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Abstract

The 2011 UK Census provides an opportunity for the collection of information through the internet along with the traditional self completion paper questionnaires. In addition to providing for the electronic questionnaire completion which is now expected by the public, an internet questionnaire can also be used to improve quality and reduce respondent burden. This is in a similar way that CAI has been used in interviewer administered social surveys. However paper questionnaires will remain the predominant means of completing the Census, and so there will be an increased possibility of mode effects in the data the more the internet questionnaire differs from the paper questionnaire.

This paper describes the research work being undertaken to understand the changes that can be made to an internet questionnaire to either increase quality of responses or reduce respondent load or both. It may be possible to measure the effects of these changes on these two dimensions. Examples to reduce respondent load would include automated skips, resulting in respondent not having to move through some sections of the questionnaire which are not applicable or duplicating names from the household to individual parts of the questionnaire. Quality can be introduced through including editing rules such as range checks or controlling multiple response. However there is a risk that constraining the questionnaire with too many checks and edits may result in increased load and reduced quality. 

The outcome of this work should be to determine the balance between attempting to improve quality and reduce load and constraining the respondent to a degree whereby quality decreases and load increases. The research will have to provide some analysis of these effects and provide a basis for making decisions for implementation within the Census.
1. Introduction.

The traditional Census, involves the completion of questionnaires by all members of the public. It is high profile and seen as a government exercise to capture information from every individual (with some exceptions) in the country at the same point in time, something which government’s rarely otherwise do.  

The traditional census-taking has a very large budget and considerable publicity to inform the public of the processes in which they will be involved, the appearance of enumerators on the streets and at their doors, the various forms of assistance in completing the questionnaires (for example translators), the security and confidentiality pledges from the statistical agency, and, perhaps more importantly, the benefits and uses of census data.

With an increasingly diverse society, it has become more difficult to obtain very high levels of response to social surveys, the census included. Statistical agencies have looked at more ways of encouraging the various populations to participate in surveys, including improving the efficiency of sample designs, improving the effectiveness of questionnaire designs, looking at different calling strategies, and using administrative data as a supplement or replacement for survey data. Another strategy has been to consider multimode collection, effectively allowing people to complete questionnaires in the form which best suits them. This includes through the traditional personal interview (perhaps with computer assistance), telephone interview, and now completion through electronic means, including the internet.
For the Census, the use of the internet is seen as a part of a wider government initiative of making more effective use of modern technology. It provides the perception that government is modern, in the sense that citizens can communicate with government through up-to-date technology.  And the Census is an exercise which involves all citizens, which means it is often more imperative that modern technology options are seen to be offered. There is also the view that the statistical office should be seen to be modern, however it is often only through the large Census budget that such innovations are trialled.
This paper looks at the challenges of using both paper and the internet in census questionnaires. The first section looks at reviews the issues around mode effects. There is then a discussion on quality and cost differences, followed by the possible interventions that could be applied to the electronic questionnaire, including edits. The fourth section reviews some modelling work to evaluate the effects of various interventions on cost and quality. 
2. Mode effects.

Mode effects are described as the delivery of different results as a consequence of using different means of collection. According to Dillman (2005) mode effects are more pronounced in cases where there is an interviewer compared with self completion. The mode effect of a self completed questionnaire using paper completion compared with computer completion would seem to be at the lower end of the scale in terms of differences in outputs or data.

The mode effect may be more pronounced if the electronic questionnaire has more edits to attempt to improve the quality of response. The key argument here is that edits can increase the quality of the output data by warning the respondents of mistakes that they may have made in data completion, or actually simplifying the task of completion. In this sense the electronic questionnaire can be seen to be similar to delivery by an interviewer. As the interviewer can check for inconsistent response or answers out of range, so does the electronic questionnaire, except there is a more consistent approach and no interviewer variability.
Electronic completion will result in an immediate quality gain as the vagaries of the interaction between paper completion and the scanning and recognition technology are eliminated. So there is no problems with dust on the scanner bed creating records where there is no response, or ticks outside the recognition boxes or difficulty in reading handwriting. And this not only means that quality is improved, but there is a consequential cost saving in not having to correct these errors later in processing. 

This latter process of simplification may have the added benefit of reducing completion time, and so add to the quality (where quality is taken as a more broadly defined concept – see Eurostat 2002). 

Against this there is the possibility that by driving the respondent through processes different to paper completion, not only will the output results be different, but there may also be added burden on the respondent, in terms of having to read, understand possibly react to error messages. And there will be a point beyond which the interventions may result in either item non response, or in the extreme, total record non response for the remainder of the questionnaire (see Christian et al. 2006). This could be represented diagrammatically as in Figure 1.

Figure 1. Quality and Burden v Intervention
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Electronic completion also offers the potential gain in timeliness with electronic data available as soon as the respondent returns the questionnaire. While this may not affect the final outputs (which have to wait for the last returns), it does provide an opportunity for very early analysis of Census data – perhaps even prior to Census day! There is also the opportunity to use the electronic completion and return as something of a dynamic surveying instrument. So it is possible to analyse the returned electronic data at any one time and then make changes for the returns in the next period of time (although this would seem to be only needed at critical times). However some evidence from the 2006 Censuses showed that providing updated publicity messages could be monitored immediately through reviewing the effect on the electronic returns after the message was broadcast.

Electronic completion should additionally provide a cost saving to the survey taker. The immediate saving is where the electronic completion replaces data capture processes such as key entry or scanning and recognition. 
3. Measuring Quality and Cost of Data Capture

The argument for adding some changes in the electronic questionnaire compared with the paper questionnaire is to improve quality. This argument is based on the view that where respondents make mistakes in completing a questionnaire, these can better be corrected by the respondent themselves. And the electronic questionnaire can both highlight the mistake and allow the change. Limited checking was carried out in the 2006 Censuses in New Zealand and Australia (see Potaka 2008 and Williams 2008).
Quality has many dimensions. The EU definition includes relevance, accuracy, timeliness, accessibility, coherence and comparability (see Eurostat 2008). Electronic completion can improve timeliness, in terms of having output data available earlier (both because of the immediacy of delivery and the higher quality reducing the time in office processing). 

It is difficult to measure quality of response. However one indicator which could be used is that of non response. While non response certainly reflects no answer, and so an error, there is no easy way to validate the cases where false responses have been provided, without more interactions with the respondents. While this is often done with business surveys, it is seldom done with household surveys. In this paper decreases in non response will be associated with increases in quality.

There is also an added advantage with electronic questionnaires of reducing cost. There are two areas of cost: cost to the respondent and cost to the survey taker. The reduction for the survey taker comes through the respondent’s electronic completion reducing the need for duplication of effort to capture the data. So the respondent completes and captures the data through the electronic questionnaire in one motion, whilst otherwise the respondent completes the paper questionnaire and then the survey taker transcribes the responses into an electronic format (perhaps through key entry, but now increasingly through scanning and recognition technologies).

Reduction in the cost to the respondent is a reduction in the time to complete the questionnaire. Again this will be a measure of cost that is used in this paper. 

4. Improving the quality of data.

With the use of modern technologies there has been a general trend in data collection activity to look at validating data collected in the field at source, rather than back in the office. So with CAPI, the computer programme for capturing the data will also include some validation rules, which allow the interviewer in the field to be alerted to possible implausible or conflicting values. Part of this is what has traditionally been called data editing, a process which in some way is meant to correct data mistakes made by the respondent. The computer helps the interviewer with data editing by applying consistent logic to the process in the field.
Data editing has effectively been a precursor to data tabulation in that it constrains the data to a set of distributions that the editor thinks should be represented in reality. With increasing diversity in society, it is becoming more difficult to justify these constraints. And furthermore, for Census data, the occurrence of small counts is often a critical element of what the Census is needed for – measures of small populations.
Thinking of data validation with regard to the electronic collection there are several processes which could be used (see Wagstaff and Wallis 2008) which are the same as those which are imposed through a CAPI type vehicle / environment. 
The easiest intervention is not something that would be normally undertaken with a paper questionnaire, but is definitely a process which both reduces time and increases consistency. This is where the respondent is asked to provide the same information in several different places. In the instance of the Census questionnaire, there is a request for the respondent’s name both on the household component, the relationship question and then on the personal component. With the electronic questionnaire this repetition can be eliminated by having the name written in where it is required for the second and subsequent instances. This seems a logical option, which should not have any mode effect
. 

The second intervention which is relatively easy to include is the use of the filter question. This is where with different responses, the respondent is directed to different parts of the questionnaire. This has been one of the savings in general household surveys using CAPI. There is however a mode effect here, as with the paper questionnaire respondents sometimes work through the skipped section of the questions only to find that these are applicable and they have selected the wrong filter option. However no matter how the skip is managed there will always be a small proportion of people who get this wrong and it is often difficult to determine how to resolve the conflict of a skip response and then the completion of the skipped section. There is a possibility of providing the respondent with a view of the skipped questions, to ensure they are not applicable (see Potaka 2008).
A third intervention is whether to constrain multiple responses where there is only one response required. In electronic questionnaires this is now commonly handled by a “radio button”, where there can only be one response. Again this can easily be incorporated into the questionnaire, but there needs to be a clear understanding that this form of data validation does not destroy valid multiple options.

A fourth intervention is the range check. In this work it can be easily applied to dates and to post codes, but could be extended to countries or occupations.

A fifth intervention is highlighting items where there has been non response – i.e. ensuring that there is a complete response for every unit. This could be activated at every question at the time of non completion, or it could be activated at the conclusion of completion, as a final check. 

The last intervention is the more complex checks within and between records within the household. This might include for example verifying age against marital status of the same individual, or verifying age of mother and age of child. These checks were not modelled.
The last three interventions can be implemented in either a mandatory or voluntary mode – the hard edit / soft edit distinction. This means that with hard edits the respondent’s answers would not be accepted until this response is provided, whereas with soft edits, there is a warning which can be ignored.

5. How much validation?

The question of levels of validation to get the optimal quality is difficult to answer. As noted in sections 3 and 4 validation can increase item response, lower respondent cost and lower overall survey cost. At the same time, it is possible that too much validation can increase respondent cost, lower item and record response and so increase survey cost. Forcing answers may also result in respondents providing false answers simply to progress through the question. The aim of the survey taker is to find the optimal point to get the best quality for the lowest survey cost and the lowest respondent burden (see Laroche and Grondin 2008).   

Given the significant levels of respondent cost for the Census, it is critical that the best estimates of the optimal level of validation for electronic completion are made. This becomes increasingly important with higher levels of internet participation.

There are two means of assessing the levels of interaction between intervention with validation rules and response / burden on respondents: field testing and modelling. This section of work looks at levels of validation through simple models of the response process. This will be followed at a later stage by field testing.
In this paper, the models review two respondent types: one for working adults and one for children. This simplification allows an understanding of the quality response interaction with validation. The models presented here only look at completion for an individual person and do not look at the household section completion or the completion for all persons
. 
The model also assigns a time cost or saving to each intervention as well as a response improvement. These outcomes are measured in a simple manner, but have been tested for sensitivity by changing the input parameters. After field testing, improved input parameters can be used. While changes in time as relatively easy to compute, measuring changes in response are more difficult. Again while just one set of parameters have been used and then varied, this process could be improved by using a range of parameters and reproducing the outcomes over many iterations to get a range of cost / quality values. 

The model for time to complete has a simple function. This is in the form:
T = F (KS, B, L, I, C)

Where T is the time to complete, KS is the number of key strokes to answer each question on the questionnaire, B is the number of tick boxes, L is the number of lines for write in questions, I is the number of lines of instruction, and C is a cognition level or degree of recall and understanding. This function combines the time to read the question with instructions and boxes, plus the actual writing time with the number of questions, the number of boxes to tick and the number of lines to write in plus a score for cognition. For the purposes of this exercise, a simple additive model has been tested.

T = KS + B + L + I + C
In terms of time to complete, it is easy to see that having an electronic questionnaire repeat previously entered data (such as name) provides a time saving which depends on the number of key strokes (and the number of instances where questions are repeated). 

The model for response burden uses a similar aggregation for non response (NR). So this has the form:

NR = ∑ NRq
It has been assumed that the individual question (item) non response rates are similar to those of the 2001 Census. This hypothesis seems reasonable, given that response rates over time are decreasing, but we are aware that there will be some increase in response due to the electronic questionnaire.

Figure 2 shows the results of this modelling work. The top two graphs show the affect of validation rules (interventions) on time to complete the questionnaire. The first graph for working adults has a good J curve as expected, while that for children does not have the added time with further interventions. This is a result of the fewer number of questions completed for children. 

The key drivers of lower time cost are the first three interventions for repeated questions, filters to skip over questions and the radio buttons for only one response. The last three interventions increase the time to complete. These comprise time for range checks, time for the soft edit for non response to a question and the time for the hard edit for non response to a question. 

It is also noted that the time saving for repeated information, skipped questions and radio buttons is small in comparison with the time required to complete the questionnaire for both working adults and children. This is because there is only one repeated question and neither this nor the skipped questions actually reduce the time significantly. The real improvement here may be more the perceived saving rather than the actual time taken, which has not been accounted for in the model.
The bottom two graphs are for non response and so are the inverse of those in figure 1, which would be for response (as a measure of quality). They do not show the U curve as expected. This is mainly because there is very little effect of the first five interventions in terms of non response. This applies both to the longer working adults and shorter children’s questionnaires. 

With only one repeated question which has a very low non response rate, there is little effect of this intervention on non response. Likewise the use of the filter intervention to skip questions has only a limited number of instances in these questionnaires. And the real effect of this is preventing response where it should not be. This has been difficult to incorporate in the model. And the radio button for tick only one box has no effect on non response.

The real effect is with the edits for reminding respondents where they have not answered an applicable question. This is where the gains in quality are, and it is only where respondents are frustrated when they do not want to follow this instruction (through the hard edits) that there is a further increase in non response. 
Figure 2: Model Outcomes: Burden and Quality
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The lowering of non response rates through a limited set of interventions has been demonstrated in the 2006 Australian Census. Williams (2007) shows in the Australian Census there were significant improvements with Birthplace changing from 3.2% for paper completion to 0.2% for electronic questionnaires. Likewise Income non response dropped from 4.7% to 0.8% and Labour Force Status from 2.3% to 0.2%. This confirms the trends shown in the models.

So how much intervention is too much? The model suggests that repeating question responses, using filters to skip across questions and radio buttons for single tick responses are all worthwhile in terms of increasing quality and reducing response burden. There is then a balance with range check and soft checks for non response. These two checks provide the best gains in quality but also add to the response burden to the extent of possibly of negating gains in reducing response burden. The model suggests that this is the balance point and it may be that including soft edits for range checks and non response should be included. Beyond this point the use of hard edits would seem to both increase burden and decrease quality beyond the initial starting points. These conclusions are dependent on the quality of the model parameters.

Those respondents completing by internet are not representative of the general population. As noted in Williams (2007) internet responders are more likely to be younger, living in larger households, more mobile, more likely to be studying and participating in the labour force, have higher income levels, higher qualifications, less likely to be providing unpaid care, and more likely to have broadband access.  Consequently they are more likely to have responded (if only paper had been provided) and their item response rates are also likely to be higher. This also means that the poor respondents who either do not return a questionnaire or who return poorly completed questionnaires will continue to do so. So the electronic questionnaire and internet return are probably just improving the already good responses and not changing the very bad responses, so the effect will be disproportional overall.
6. Conclusions

Just as the survey taker has learnt the market need to deliver products to customers in the medium they choose, so the duality of receiving data from respondents across multiple modes is now a reality.  The challenge of this new approach is to manage the tensions between consistency and relevance; consistency, in the sense of having the same survey instrument, and relevance, in the sense of making the best use of the different modes of collection. 

In the context of population census taking, it is still critical to use both paper and electronic questionnaires, since the internet penetration is not universal. But the cost advantages of maximising electronic take up are immense, when this extends beyond the initial internet collection set up costs. This is because for the traditional census, field and processing costs dominate what is already a very large budget, and electronic questionnaires reduce both.

It is easily demonstrated that completing electronic questionnaires improves the quality of responses, especially in terms of response rate. However, applying the all possible validation checks that the electronic questionnaire offers has a negative effect on completion / response, even for those respondents with good quality responses. 

The modelling work reported in this paper has demonstrated that there are cost savings in respondent load for electronic over paper questionnaire completion with simple interventions including repeated questions, skip questions and radio buttons. The savings depend on the number of instances of these checks in the questionnaire. The quality improvements with electronic questionnaires come with soft edits for range and non response checks. However this is at the expense of added response burden. Additional hard edit checks, forcing responses and highlighting mistakes, have an overall negative effect, with the resultant lower levels of completion, higher costs to both the respondent and the survey taker and decreased quality.
References

Christian, L.M., Dillman, D. A., and Smyth, J.D. (2007) Helping respondents get it right the first time: The relative influence of words, symbols and graphics in web surveys. Public Opinion Quarterly, 71, pp 113 - 125.
Dillman, D. and Christian, A.M. (2005) “Survey Mode as a Source of Instability in Response across Surveys”.  Field Methods, Vol.17, 30-52.

Eurostat (2002), Quality in the European Statistical System – The way forward. European Commission and Eurostat, Luxembourg.

Laroche, D., and Grondin, C. (2008). Impact of Online edits and internet features in the 2006 Canadian Census. United Nations Statistical Commission and Economic Commission for Europe. Conference of European Statisticians. Work Session on Statistical Data editing. Vienna, Austria, 21-23 April 2008.
Potaka, L. (2008). Comparability and Usability: Key issues in the design of internet forms for New Zealand’s 2006 Census of Populations and Dwellings. Survey Research Methods, Vol. 2, No. 1, pp 1 – 10.
Wagstaff, Heather F., & Wallis, Ruth (2008) First thoughts on editing in mixed modes in the 2011 England and Wales Census, WP04 United Nations Statistical Commission and Economic Commission for Europe. Conference of European Statisticians. Work Session on Statistical Data Editing. Vienna, Austria, 21-23 April 2008.

Williams, Paul (2007), The Australian 2006 Census and the Internet, Statistical Journal of the IAOS 24, 173 – 182

� It however does require the question to look different from that on paper, because rather than asking for name, this “question” should now indicate that this is the name (for this part of the questionnaire).


� The DCMWave 6.0 23/04/2008 version of the England Census questionnaire has been used in this work.
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