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1  Abstract
2  Stated preference (SP) web surveys are increasingly completed on mobile
3 devices such as smartphones and tablets instead of computers. Due to
4  differences in technical attributes and response contexts of the devices, this
5 trend may affect the quality of the survey data and elicited welfare measures.
6  Little is known of such device effects in SP research. In the first such study
7 of its kind, we compare willingness to pay (WTP) and response quality
8  between devices in a large, national contingent valuation survey. Propensity
9  score matching is used to distinguish device effects from observed sample
10  composition effects due to self-selection. We find significantly higher WTP
11  for smartphone respondents in the first out of four sequential WTP questions,
12 and no differences for tablets. Concerning data (response) quality, results are
13 mixed, but not consistently lower for smartphones and tablets compared to
14 computers. Measured by indicators of response randomness, shares of don’t
15  know and protest zeros, smartphone responses even show signs of higher
16  quality. Only in terms of the extent of internal scope sensitivity, do
17 smartphones and tablets fare somewhat worse than computers. Overall, our
18 results do not indicate substantial loss of response quality or differences in

19  welfare measures for mobile devices.

Skeie, Magnus Aa.; Lindhjem, Henrik; Skjeflo, Sofie Waage; Navrud, Stale.
Smartphone and tablet effects in contingent valuation web surveys — No reason to worry?. Ecological Economics 2019 ;Volum 165.
DOI10.1016/j.ecolecon.2019.106390 CC-BY-NC-ND



20 1. Introduction

21  Stated preference (SP) surveys in environmental economics, i.e. contingent
22  valuation (CV) and choice experiments (CE), are increasingly administered
23 on internet panels (Lindhjem and Navrud 2011a; Menegaki et al. 2016). In
24  fields utilizing such survey data, the share of respondents completing surveys
25  on smartphones and tablets rather than on standard computers has recently
26  Dbeen rising fast (Peterson et al. 2017). Due to the differences in attributes of
27  the devices (e.g. screen size and touch screen functions) and the response
28  context (e.g. while commuting), the technical platform may affect the quality
29  of responses and elicited willingness to pay (WTP). If significant differences
30 are found it may jeopardize the validity and trust in web surveys and derived
31  welfare estimates for use in for example cost-benefit analysis (CBA).

32 Little is still known of such effects in SP research; we have identified only
33 one study that has compared such platform effects, in this case using CE
34  (Liebe et al., 2015). It has been more common to compare survey mode
35  effects more generally, see e.g. the review by Lindhjem and Navrud (2011a)
36  and recent studies comparing web surveys with e.g. mail (Olsen, 2009; Boyle
37 et al., 2016; Campbell et al., 2018), face-to-face (Lindhjem and Navrud,
38  2011b) and more deliberative settings (Sandorf et al., 2016). The mode effects
39  found so far are small to moderate, but studies are few and results, as judged
40 by the recent guideline on SP, both “mixed and context specific” (Johnston et
41  al. 2017; p340). These results would in any case not be directly transferable
42  to a device effect investigation in internet panels. Hence, while most SP
43  research, at least in high- and middle-income countries, is moving online

44  using such panels of respondents, coupled with rapid changes in mobile
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45  phone technologies and use patterns, it is increasingly important to investigate
46  potential platform effects on survey responses and quality. The survey
47  methodology literature is also mobilizing a similar research program for
48  survey research in general (e.g. Callegaro et al., 2015; 2014; Couper et al.,
49  2017).

50  Survey statistics are prone to both errors of representation and measurement;
51 the latter being the gap between the ideal (true) measurement, and the
52 response obtained. If the same respondent provides different answers to
53  questions of the same survey depending on whether a mobile phone, tablet or
54  laptop/stationary computer (PC) is used, a “platform effect” is present. This
55  has its parallel in what is sometimes called the “pure” survey mode effect,
56  where the same respondent would answer differently to equally worded
57  questions across survey modes (Jackle et al., 2010; Lindhjem and Navrud,
58 2011a). Two main sources of platform effects have been noted in the
59 literature; namely differences in technical attributes and response context (see
60 e.g. De Bruijne and Oudejans, 2015).

61  Firstly, the smaller screens and keyboards of tablets and smartphones
62  compared to PCs may induce cognitive fatigue at the hands of the respondent.
63  This in turn may affect response quality in terms of larger acquiescence
64 tendency, 2 more randomness in responses, or through a potentially
65 dampening effect on for instance WTP responses in SP surveys due to less

66  striking visual stimuli on smaller screens (Liebe et al., 2015). Generally, one

67 2 Acquiescence is sometimes referred to as "yea-saying", i.e. the tendency to agree with a

68  statement when in doubt.
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69  could expect a higher “satisficing” behavior (Lindhjem and Navrud, 2011a).3
70  Some studies find that people handle PCs better technically than they do
71 phones (e.g. Parush and Yuviler-Gavish, 2004) and that smaller screens and
72  keyboards introduce undesirable effects on survey responses from mobile
73 devices, due to scrolling and zooming operations (Peytchev and Hill, 2010).
74 Still, some studies in the general survey literature find that completion on
75  mobile devices need not lead to lower quality or different results, as long as
76  thoughtis given to design (Antoun et al., 2017; De Bruijne and Wijnant, 2013;
77  Drewes, 2014). Secondly, the typical response context may differ from that
78  of PCs, in that smartphones (and to a lesser extent tablets) more frequently
79  are used away from home, on the move, in the presence of other people or
80  while multitasking (de Brouijne and Oudejans, 2015). The context may
81 influence cognitive processing and concentration/attention levels, and the
82  social context, e.g. the presence of others, may give normative influence on
83  responses (Dillman et al., 2014). Research is still inconclusive and results
84  from the survey literature would in any case not be directly transferable to SP
85  research, as SP surveys are generally more complex and contain more text
86  and visual stimuli than typical population surveys, e.g. where Likert scale
87  type questions often dominate. Hence, SP surveys would be prone to biases
88  observed in the literature when many such elements are present at the same
89 time and the survey is complex. Liebe et al. (2015) use a CE survey to
90  compare response quality from mobile devices (tablets and smartphones) and
91  PCs. They find no differences in scale or in the tendency to choose the status

92  quo option. For mobile devices only, they found a negative correlation

93 3 Shortcutting the response process, providing less than optimal effort in answering.
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94  Dbetween screen size and interview length and a positive correlation between

95  screen size and acquiescence tendency. Model results for mobile device users

96 indicate a U-shaped relationship between error variance, a measure of survey

97  quality, and screen size. They conclude that using mobile devices seems not

98 significantly to affect survey quality.

99  The main challenge in studies that investigate survey mode or platform effects
100 s the potential confounding of measurement effects with sample composition
101  effects due to self-selection into one survey mode/platform (Lindhjem and
102 Navrud, 2011a). This is not straightforward to avoid or to control for in
103  practice (Boyle et al.,, 2016). One could encourage or technically force
104  respondents sampled from the same frame, to answer using mobile or PC and
105 randomize treatment across respondents. This procedure will not avoid self-
106  selection completely, as those who prefer another platform may just not
107  respond or refuse to follow the encouragement (as seen for mobile users in
108 Drewes (2014)). Alternatively, one could, as we do here, follow a more
109  practical approach. We carry out a CV survey using the standard approach
110  survey companies follow to maximize response rates, where the internet panel
111 respondents are free to choose the platform they prefer when invited to the
112 survey. The survey is designed for PC but optimized for answering in the
113  internet browsers of tablets and smartphones. From this, we can first
114  investigate people’s preferences for devices and compare the degree of
115  selection by observable characteristics into the different platforms. Then, we
116  follow the spirit of Liebe et al. (2015) and use propensity score matching to
117  discern likely platform effects. We compare WTP and assess quality of

118  responses based on experience from the survey methodology literature. A
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119  broader analysis of response quality may help in judging the validity of stated
120  preferences. As basis for the study we use a CV web survey of ecosystem
121 service (ES) damages from accidental coastal oil spills from ships in Norway
122 aiming at producing welfare estimates for CBA of government preventive
123  measures (Navrud et al., 2017). Our study is, to our knowledge, the first to
124  investigate platform effects in CV, and a first step in a continued research
125  program on understanding device effects on response quality and welfare
126  estimates in internet-based SP research.

127 2. Research questions and hypotheses

128  The main questions we ask are: (1) Are there systematic differences in stated
129  WTP between mobile device and PC users, and if any, to what extent are
130  these due to platform effects of the device?, (2) Is data quality, assessed using
131  selected quality indicators, from mobile devices different from PCs, and if so,
132 to what extent can this be attributed to platform effects?

133  Regarding the first question, controlling for (observable) respondent
134  characteristics that influence both platform choice and WTP, there may be
135  residual differences in stated WTP across platforms due to technical attributes
136  and/or response context, as explained above. The main challenge in
137  answering the first question is therefore to control for self-selection.

138  Regarding the second question, since overall validity of SP surveys is hard to
139  assess (i.e. we do not know the true WTP), general response or survey quality
140  can give an indication of validity (Lindhjem and Navrud 2011b). Response
141  quality can be measured or proxied in several ways. We use four such

142  indicators: shares of “don’t know” and protest zero responses to the WTP
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143  questions, response randomness and response inconsistency interpreted as
144 lack of internal scope effect.

145  The share of “don’t know” and protest zero responses might indicate the
146  extent to which respondents proceed through the survey without carefully
147  considering the questions (so-called satisficing). Stating WTP demands a
148  certain cognitive effort and selecting the “don’t know” or protest zero
149  responses may serve as an easy way out (Krosnick et al. 2002)%. In this way
150 we regard (low) share of “don’t know” and protest zero responses as
151  indicative of cognitive efforts in interacting with the survey questions, and
152  the higher is cognitive efforts, the higher is data quality. Regarding response
153  randomness, the results of previous studies are not unanimous with respect to
154  platform differences. The result of Liebe et al. (2015) that choice randomness
155  shows a U-shaped relationship with screen size, means that tablet responses

156  should be associated with less randomness than that of both smartphones and

157  “#The SP literature, e.g. Johnston et al. (2017), is not clear about how to interpret “don’t
158 know” responses. It is likely that “don’t know” in practice is a mix of satisficing behaviour
159 and true uncertainty about ones’ preferences (especially if one takes the view advocated by
160 Payne et al. (1999) that preferences are constructed during the valuation exercise, and not the
161 more traditional view that “people know their preferences” (Freeman et al. 2014; p7)
162 presumably without uncertainty). As long as the existence of preference uncertainty does not
163 vary (or vary less) between devices than satisficing behaviour, prevalence of “don’t know”
164 may still be used as an indicator here. We follow Lindhjem and Navrud (2011b) in their
165 approach. “Protest zero” responses are harder to assess (i.e. due to satisficing or some other
166 fault of the survey or the respondent), but the practical implication is that both “don’t knows”
167 and “protest zeros” typically are taken out of the sample leaving a survey with lower

168 information value and quality. We therefore also include protests as an indicator of (low)

169 quality here.
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170  PCs. On the other hand, De Bruijne and Oudejans (2015) found that
171 multitasking leads to lower concentration levels, and that both smartphone
172 and tablet users were more likely to report multitasking than PC users. This
173 pulls in the opposite direction with respect to response randomness, and the
174 net effect is an empirical question. For smartphones, the results of De Bruijne
175  and Oudejans (2015) pull in the direction of larger randomness compared to
176  PCs, whereas Liebe et al. (2015) indicate somewhat similar levels between
177  smartphones and PCs. Besides lower attentiveness due to multitasking among
178  smartphone respondents, it might be that smaller screens and the associated
179  scrolling and zooming operations wear respondents out and eventually induce
180  a faster pace through the survey, causing more response randomness with
181  smartphones than with PCs. As a final quality indicator, we investigate
182  response consistency by checking internal scope effect with a definition of
183  inconsistency that demands non-decreasing WTP over increasing ES
184  damage. ® This leads to the following five hypotheses (H1-H5), after

185  controlling for self-selection into device:

186 e H1 (level of WTP): The level of WTP differs between mobile device
187 respondents and PC respondents.

188 e H2 (response quality): The shares of “don’t know” responses are
189 greater for mobile device respondents than for PC respondents.

190 e H3 (response quality): The shares of protest zero responses are greater
191 for mobile device respondents than for PC respondents.

192 5 There is a thriving debate about what should be regarded as “adequate” or “plausible” level
193 of scope (Whitehead 2016). We do not go into this debate here but take as a pragmatic stance

194  concluding that lack of internal scope is a sign of potential inconsistency.
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195 e H4 (response quality): Response randomness, measured as the

196 variance of the unexplained variation in WTP, is greater for mobile
197 device respondents than for PC respondents.

198 e H5 (response quality): The share of inconsistent responses, indicated
199 by lack of internal scope effect, is greater for mobile device
200 respondents than for PC respondents.

201 3. Survey design and empirical methods

202 3.1 Survey design

203  We use data from a web survey conducted in October 2015 by the survey
204  company Kantar TNS, which maintains an ISO certified, randomly recruited
205 internet panel of respondents. The purpose was to obtain estimates of WTP
206  for preventive measures to avoid oil spills, and associated loss of ecosystem
207  services (ES), from ship accidents in the coastal areas of Norway, to be used
208 in CBA. The dataset was delivered with paradata such as total time used and
209  the type of device used, in addition to a range of background panel variables.
210  Respondents were told in the survey that due to increased traffic along the
211  Norwegian coast, without new safety measures, an oil spill would happen in
212  the next few years. This oil spill could result in four potential levels of
213  dispersion and ES damages illustrated on a map. There were five such sites
214  distributed across the country, each regional population assessing a spill in
215  their home region. The environmental damage and ES loss associated with
216  each oil spill scenario were illustrated in a table, as shown in Figure 1 (from
217  the spill site in the Oslofjord area). This table described the most important
218  damages to seabirds, seals, the ecosystem more generally (“life in the sea”)

219  and soiling of the coastal zone. The ES terminology was not used directly,
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220  though it is clear that recreation services (incl. consumption of healthy, self-
221  caught seafood) and non-use values associated with protection of coastal
222  ecosystems (incl. biodiversity and specific species) were the most important.
223  Impacts were estimated using oil spill dispersion modelling in combination
224 with a quantitative tool for environmental impact assessment (Jgdestal et al.

225  2001) in combination with expert knowledge.
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With new
measures

Without new measures

Small damage

Medium damage

Equivalent to a spill Equivalent to a spill
of 20 tonnes of of 200 tonnes of
marine diesel bunker oil
200 3000
dead seabirds dead seabirds
Ignorable Populations of
effect on seabird ordinary and
populations vulnerable seabirds
will restitute after
1 year
20 40
dead seals dead seals
Ignorable The population of
effect on the seal seals will restitute
population after
1 year
Ignorable Small
effect on life in the | 9@Mage on life in the
sea 2
Safe to eat fish and
shellfish after
1 year
20 km 30 km
of polluted of polluted i
The area can be The area can be
used as normal in used as normal
less than after
1 year 2 years

Figure 1 Table of ES impacts associated with four oil spill damage levels. Source: Lindhjem et
al. (2016). Translated from Norwegian. [Print in colour, 1.5 column fitting with 300 dpi]
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226  The colour codes matched between the dispersions on the map and the
227  damage levels in the table, to ease the cognitive burden. Respondents were
228  asked to state their WTP to avoid the impacts for each damage level in
229  sequence starting with the small damage, following an advanced disclosure
230  procedure (Bateman et al., 2004). For each scenario, respondents were shown
231  on one screen the table with the green column and one of the four damage
232  columns highlighted (and the other three faded), coupled with the
233  corresponding oil dispersion map (see illustration in Figure 3). The payment
234 vehicle was a one-time tax per household that in its entirety would be used
235  for measures that would avoid the damages with certainty. Respondents were
236  asked to indicate the maximum amount they would be willing to pay to avoid
237  each damage level by sliding a cursor on a payment scale (i.e. a type of

238  payment card) with numbers from zero to NOK 12 000 (Figure 2).°

239 6 Respondents that indicated an amount exceeding 12 000 NOK were asked to specify the

240  exactamount in a follow-up question.
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Figure 2 Payment scale with slider cursor to indicate WTP to avoid environmental damage
resulting from each oil spill scenario. Source: Lindhjem et al. (2016)
[1.5 column fitting with 400 dpi]
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241  Screenshots from a tablet is shown in Figure 3, where the first scenario of
242 “small damage” (yellow colour) is compared with a situation with safety
243  measures achieving “no damage” (green colour). The accompanying map to
244 the right of the table shows the relatively small oil dispersion in this scenario.
245  The look on a PC is similar to a tablet, while on a smartphone zooming and
246  scrolling are required to see all the information and to choose the appropriate
247  WTP. Note that the survey was designed to be relatively robust against
248  differences in web browsers etc. for PC’s, so that such differences should be

249  relatively small.
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Figure 3 The damage scenario table and payment slider as seen by respondents in two screens
using a large tablet, prior to scrolling and zooming. Screenshots from an iPad 2 (9.7-inch
diagonal screen size). [Print in colour, 2 column fitting with 300 dpi]
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250  The survey instrument was developed and thoroughly tested over several
251 years in pilots, focus groups and in personal interviews with survey
252  respondents (see e.g. Navrud et al., 2017).

253 3.2 Empirical methods

254 We use linear regression models and propensity score matching models as the
255 main methods in our analysis. Respondents choose their maximum WTP with
256  lower limit WTP;; and upper limit WTP,;; for i intervals. In our main models,
257  we use interval midpoints as estimates of WTP for each amount WTP;;
258  chosen on the payment scale’. We use propensity score matching (PSM) to
259  control for observable characteristics that may be correlated with both
260  platform choice and WTP response (see e.g. Liebe etal., 2015). PSM involves
261  two steps: First, estimating the probability of being in the “treated” group (in
262  our case, smartphone respondents and tablet respondents, respectively), as a
263  function of observable characteristics that are correlated with platform choice
264  and WTP, by using a Logit model. In the second step, we match observations
265  on the predicted probability of treatment (the propensity score) from the first
266  step. We use a nearest neighbour approach, where observations in the
267  treatment group are matched with the observation in the untreated group with
268  the most similar propensity score. This allows us to estimate the average
269  treatment effect, i.e. the average effect of smartphone and tablet response,
270  respectively, on stated WTP.

271 4. Results

272 4.1 Descriptive statistics

273 7 When there are many amounts in the payment card the difference between this and using

274  aninterval estimation approach should not be large (Mahieu et al. 2012).
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275  The final sample consisted of 5535 respondents and is close to representative
276  of the Norwegian population, except a slight underrepresentation of those
277  below 44 years of age, and an overrepresentation of those above 60 years of
278  age.® The total response rate was 54 per cent®, which is high for this kind of
279  survey. The majority of respondents answered on a PC (68 per cent), while
280 21 per cent and 11 per cent used tablet and smartphone, respectively.
281  Columns (1) to (3) of Table 1 shows mean values for a number of respondent
282  characteristics for the three groups choosing different devices, with standard
283  errors in parentheses. The final three columns show the p-values of t-tests for

284  the null hypothesis of no difference in the means between groups.

285  8As noted, the data were collected in five regions of Norway for five oil spill sites. The
286  survey is otherwise identical across regions, and we have pooled the data without using
287  sampling weights.

288 9 Unfortunately, the survey company did not supply the response rate by device.
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Table 1 Descriptive statistics across platforms; mean values with standard errors in parenthesis,
and P-values of t-tests of the difference in mean across platforms

pC? Tablet” Smartphone® (1) vs. (2), (1) vs.(3), (2)vs. (3),

Q) 2 3) p-value p-value p-value
Age of 52.422 51.617 35.789 0.140 0.000 0.000
respondent (0.269) (0.464) (0.535)
Dummy for 0.440 0.576 0.666 0.000 0.000 0.000
female (0.008) (0.014) (0.019)
hDi;?eTdeSE, 0138 0.094 0135 0.000 0.844 0.009
(MA or PhD) (0.006) (0.008) (0.014)
Household gross 701.952 713.835 759.253 0.285 0.000 0.007
annual income, (5.553) (9.035) (15.445)
thousand NOK
Response time, 87/14 97/14 131/14 0.637/ 0.139/ 0.374/
minutes. 0.009 0.500 0.260
Mean/median
Response time?, 16/14 17/15 22/14 0.000/ 0.000/ 0.000/
minutes. 0.003 0.516 0.155
Mean/median
Platform share 68 % 21 % 11 %
of respondents
Observations 3757 1186 592

a PCs, laptops and netbooks.

b Small, medium and large tablets.
¢ Smartphones with touch screen.
d Without lowest/highest 5 %
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289  Table 1 shows that smartphone respondents are on average younger than both
290 tablet and PC respondents. The share of females is highest for smartphone,
291  then tablet and lastly PC. The share of highly educated respondents is lower
292  for tablet than both PC and smartphone, and household income is on average
293  higher among smartphone respondents (despite their younger age) than both
294  PC and tablet respondents. Hence, the sample shows some degree of self-
295  selection into the devices. With respect to response time, the mean is
296  significantly different across platforms at the 1 per cent level upon exclusion
297  of the lowest and highest 5 per cent. The mean response time increases from
298  PC through tablet to smartphone. Furthermore, median response time is also
299  significantly lower for PC than for tablet.’® The standard deviation of the
300 trimmed response time variable is about four times larger for smartphone
301  compared to PC, but approximately equal between PC and tablet respondents.
302 One possible explanation is more multitasking among the smartphone
303  respondents, and therefore interruptions that could affect the response time.
304  On the other hand, smartphone respondents that are able to complete the
305  survey without interruption seem to complete the survey faster.

306 4.2 Device effects without control for self-selection

307 1 Using a non-parametric median test. The standard deviation in the trimmed response time
308  variable (excluding highest/lowest 5%) is approximately equal for PC and tablet respondents,
309  but four times larger for smartphone respondents, which is the likely cause of the vast
310  difference in p-values compared to the small differences in median response time across

311  platforms, as seen in Table 1.
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312  Wefirst check the differences across platforms in mean WTP, share of protest
313  zero responsest! and share of don’t know responses without controlling for
314  self-selection into devices'?. The results of regression of log WTP on platform
315 dummy variables for the four damage scenarios are given in Table 2, together
316  with shares of protest zero-, don’t know- and inconsistent responses for all

317  three platforms.

318 LA protest zero response is defined by the answer to a WTP follow-up question asking for

319 the response motive, i.e. other reasons than “no utility” or “cannot afford”.
320 12 Respondents were given the opportunity to revise their answers after answering all WTP

321 questions based on a hypothetical bias script, and we consistently use the revised values here.
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Table 2 Platform effects on mean WTP (NOK)?, share of zero responses (0)° and share of don’t
know responses (DK) for four environmental damage levels, and share of inconsistent
responses, without controlling for self-selection. PC responses are the baseline

(1 &) ®) O]
Small damage Medium damage Large damage Very large damage
Reg. 0 DK Reg. 0 DK Reg. 0 DK Reg. 0 DK
coeff. TIP coeff. TIP coeff. TIP coeff. TIP
pPC - 0.17 0.08 - 0.14 0.08 - 0.12 0.08 - 011 0.08
10/90 10/90 10/90 9/91
Smart- 0.233" 0.13 0.03 0.160 0.12 0.03 0.210™ 0.10 0.03 0.166 010 0.03
phone (2.24) 15/85 (1.53) 17/83 (2.03) 14/86 (1.54) 16/84
Tablet 0.101 0.16 0.07 -0.011 0.15 0.06 -0.028 0.13 0.06 -0.091 0.13  0.06
(1.18) 10/90 (-0.13) 8/92 (-0.32) 8/92 (-1.00) 8/92
Const. 4.769™ - - 5.229™" - - 5.639™" - - 5.962"" - -
term (110.24) (124.83) (131.89) (135.14)
Obs. 5147 5535 5535 5157 5535 5535 5156 5535 5535 5144 5535 5535
PC Tablet Smartphone
Share of inconsistent responses 0.07 0.11 0.11
(as defined across damage levels)®
Observations 3757 1186 592

a Don’t know responses removed, all zeros retained. WTP is log transformed and based on payment card interval midpoints. Regression
coefficients are estimated with robust standard errors. t statistics in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01

b The distribution of true- (T) and protest zero responses (P) are given in percent below the respective shares.

¢ Any respondent for which stated WTP decreases over any part of the four (increasing) environmental damage levels is counted as
inconsistent. The given shares are the fractions of the platform responses deemed inconsistent.
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322  Table 2 shows that WTP is significantly higher for smartphone respondents
323  than for PC respondents (baseline) for the small damage level and the large
324 damage level. There is no significant difference for the medium or very large
325  damage levels, nor for tablets. The shares of zero responses are fairly similar
326  across platforms and should therefore have limited impact on any differences
327  in platform effects on WTP. However, smartphone both has the lowest shares
328  of zeros altogether and the highest shares of true zeros. The share of don’t
329  know responses are low and similar for PC and tablet, but for smartphone
330 only about half of that of the others. Since don’t know responses are removed
331 inthe WTP regression, lower prevalence of such responses in the smartphone
332 group would influence WTP. Shares of inconsistent responses are equal for
333 tablet and smartphone, but somewhat lower for PC. There is no guidance in
334 the literature as to “acceptable” shares of inconsistency in SP surveys?3, but
335 there is atendency towards lower internal scope responses on mobile devices.
336  Hence, from a first look at the data, there are some differences between
337  responses by device that influence response quality and mean WTP, but WTP

338 isonly different for two out of four valuation scenarios and for phone

339 13 Normally studies investigate internal scope by testing differences in means for different
340 valuation scenarios. Paired t-tests of mean WTP between each of the damage levels (small
341 versus medium, medium versus large and large versus very large) show that the responses
342 from all three platform subsamples pass this more traditional test of scope. For all three
343 platform subsamples, we can reject that mean WTP for a lower damage level equals mean
344  WTP for a higher damage level, against the alternative hypothesis of greater WTP for the
345 lower damage level at p<0.05. The way we measure scope here is not a pass-fail criterion

346  overall, more an indicator of the degree of inconsistency.
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347  responses only. The question is the extent of the self-selection effect, which
348  we turn to next.

349 4.3 Device effects with control for self-selection

350 4.3.1 Differences in WTP (H1)

351 To address the potential selection bias, we use propensity score matching to
352 compare WTP of smartphone respondents to similar tablet- and PC
353  respondents (see e.g. Liebe et al., 2015). In the first step Logit model, we
354 include variables that are likely to be correlated with both WTP and platform
355  choice and variables that are potentially related to WTP, to reduce the bias of
356  any observed confounders. This includes household income, age, gender and
357  education, distance from the coastline, previous experience with oil spills,
358  trust in the measures to prevent oil spills, use of the area affected in the
359  damage scenarios, membership in an environmental organisation, as well as
360 dummy variables for the five regional samples. Balance analysis on treatment
361  effects show that covariates are fairly balanced in the matched samples of
362  smartphone- and PC respondents, and tablet- and PC respondents. This means
363 that we are comparing respondents that are similar in observable
364  characteristics, but differ in platform choice, with the aim of isolating the
365  effect of platform choice on WTP. As a sensitivity analysis, we have also
366  estimated a Heckman type two-step selection model that aims to control for
367  unobserved factors that are correlated with both selection and stated WTP
368  (see section 4.5). The results from the PSM approach to estimating the effect
369  of platform choice on stated WTP for the four damage levels are shown in

370 Table 3.1

371 1 We use the Stata teffects package, with WTP coded as the midpoint, cf. section 3.2.

Skeie, Magnus Aa.; Lindhjem, Henrik; Skjeflo, Sofie Waage; Navrud, Stale.
Smartphone and tablet effects in contingent valuation web surveys — No reason to worry?. Ecological Economics 2019 ;Volum 165.
DOI10.1016/j.ecolecon.2019.106390 CC-BY-NC-ND



Table 3 Average treatment effect of smartphone and tablet response on WTP (NOK) to avoid
four damage levels.? Propensity score matching using nearest neighbour matching

Log WTP Log WTP Log WTP Log WTP
Small damage Medium damage Large damage Very large
damage
Dummy for response by 0.316™ 0.224 0.249 0.150
smartphone w/PC (2.01) (2.37) (1.27) (0.73)
baseline
Dummy for response by 0.0148 -0.138 -0.0983 -0.144
tablet w/PC baseline (0.14) (-1.32) (-0.92) (-1.21)
Observations 3773/4291 3777/ 4296 3774/4297 3766/4290

(smartphone/tablet)
a Don’t knows removed, all zeros retained. t statistics in parentheses,* p < 0.10, ™ p < 0.05, ™ p < 0.01.
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372 We find that the positive association between smartphone and WTP to avoid
373  the small damage level is robust, but there is no significance for the other
374  damage levels, nor for tablets.

375  4.3.2 Shares of don"t know responses and protest zero responses (H2
376  and H3)

377  We make further use of the PSM approach to address selection bias in
378  observed shares of “don’t know” and protest zero responses. The results for

379  the share of “don’t know” responses are shown in Table 4.
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Table 4 Average treatment effect of smartphone response on share of “don’t know” responses.
Propensity score matching using nearest neighbour matching

WTP = WTP = WTP = WTP = WTP=
“Don’tknow”  “Don’tknow”  “Don’tknow”  “Don’t know”  “Don’t know”
Small damage Medium Large damage Very large all damage
level damage level level damage level levels
Dummy for -0.0591™" -0.0596™" -0.0337™ -0.0586™" -0.0502""
response by (-8.68) (-8.97) (-1.96) (-8.37) (-7.80)
smartphone w/PC
baseline
Dummy for -0.0244™ -0.0322"" -0.0328™" -0.0363™" -0.0309™"
response by tablet (-2.45) (-3.37) (-3.50) (-4.01) (-3.64)

w/PC baseline

Observations

(smartphone/tablet) 4041/4612 4041/4612 4041/4612 4041/4612 4041/4612
t statistics in parentheses, * p < 0.05, ™ p < 0.01, ™ p < 0.001
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380  The results show that the share of “don’t know” responses to the WTP
381  questions, somewhat surprisingly, is significantly lower among tablet and
382  smartphone respondents compared to matched PC respondents, for all
383  valuation scenarios. Hence, the higher share we observed among smart phone
384  respondents in Table 2 is more than reversed when controlling for self-
385  selection; in fact, both smartphones and tablets reduce rather than increase
386  the share of don’t know responses as compared to PC among similar-type
387  respondents.

388  The results for the share of protest zero responses are shown in Table 5. We
389  find that the share of protest zeros is somewhat lower for smartphone (small

390 damage level), but higher for tablet (medium and large damage levels).
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Table 5 Average treatment effect of smartphone response on share of protest zero responses.?
Propensity score matching using nearest neighbour matching

Zero WTP, Zero WTP, Zero WTP, Zero WTP, Zero WTP, all
small damage medium large damage very large damage levels
level damage level level damage level

Dummy for -0.0456™ -0.0109 -0.0123 -0.00859 -0.0193
response by (-2.07) (-0.52) (-0.57) (-0.35) (-0.89)
smartphone w/PC
baseline
Dummy for 0.00759 0.0316™ 0.0199 0.0238" 0.0141
response by tablet (0.47) (2.01) (1.37) (1.76) (0.99)
w/PC baseline
Observations 3707/4218 3724/4242 3730/4249 3727/4292 3425/3898

(smartphone/tablet)
a True zero-responses are excluded. t statistics in parentheses, " p < 0.10, ™ p < 0.05, ™ p < 0.01
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391 4.3.3 Response randomness (H4)

392  We have defined response randomness as the variance of the unexplained
393  variation in WTP after controlling for relevant observable characteristics. In
394 our view this is analogous to using scale in random utility models for analysis
395  of response randomness in CE (see e.g. Liebe et al., 2015). Firstly, we
396  estimate the following regression model: log WTP; = x;' B + u;, where x;" is
397  avector of explanatory variables with associated estimated parameters g and
398 u;~N(0,0). Included explanatory variables are shown in Appendix A. We
399  do not control for the platform used, as we want the platform choice to be left
400 in the residual, representing the random component of WTP. Secondly,
401  regression residuals u; are predicted and kept for subsequent analysis. Plots
402  of their distribution show that u;~N(0, o). This means we have isolated a
403  (practically) random component of stated WTP.

404  To compare response randomness across platforms we use Levene’s test for
405  homogeneity of variances to compare the variances of the predicted residuals
406  from our regression model of WTP for each damage level. The results are

407  shown in Table 6.
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Table 6 Levene’s test® for homogeneity of variance in predicted residuals®

Small Medium Large Very large

damage level damage level damage level damage level

Smartphone vs. PC - (p=0.000) ™ - (p=0.035) ™" - (p=0.002) ™ - (p=0.006) ™
Tablet vs. PC - (p=0.672) - (p=0.766) + (p=0.676) - (p=0.599)

a The table reports p-values from Levene’s test, testing Ho: Variances are equal, against Hi: (At least one of the)
variances are unequal (to the others.) The minus and plus signs report lower and higher variance, respectively,
for smartphone/tablet users than for PC users, as found in the test.

b Don’t knows removed. All zeros retained in order to capture platform variance irrespective of WTP response
motive. “p <0.10, ™ p < 0.05, ™ p < 0.01
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408  The results show, somewhat surprisingly, that response randomness is
409  significantly lower for smartphone respondents than for PC respondents. We
410 do not find any significant difference between tablet respondents and PC
411  respondents.

412  4.3.4 Response inconsistency (H5)

413  Our final quality indicator is the share of response inconsistency across
414  platforms, using internal scope as an indicator. We test differences with a
415  definition of inconsistency that only demands non-decreasing WTP over
416  increasing ES damage. We again use the PSM approach to estimate the effect
417  of platform choice on the probability of inconsistent response. The results are

418 shown in Table 7.
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Table 7 Average treatment effect of smartphone and tablet response on share of inconsistent
responses®. Propensity score matching using nearest neighbour matching

Share of inconsistent responses

Dummy for response by smartphone w/PC baseline 0.120™
(2.67)

Dummy for response by tablet w/PC baseline 0.0506™"
(3.93)

Observations (smartphone/tablet) 4041/4612

a Don’t knows removed, all zeros retained. t statistics in parentheses. * p < 0.10, ™ p < 0.05, ™ p < 0.01
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419  Smartphone respondents have a significantly higher share of inconsistent
420  responses than PC respondents, after matching on propensity scores. The
421  same finding holds for tablet users. Hence, the tendency observed in Table 2
422 is robust when controlling for self-selection.

423 4.4 Summary of test results

424 Table 8 sums up our tests of platform effects on WTP level and response

425  quality.
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Table 8 Test results for mean WTP and indicators of response quality.

Test approach Result (p<0.05)

H1  Level of WTP differs across platforms  Propensity score Partially confirmed for

matching smartphone; higher WTP for
smartphone at small ES damage
level.

H2  Greater share of “don’t know” Propensity score Rejected for both smartphone and
responses among mobile device matching tablet; lower share for all ES
respondents than PC respondents damage levels

H3  Greater share of protest zero Propensity score Partially rejected for smartphone
responses among mobile device matching (lower share for small damage
respondents than PC respondents level, otherwise no significance),

some indication of confirmation
for tablet for medium and very
large ES damage levels.

H4  Greater response randomness among Levene’s test of Rejected for both smartphone and
mobile device respondents than PC homogeneity of tablet; lower response
respondents variance of residuals ~ randomness for smartphone for

small, large and very large ES
damage levels.

H5  Greater share of inconsistent Propensity score Confirmed for both smartphone

responses (internal scope insensitivity)
among mobile device respondents than

PC respondents.

matching

and tablet.
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426 4.5 Robustness and further checks

427  We found in section 4.3.2 that smartphone respondents are less likely to
428 answer protest zero. To isolate any effects of zero responses, we have
429  therefore done the same PSM analysis for positive WTP responses only (see

430 Table9).
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Table 9 Average treatment effect of smartphone and tablet response on WTP (NOK) to avoid
four damage levels. Propensity score matching using nearest neighbour matching, positive
WTP only?

1) ) @) (4)
Log WTP Log WTP Log WTP Log WTP
midpoint, small midpoint, medium midpoint, large midpoint, very
damage damage damage large damage
Dummy for response by 0.200" 0.226™ 0.144 0.136
smartphone w/PC (1.65) (2.31) (1.42) (1.04)
baseline
Dummy for response by 0.0362 0.0140 0.0355 -0.000530
tablet w/PC baseline (0.62) (0.26) (0.60) (-0.01)
Observations 3095/3502 3231/3652 3292/3717 3310/3743

(smartphone/tablet)
aDon’t knows and all zeros removed. t statistics in parentheses. * p < 0.10, ™ p < 0.05, ™ p < 0.01
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431  We still find significantly higher WTP to avoid the small damage for
432 smartphone, and in addition, the coefficient on medium damage is also
433  significant. There is still no difference between tablet and PC. We have also
434 rerun the analysis of response randomness using only positive WTP, and we
435  still find significantly lower residual variance for the smartphone responders
436  than the PC responders, but no difference for the tablet responders.*®

437  Finally, the PSM approach matches respondents based on their propensity to
438 choose platform, given the information about observed respondent
439  characteristics from the survey. However, there may still be unobserved
440  characteristics of the respondents that are both correlated with platform
441  choice and WTP, creating an endogenous selection bias. As a sensitivity
442  analysis, we have used the Heckman two-step selection model, which aims to
443  control for endogenous selection effects by estimating the platform decision
444 in a first step, and the WTP response in a second step, allowing for the two
445  parts of the model to depend on each other (see for instance Cameron and
446  Trivedi, 2009). In the selection step for smartphone versus PC and tablet
447  versus PC, we include the same explanatory variables as we used in the PSM
448  approach (cf. section 4.3.1). In the model for the outcome of interest the same
449  explanatory variables are included, but also the term known as the non-
450  selection hazard from the selection model, to account for correlation between
451  the error term in the selection equation and the main model. Table 10 shows

452  the results of estimating the model for WTP.

453 5 Results available upon request.
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Table 10 Linear regression with endogenous treatment effects of platform choice on WTP
(NOK)? (two-step model)®

1) ) ©) (4)
Log WTP Log WTP Log WTP Log WTP
midpoint, small midpoint, medium midpoint, large midpoint, very
damage damage damage large damage
Dummy for response by -1.082 -1.265 -0.908 -1.119
smartphone w/PC (-1.55) (-1.86) (-1.31) (-1.55)
baseline
Dummy for response by -1.600 -0.605 -0.625 -0.325
tablet w/PC baseline (-0.69) (-0.26) (-0.26) (-0.13)
Observations 3773/4291 3777/4296 3774/4297 3766/4290

(smartphone/tablet)
a Don’t knows removed, all zeros retained.
b Using the Stata command -etregress- with the two-step option. The same explanatory variables are used in the
selection step and the main model. t statistics in parentheses. “p <0.10, ™ p < 0.05, ™ p < 0.01
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454 We do not find any significant effects of smartphone or tablet response on the
455  level of WTP; the previously negative effect for the small damage level for
456  smartphone is now insignificant (cf. Table 3). Table 11 summarizes the

457  results of equivalent model estimation for the quality indicators.®

458 16 Estimation results are available upon request. Response randomness (H4) is not eligible

459 for this analysis as we exclude platform choice from the model (see section 4.3.3).
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Table 11 Summary of test results for the quality indicators using linear regression with
endogenous treatment effects (two-step model)

Dependent variable Smartphone vs. PC? Tablet vs. PCP

H2 Dummy for don’t know Significant, negative effect for No significant effects
response all damage levels

H3  Dummy for protest zero No significant effects No significant effects
response®

H5 Dummy for inconsistent No significant effects No significant effects
response’

a Regression coefficient on dummy for smartphone, four ES damage levels.
b Regression coefficient on dummy for tablet, four ES damage levels.

¢ True zero responses removed.

d Don’t knows removed, all zeros retained.

Skeie, Magnus Aa.; Lindhjem, Henrik; Skjeflo, Sofie Waage; Navrud, Stale.
Smartphone and tablet effects in contingent valuation web surveys — No reason to worry?. Ecological Economics 2019 ;Volum 165.
DOI10.1016/j.ecolecon.2019.106390 CC-BY-NC-ND



460 For the quality indicators, the previously statistically significant impacts
461  reported in the main results are either no longer statistically significant or with
462  weaker significance. However, in the absence of a valid instrumental variable,
463 i.e.avariable that predicts platform choice but is uncorrelated with WTP, the
464  selection model may suffer from high collinearity between the selection
465  correction term and the explanatory variables in the WTP model, yielding
466  inconsistent estimates (Puhani, 2000). Since we do not have a valid
467  instrument for platform choice in our data, we cannot solve the potential
468  endogenous selection problem; only an experimental approach randomly
469 allocating respondents to different platforms would.

470 5. Discussion and conclusions

471  We have investigated whether the choice of technical platform or device —
472  smartphone, tablet or laptops and stationary computers (PCs) — from which
473  to answer a CV web survey affects estimates of WTP and data (response)
474 quality. When provided with the choice of their device of preference,
475  younger, female and higher income earners have a tendency to choose
476  smartphones over PCs to answer the survey. Tablet and smart phone users
477  spend more time on the survey. These results are similar to the CE study of
478  Liebe etal. (2015). There are also some differences in other characteristics of
479  respondents. To disentangle self-selection effects from device effects, we use
480  propensity score matching. In estimates of mean WTP, controlling for
481  potential self-selection bias in this way, there is no clear evidence in the data
482  of systematic differences between PC, tablet and smartphone responses.
483  Admittedly, mean WTP for smartphone is found to be significantly different

484  (higher), but only for the first out of four sequential WTP questions each
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485  respondent answers, i.e. WTP for avoiding the smallest ES loss’. For tablets,
486  which have both technical characteristics (e.g. screen size) and usage more
487  similarto PCs, there is, perhaps more as expected, no difference in mean WTP
488  compared to PC responses. Similarly, Liebe et al. (2015) find in their CE
489  study, also using PSM, some differences in implicit prices but not in a
490 unidirectional way. Hence, both from their findings and ours, it seems likely
491  that choice of device does not have systematic or large effects on estimated
492  welfare measures, even for relatively complex SP surveys with much visual
493  and textual information and WTP questions that require some technical skill
494  to respond to, especially on smartphones. In our CV case some degree of
495  scrolling and zooming on smartphone was required and the payment card
496  slider needed to be moved to reply to the WTP questions using the touch
497  screen.

498  Comparing survey (response) quality between devices, results are mixed,
499  starting with response randomness, defined as the variance of the unexplained
500 variation in WTP after controlling for relevant observable characteristics.
501  Thisis similar to using scale in random utility models for analysis of response
502  randomness in CE. For this indicator we find lower response randomness for
503  smartphone responses, indicating somewhat higher response quality. Where
504  Liebe et al. (2015) find a U-shaped relationship between error variance and
505  screensize using (which implies that tablet error term variance is smaller than
506  smartphone error term variance), we find no such relationship. It is difficult

507  to interpret the underlying mechanisms of our results, and it may be that our

508 17 This effect disappears when we use a Heckman two-step selection model as an

509 alternative to the PSM approach (cf. Section 4.5).
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510 use of payment card could also tempt low-effort respondents to choose
511  midpoints on the payment scale, as e.g. suggested by Lindhjem and Navrud
512  (2011b), giving less variation in the data, including random variation.
513  Regarding the choice of don’t knows, and to a lesser extent for protest zeros,
514  we also find a similar result, i.e. that the tendencies to choose these responses
515  are lower on smartphones than on PCs. Tablet users also tend to choose don’t
516  knows less often than PC users, but protest zeros more for some WTP
517  questions. Again, it is difficult to interpret the underlying mechanisms, as we
518 have not investigated how exactly respondents use their devices to answer the
519  surveys (e.g. through observing them or using eye tracking etc.). Regarding
520 choice inconsistency, interpreted as insensitivity to internal scope, we find a
521  relatively clear and robust result in favour of PC responses, but again we do
522  not know the reasons why and can only speculate. In any case, the shares of
523  such responses are not high enough to question the validity of the overall data
524 from mobile devices. Overall, results on response quality is not consistently
525 or clearly in the disfavour of smartphones or tablets'®, much in the same way
526  Lindhjem and Navrud (2011a,b) concluded that Internet responses appeared
527  to be of no lower quality or validity compared to other survey modes, and
528  especially compared to the gold standard of personal interviews. Liebe et al.
529  (2015) conclude in much the same way in terms of CE data quality on
530 smartphones and tablets. The result that mobile devices seem not to reduce
531  data quality much, is also supported by other studies from the general survey
532  methodology literature, though there are not yet many such studies (see e.g.

533  Antoun et al. 2017; De Bruijne and Wijnant, 2013; Drewes, 2014).

534 8 This conclusion also holds when we use the Heckman two-step selection model.
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535  There are some possible weaknesses with our study. Firstly, in the absence of
536 a randomized controlled experiment in the assignment of platform the
537  respondents should use, there may be unobserved, confounding effects on
538  responses due to self-selection that cannot be controlled for by use of PSM.
539  However, as noted earlier, it is also not easy to conduct a high-quality
540  randomized experiment, as people may refuse to follow instructions or not
541  reply (as has been found in some studies, e.g. Drewes 2014, De Bruijne and
542  Wijnant 2013). Secondly, we have not been able to distinguish between
543  effects related to differences in response context and technical attributes of
544 thedevices. It would have been an advantage to have some information, either
545 in the form of paradata from the survey company or direct questions in the
546  survey, to investigate features like multitasking, answers “on the go”,
547  presence of other people etc. Finally, as pointed out by Lindhjem and Navrud
548  (2011a), much is still unknown in the literature about what causes survey
549  mode effects, and more work should be put into understanding this question.
550 Inthe meantime, even if it is early days for understanding response behaviour
551 and effects of the entry of mobile devices into SP research, we can conclude
552  from this study and that of Liebe et al. (2015) that results do not seem to
553  support early fears of significant loss of quality and the need to discourage
554  so-called unintended mobile respondents (e.g. Peterson, 2012, Peytchev and

555  Hill, 2010)
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556  Appendix A
557  Table Al shows the regression results from the regression specified in section

558  4.3.3 that is used to predict residuals for the test of response randomness.
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Table Al Regression analyses of platform effects on WTP (NOK) to avoid ecosystem service
losses from accidental marine oil spills from ships. Linear regression with midpoint estimates
of WTP and robust standard errors

1) ) @) (4)
Log WTP Log WTP Log WTP Log WTP
midpoint, small midpoint, medium  midpoint, large midpoint, very
damage damage damage large damage
Log household gross 0.0397 0.0981" 0.129™ 0.186™"
annual income, NOK (0.66) (1.68) (2.23) (3.09)
Log age of respondent -7.295™" -9.967" -10.82" -11.22
(-3.68) (-5.45) (-6.01) (-6.05)
Log age of respondent 0.974™ 1.308™" 1.401™ 1.443™
squared (3.68) (5.34) (5.80) (5.79)
Dummy variable for 0.594™" 0.535™" 0.469™" 0.421™
female (8.29) (7.65) (6.62) (5.75)
Dummy variable for 0.432" 0.505™" 0.558™" 0.579™"
higher educ, MA or PhD  (4.54) (5.50) (6.00) (6.01)
Log distance from -0.0177 -0.0349 -0.0269 -0.0521"
ocean, km (-0.61) (-1.25) (-0.94) (-1.78)
Used area affected by 0.252" 0.314™ 0.295™" 0.325™
very large damage last (3.08) (3.96) (3.64) (3.83)
12 months
Previous experience 0.277 0.243™" 0.246™" 0.256™"
with oil spill damage (3.06) (2.76) (2.75) (2.75)
Membership in recr. 0.373™ 0.391™ 0.435™" 0.495™"
and/or environm. org (4.43) 4.77) (5.21) (5.75)
Very important to 0.530™" 0.416™" 0.399™" 0.408™"
prevent oil spills (7.37) (5.87) (5.55) (5.49)
High trust in measures 0.707™" 0.733™ 0.704™" 0.704™
to prevent oil spills (9.59) (10.09) (9.52) (9.20)
Southern Norway -0.207" -0.237" -0.277 -0.337"™"
sample (-1.83) (-2.15) (-2.45) (-2.87)
Western Norway sample  0.157 0.131 0.0772 0.00965
(1.51) (1.31) (0.77) (0.09)
Mid Norway sample 0.0817 0.0454 -0.0243 -0.0454
(0.74) (0.43) (-0.23) (-0.41)
Northern Norway 0.138 0.0149 -0.0447 -0.0617
sample (1.16) (0.13) (-0.37) (-0.49)
Constant 16.57"" 21.62"" 23.59™" 24.12™
(4.69) (6.66) (7.34) (7.27)
Observations 4828 4835 4833 4825

t statistics in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01
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559  The association between the control variables and stated WTP seems
560 reasonable and is evidence of general validity. The income elasticity is
561 increasing in the severity of the environmental damage level. WTP is
562  decreasing with age, but at a decreasing rate, for all damage levels. Female
563  respondents and highly educated respondents have significantly higher WTP
564  for all damage levels. We find no evidence of distance decay from the coast,
565  which is not implausible due to the likely presence of non-use values.
566  Previous use of the area affected by the very large damage scenario is
567  positively associated with WTP, as is previous experience with oil spill
568 damage, for all damage levels. Membership in environmental and/or
569 recreational organizations is positively associated with WTP for all damage
570 levels. Respondents who state that it is very important to prevent oil spills,
571 and who claim to have high trust in measures proposed to prevent oil spills,
572  also on average state a higher WTP.
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