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In general, all surveys aim to represent the population as accurately as possible by controlling sources of error which can create bias in the survey estimates or increase their variance (Groves 1989). Most panel surveys encounter the problem that some panel members have moved since the last wave and cannot be located. There are two ways to try to handle this problem. First, attempts can be made to avoid the problem by implementing procedures for tracking panel members between waves. The second way to deal with lost panel members is to institute various tracing methods to try to locate them. The aim of this paper is to investigate the cost efficiency of this kind of effort in the European Union Survey on Income and Living Conditions (EU-SILC).  
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Introduction

Are the benefits from achieving one more respondents worth the effort? In this paper we investigate the costs and benefits of manual tracing of contact information in a telephone survey. Non-response in itself is not a good measure of non-response errors (Curtin, Presser and Singer 2000 Groves and Dipko 2004). Heerwegh, Abts and Loosveld (2007) shows that although the non-response rate is higher than the non-contact rate, the proportion of non-response error is significantly larger due to non-contact than to refusal. This is also supported by two recent analyses of EU-SILC in Iceland and Norway ; the non-contact rate has  effects both on the current wave of the survey (Karlsson, Jónasdóttir and Lagerstrøm 2013) and also on later waves  as well as on attrition (Stensson and Lagerstrøm 2010). In addition to documenting effects that are important for data collection strategies, these two studies also find negative effects on survey estimates due to non-contact. It is therefore very important to find strategies that reduce non-response due to non-contact. In this paper we will primarily concentrate on strategies for   ensuring a higher likelihood of gaining contact. 
Method 

The EU-SILC is a longitudinal survey which is conducted in most of the EU member states. In this analysis we use data from the Norwegian EU-SILC 2012 combined with findings from Karlsson et. al. (2013) and Stensson and Lagerstrøm (2010). 
From 2012 the Norwegian EU-SILC sample design was redesigned, aiming to go from 8 year panel to 4 year panel. This transition will last for a period of three years, and from 2014 the sample will consist of 4 even rotational groups. The target units of the survey are households in each participating country, but the sample in Norway is based on individuals sampled from the national registry population register and linked to other household members through the interview. 

Before each wave, telephone numbers are  obtained  by different methods. First, numbers to the sample are purchased at a fixed per-number rate from two different commercial suppliers, Eniro and MatchIT (DirekteMedia). All respondents and households which still lack telephone numbers are  procured manually. 

The first step is to check information from the population register (Bereg). Bereg includes information on family members, current and former addresses and more. Since we have more  than the two suppliers of telephone numbers that we use in the first stage in Norway, we also search for information from all of the suppliers, before we look further on the Internet (google.no). Statistics Norway has developed a manual for tracing that describes how to trace, including evaluation and ethical considerations of the information obtained by manual tracing.

In addition to different strategies for the procurement of telephone numbers, respondents  were asked for updating of contact information  during the last interview, but also twice before the next wave. First a combined Christmas card, respondent letter and change-of-address card was sent to the respondents. This letter is sent approximately one month before the first batch of advance letters are sent to the respondents for the current wave. The intension with both advance letters and the Christmas card is to inform the respondents about the new survey and to thank them for their responses during the last wave and also to keep track of  any respondents that change their address  ahead of the new wave.  
Results
In this analysis we will separate the cost efficiency based on three different groups of the sample or sub-samples. The first group consists of respondents without known numbers after automated tracing. We will label this group ‘manual’ or ‘manual traced’. The second group consists of respondents with automated traced telephone numbers with errors. During the data collection a significant portion of the automated traced telephone numbers turn out to be incorrect. This group is labelled ‘defected’. The third and last group consists of respondents with automated traced telephone numbers without any detected errors.
Our hypothesis is that the last group should be as large as possible to ensure higher efficiency, both in terms of gaining interview, but also in terms of lower contact costs.  

Several factors affect the differential in hourly production rates for different sub-samples. The largest factors affecting the cost ratio are those that affect interview productivity. The hourly productivity (i.e., hours per completion (HPC)) for the Norwegian EU-SILC is a product of the following factors; eligibility rate, working number rate, contact rate, and cooperation rate. 
The eligibility rate is her defined as all telephone numbers available for the data collection. The telephone eligibility in Norway differs between groups as shown by Karlsson et. al. (2013). Their study shows that available listed numbers in EU-SILC 2012 was  under-represented for age groups  below 45 years, single households and non-native Norwegians. 

The working number rate is a function of working number density in our sample i.e. respondents  possible to trace  from available telephone number lists. In 2012, the working number rate was 85 percent.

The contact rate measures the proportion of all cases in which some responsible member of the housing unit was reached during the data collection based on AAPOR definition (2009). The contact rate is affected by cultural and technical differences in how respondents use their telephones. This is not only an issue regarding automated/manual access to the numbers, but also type of numbers i.e. cell phone/land line. Many respondents use cell phones as a supplementary communication device. Many cell phones that interviewers call are turned off when called. Call screening/Caller ID technology is essentially universal on cell phones, as is voice mail; and both are thought to promote greater screening of incoming calls by respondents. The result may be a lower contact rate for the cell phones numbers that are sampled. Furthermore, the contact rate is in part a result of the calling effort. If we use several call attempts to “smoke out” not working numbers, we will have less time to make sufficient call attempts. 
The cooperation rate is the proportion of all cases interviewed of all eligible units ever contacted during the data collection (APPOR 2009). 

Table 1 shows the different rates by mode of number tracing.

Table 1. Contact rate, cooperation rate and response rate after source of telephone number. 2012
	                       
	Contact rate
	Cooperation rate
	Response rate

	Working numbers 
without errors (automated)
	0,874
	0,724
	0,632776

	Working numbers 
with errors (automated)
	0,845
	0,437
	0,369265

	Manual traced 
numbers
	0,718
	0,651
	0,467418


Both contact rate and cooperation rate differ according to the various strategies employed to procure these numbers. In the group with working numbers without errors we find that both contact rate and cooperation rate are the highest. The contact rate is the lowest in the manual group but the cooperation rate is the lowest in the defected group.
In addition to contact rate, cooperation rate and response rate by the end of the survey as shown in table 1. We have calculated the same rates for all call events during the data collection. From the case management system, we have information on when we tried to make contact with the sample members and what the outcome of each attempt was, i.e. interview, appointment, no answer, refusal and more. Each event has a unique code and in this case each event corresponds with a call attempt.

Figure 1. Contact rate after number of calls after different types of numbers. 2012.
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As shown in the figure 1, we can see that both data collection for the sub sample with working numbers and the one with manually traced numbers have higher contact rate an earlier phase of the data collection than for the sub-sample with errors. There could be several reasons for this picture, but one explanation could be that the interviewers use several contact attempts to ensure that the number is wrong. Another reason could be that the settings in the CATI management system allows too many contact attempts before ruling out the case for further activities like manual tracing. 
The cost per completion for either part of our study can be thought of as a sum of:

The cost per completion of remuneration/incentives and/or advance mailings, if any;

The cost per completion of the eligible sample of phone numbers; and 

The interviewing costs per completion. 

The third term is by far the largest factor in most telephone surveys and can be calculated as a product of the billing rate (or full cost) for an interview hour and the HPC. HPC can, in turn, be thought of as a sum of the interview length and the hours spent (per completion) on screening and recruiting. I.e., all interviewer time that is not devoted directly to completing the interview.

It is this last cost component "Contact and Recruiting Hours per Completion (CRHPC)" that is markedly lower on average for the group with working numbers. Any differentials in the productivity factors listed above (e.g., working number rate, contact rate, eligibility rate, or cooperation rate) have a direct, multiplicative effect on the ratio of CRHPC for contact cost of the working number group to CRHPC for the two other groups. As is shown by the data presented below, the SRHPC ratio (working number group CRHPC divided by manual CRHPC and by defected CRHPC) drives the HPC ratio and the overall cost ratio as well.
Table 2. Contact and recruiting hours and costs per completion (mean). 2012
	
	CRHPC (min)
	CRHPC (€)
	Ratio (€)

	Working numbers 
without errors (automated)
	57
	31.35
	

	Working numbers 
with errors (automated)
	124
	68.20
	0.4597

	Manual traced 
numbers
	128
	70.40
	0.4453



Discussion and conclusion
We can either obtain contact in advance or during the data collection. Panel surveys differ from cross-sectional surveys in many ways, including tracking and monitoring rules, time between survey periods, time and resources spent on movers, amount and type of contact information collected in previous survey periods and more. All this affects the probability of localization of the respondent.

In 2012 13 percent of the Norwegian population changed address. The largest part is movements within municipalities, and approximately one third of the moves are between municipalities. In addition we also have a small proportion of emigration (0,5 percent). To minimise the attrition that this causes, we have procedures in place to track respondents who move between waves as mentioned above.  


As seen in the analysis above, there is a gain to be achieved from ensuring good contact information before starting the data collection.  Whether this information is gathered before or during the data collection does not seem to affect the cost directly. However, from Stenisson and Lagerstrøm (2010) we know that late respondents seem to have a higher propensity to stay as late respondent or non-response in the next wave. It therefore seems desirable to get as good information up front before a new wave of the survey starts. 


Earlier studies have indicated that prospective and centralized approaches are likely to be the most effective in terms of cost benefit. Couper (2006) present a model with several Factors that affecting tracking and location propensity. The model list some survey design factors i.e. tracking rules, tracking effort, time between waves and contact information in addition to structural factors i.e. population registers, mail forwarding rules, telephone number portability, access to databases. 
The Norwegian EU-SILC need more effective strategies for tracing. We have already started to improve the quality in the population register with use of additional information from other registers. This will increase the amount of eligible telephone numbers, but also the working number rate. Both factors seems important for cost reduction. In addition to better and more telephone numbers, this analysis shows potential to reduce cost due to better routine, both interviewer administrated and system administrated, in closing cases for calls at a earlier stage of the data collection. 
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