargest part of the false
negative cases. Thus, number validation and edlyetat messaging in combination
with strict screening rules seemed to be partibulaelpful in excluding numbers of
unknown eligibility. Even though the percentagevalid but mistakenly screened out
numbers that could potentially result in an intewiwas relatively small for all pre-
call validation methods tested, we calculated stnegbiases for age and gender.
Calculations were based on data given by the iemes, and in addition on
interviewer estimations of age and gender for mfuResults (not in the table) based
on chi-squared goodness-of-fit tests for dependmmhples indicated small and
insignificant biases due to false negatives.

Summary and Discussion

The present experiment was designed to developtestdan appropriate pre-call
validation method for the improvement of cell phawmples. Different validation
methods using number validation by means of a Hhékdip and/or text messaging
were examined concerning their efficiency in exatgdtechnically invalid cell phone
numbers reliably. In summary, findings indicatedrastic increase of the percentage
of working cell phone numbers in the field by meamis pre-call validation.
Additionally, a significant increase of contact antkrview rates, and an — at least in
part — considerable decrease of the intervieweosklwad regarding mean number of
call attempts and mean overall call duration pemmeted interview could be
achieved. Consequently, total survey costs deadeasespecially when using more
strict screening rules. Therefore, both the useuofiber validation and text messaging
return codes were appropriate methods to decreaseeys costs. Furthermore,
proportions of unknown eligible numbers could beueed. Thus, response rates
could be calculated more reliably after increasing percentage of numbers with
unambiguous final disposition codes. These resuissupported by initial findings of
Struminskaya and colleagues (2011) who also use® Hdokups to gain more
certainty about numbers of unknown eligibility. Hewer, relying merely on text
messaging return codes seemed to be, at a firsteylanore efficient. Excluding cell
phone numbers on the basis of text message delrepgrts resulted in higher
proportions of screened out numbers than the ssdeafi number validation return
codes. That was even true for rather loose scrgeinditions which merely excluded
cell phone numbers that were definitely invalidading to pre-call validation results.
Furthermore, using text messaging return codeoimbiation with strict screening
rules (by excluding not only unknown cell phone mens but also numbers of
temporarily not available subscribers), the prdparbf excluded cell phone numbers
even increased to 70 percent. However, screeningmto 70 percent of the numbers
of the initial cell phone sample could potentiathgarm data quality and should
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therefore not be done carelessly. Of course, @shgs due to more strict pre-call
validation methods are substantial and make sucthads appealing to survey
researchers. However, lower survey costs shouldcaote at the expense of data
quality. The extent of screened out cell phone remnlprior to data collection was
directly related to the amount of mistakenly scezkput cell phone numbers. When
applying more strict screening rules as used in3BGr EG 4b, false negative rates
amounted to over 40 percent. In the present sthiycomparable high proportion of
false negative nhumbers had no negative consequemceample composition. Even
though we found only minor non-significant biase® do quite high false negative
rates, special precautions should be applied befemeralizing our findings. In
particular, further research is needed regardiageffects of screening rules on sample
composition. Findings concerning potential scregriiases have to be replicated
before the application of text messaging pre-calidation is unconditionally
suggested. At this point in time, the usage ofrretwdes of simple number validation
is an appropriate pre-call validation method foentifying invalid numbers to a
satisfying extent without threatening data quatitye to potential screening biases
through high false negative rates.

Furthermore, simple number validation and text magisg) as pre-call validation
methods have to be tested in other countries. Fast lBuropean countries, service
providers offering HLR lookups and bulk text mesesgg are available.
Implementation and received return codes are alidestical. However, the situation
in the USA is quite different. No text messages faysent to cell phone subscribers
without prior consent in order to comply with thel@phone Consumer Protection Act
(TCPA) legislation (AAPOR, 2010). In addition, HUBokups are limited in scope in
the U.S. because of an insufficient coverage in &M mobile network. Initial
attempts for gathering additional information abthe status of cell phone numbers,
and using them for an improvement of working numtages in cell phone samples
were made by Buskirk, Callegaro and Rao (2009)y Tewveloped a call design based
on provider-specific internet services in the Uditgtates. Similar to our method of
simple number validation they gained auxiliary mmfiation without the need of
contacting the cell phone owner. However in comttasEurope, these services are
restricted to certain providers. Thus, their firgeinwere confined to cell phone
numbers of only three U.S. providers. By contrasing HLR lookups for number
validation has the great advantage that validadtilormation about the working status
of cell phone numbers can be gathered from a sisglece irrespective of the cell
phone provider. This is true for large parts ofdfa, and at least for some regions in
the United States where GSM mobile network coveraggven.
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