[bookmark: _Toc523421615][bookmark: _Toc523429416][bookmark: _Toc524095717][bookmark: _Toc524096141][bookmark: _Toc524252256][bookmark: _Toc524254104][bookmark: _Toc524255931][bookmark: _Toc524285756]Appendix A
Table A1
[bookmark: _Toc523429035][bookmark: _Toc523429280][bookmark: _Toc523475270][bookmark: _Toc523476303]
Littergram TDF statements.
	Sources of Behaviour 
(COM-B Model)
	TDF
	Statements

	Capability
	Psychological
	Knowledge
	I know that the goal of Littergram is to become a tool through which local councils are notified of litter, so that they can clean it up.

	
	
	
	I know how to post on Littergram.

	
	
	Cognitive and interpersonal skills
	I have the skills necessary to use Littergram.

	
	
	
	I have prior experience posting on Littergram.

	
	
	Memory, attention and decision processes
	I often forget to post on Littergram.

	
	
	
	There are often distractions online, or around me, which prevent me from posting on Littergram.

	
	
	
	It is easy for me to decide whether what I see is “litter” and, therefore, whether I should post a picture of it on Littergram.*

	
	
	Behavioural regulation
	Posting on Littergram is something I would do automatically, without thinking.

	
	
	
	I can keep track of my overall progress in using Littergram, i.e. the number of pictures I post.

	
	
	
	I would monitor whether the litter of which I post pictures on Littergram does get cleaned up by my local council.

	Opportunity
	Social
	Social influences
	Most people who are important to me would think it is a good idea to post on Littergram.

	
	
	
	I know other people who post on Littergram.

	
	Physical
	Environmental context and resources
	My local council knows about Littergram.

	
	
	
	My local council reacts to what is being posted on Littergram.

	
	
	
	I regularly use a smart phone.*

	Motivation
	Reflective
	Social/professional role and identity
	Posting on Littergram is part of my responsibility as a Littergram user.

	
	
	
	Posting on Littergram is consistent with who I am.

	
	
	Beliefs about capabilities
	I can post on Littergram even if other people are not motivated to do so.

	
	
	
	I can post on Littergram even if I have little time.

	
	
	Optimism
	I feel optimistic about the impact that posting on Littergram can have.

	
	
	Intention
	I will post on Littergram in the next seven days.

	
	
	Goals
	I have an idea of what pictures to post on Littergram.

	
	
	
	I know under what circumstances to post on Littergram.

	
	
	
	Posting on Littergram is often less urgent for me than doing other things.*

	
	
	Beliefs about consequences
	Posting on Littergram will benefit the place where I live.

	
	
	
	Posting on Littergram can make a change.

	
	
	
	If I post on Littergram, the litter will get cleaned up by a local council.*

	
	
	
	The more I post on Littergram, the greater the chance that a local council will clean up the litter.

	
	Automatic
	Reinforce-ment
	I would get recognition from people who are important to me if I posted on Littergram.

	
	
	
	Getting material rewards, or other incentives, for posting on Littergram would motivate me to do it more often.

	
	
	
	If I knew that litter I post pictures of does get cleaned up by a local council, I'd use Littergram more often.

	
	
	Emotion
	Posting on Littergram makes me feel good.

	
	
	
	Posting on Littergram is boring or annoying.



* Statements marked with an asterisk were removed from the analysis after conducting a Cronbach-Alpha analysis. See the Internal consistency of TDF scales section in Chapter 4. 
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Table A2
Littergram intervention email schedule.
	Time
	Group 1 dates
	Group 2 dates
	BCT
	Email content

	Week 1
	Friday
	16 Jun 2017
	30 Jun 2017
	Social and environmental consequences
	First of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	20 Jun 2017
	4 Jul 2017
	(Monitoring of) Emotional consequences
	First of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	22 Jun 2017
	6 Jul 2017
	Self-monitoring of behaviour
	First of six emails with information on how many pictures the person posted in the last seven days

	Week 2
	Friday
	23 Jun 2017
	8 Jul 2017
	Social and environmental consequences
	Second of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	27 Jun 2017
	12 Jul 2017
	(Monitoring of) Emotional consequences
	Second of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	29 Jun 2017
	13 Jul 2017
	Self-monitoring of behaviour
	Second of six emails with information on how many pictures the person posted in the last seven days

	Week 3
	Friday
	30 Jun 2017
	14 Jul 2017
	Social and environmental consequences
	Third of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	4 Jul 2017
	19 Jul 2017
	(Monitoring of) Emotional consequences
	Third of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	6 Jul 2017
	21 Jul 2017
	Self-monitoring of behaviour
	Third of six emails with information on how many pictures the person posted in the last seven days

	Week 4
	Friday
	8 Jul 2017
	22 Jul 2017
	Social and environmental consequences
	Fourth of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	12 Jul 2017
	25 Jul 2017
	(Monitoring of) Emotional consequences
	Fourth of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	13 Jul 2017
	27 Jul 2017
	Self-monitoring of behaviour
	Fourth of six emails with information on how many pictures the person posted in the last seven days

	Week 5
	Friday
	14 Jul 2017
	28 Jul 2017
	Social and environmental consequences
	Fifth of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	19 Jul 2017
	1 Aug 2018
	(Monitoring of) Emotional consequences
	Fifth of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	21 Jul 2017
	3 Aug 2017
	Self-monitoring of behaviour
	Fifth of six emails with information on how many pictures the person posted in the last seven days

	Week 6
	Friday
	22 Jul 2017
	4 Aug 2017
	Social and environmental consequences
	Sixth of six emails with information on positive consequences of posting on Littergram or negative consequences of not posting on Littergram

	
	Tuesday
	25 Jul 2017
	8 Aug 2017
	(Monitoring of) Emotional consequences
	Sixth of six emails with a request to evaluate how posting/not posting on Littergram in the previous seven days made the person feel

	
	Thursday
	26 Jul 2017
	10 Aug 2017
	Self-monitoring of behaviour
	Sixth of six emails with information on how many pictures the person posted in the last seven days

	Post-intervention survey
	8 Aug 2017
	22 Aug 2017
	-
	First email with the post-intervention survey link

	
	17 Aug 2017
	31 Aug 2017
	-
	Second email with the post-intervention survey link





Figure A1
Emails with TDF survey link.
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Figure A2

Positive frame emails with Social and environmental consequences message/BCT.
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Figure A3
Negative frame emails with Social and environmental consequences message/BCT.
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Figure A4

Example email with (Monitoring of) Emotional consequences message/BCT.
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Figure A5
Example email with Self-monitoring of behaviour message/BCT.
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Figure A6

Emails with a request to participate in the manipulation check study.
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Appendix B

Addressing Serial Dependency & Seasonality 

While the simple regression analysis indicated that the intervention was effective, the results need to be interpreted with caution since Littergram usage on subsequent days may have been autocorrelated, i.e., usage on a day could depend on usage on previous days. Indeed, as a Ljung-Box test (Figure B1) showed, there was a serial dependency in the residuals, showing significant results for lags up to 20, implying autocorrelation. In such a case, the standard errors of the estimates shown earlier could be biased (Gujarati, 2009). 
Figure B1
Ljung-Box test statistics for residuals.
[image: Macintosh HD:Users:karan:boxtest1.png]

To determine the order of autocorrelation, residual autocorrelation (ACF) and partial autocorrelation functions (PACF) were plotted. ACF describes correlation between two points at lag ki, e.g. ACF at lag one is a correlation between two consecutive points in time (e.g. day 1 vs. day 2), while ACF at lag two is a correlation between alternate points (e.g. day 1 vs. day 3). These correlations were significant for lags one, nine, 10 and 16. 
Partial autocorrelation functions, on the other hand, are values for 
a k-th lag when    (error term of a typical interrupted time series model, which takes the form of 𝑌𝑡=𝛽0+𝛽1𝑇+𝛽2𝑋𝑡+𝛽3𝑇𝑋𝑡+𝜀𝑡) is regressed on k lagged terms. In other words, it indicates whether, after controlling for previous lags, a k-th lag is significant. As the analysis showed (see Figure B2), the partial autocorrelation between residuals was significant for lags one, nine and 16, indicating possible autocorrelation in data for lags one, nine and 16.
Figure B2
ACF and PACF residuals
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To address the possible influence of these autocorrelations on the estimation of the effectiveness of the intervention, Autoregressive Integrated Moving Average (ARIMA) modelling was conducted, which takes into account dependency in the dependent variable and in forecast errors. The general formula of ARIMA (p,d,q.) is:



where p is the number of lags of dependency in the dependent variable ()   ; q is the number of lags of dependency in error terms (;  forecast errors); and d is the order of difference needed to make the series stationary, i.e., so that the mean and variance do not change over time.

Pre-intervention vs. intervention Littergram activity. 

The model was estimated using the Box-Jenkins (1976) approach, as described by Enders (2014). According to this method, before the order of serial dependency is applied, the data need to be made stationary, i.e. the mean, variance and autocorrelation need to be constant over time. Augmented Dickey-Fuller Test (–9.12, p<0.01) and a KPSS test (0.053 p>0.1) showed the Littergram data were stationary and therefore no differencing was applied.

The next step, according to the Box-Jenkins approach, is to choose the number of lags of dependency in the residuals. AR(1) was selected as appropriate in this case, since both the ACF and PACF were significant at lag one. Moreover, most behavioural data can be explained by AR(1) processes (Hartman el al., 1980).

The residual dependency coefficient    was significant (p=.000), confirming the need for the use of this modelling technique (see Table B1). On average, the observed error was .261 of the observed error in a previous time period. In line with the previously presented results, there was no significant pre-intervention trend. However, the model showed that during the intervention period the expected number of posts was significantly increasing, by 0.79 (          ) posts per day (p<.001; 95% confidence intervals .43 to 1.28).
Table B1
ITS-ARIMA model comparing 3 Months Pre with Intervention periods.
	No of observations
	140

	AIC
	1188.97

	BIC
	0.480

	Residual Std. Error
	15.25 (df = 135)

	
	Number of posts

	AR(1) component (
	.26*** (.082)

	Pre-intervention slope 
	-.07 (.082)

	Level Change after Intervention 
	8.87 (7.09)

	Slope Change after Intervention (
	.86*** (.21)

	Intercept (
	41.35*** (4.33)


















Figure B3
ARIMA model fit (3 months Pre vs Intervention)
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Additional analysis showed that no further lags were required (see Figures B4 and B5 for an additional Ljung-Box test and ACF/PACF plots), indicating that with the use of this modelling technique the residuals became white noise, as expected in field experiment data. Moreover, the analysis indicated there was still seral correlation at lag 16. Adding this to the model did not influence     and     in a significant way, therefore subsequent analyses were conducted using this model. 

Figure B4
ARIMA Box-Jenkins test statistics for residuals.
[image: Macintosh HD:Users:karan:boxtest5.png]



Figure B5
ARIMA ACF and PACF residuals.
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Intervention vs. post-intervention Littergram activity 

Next, analogous to the approach described earlier, we compared the average number of pictures posted on Littergram in the three months after the intervention to the intervention period (Table B2). As previous analyses showed, there indeed was a significant decrease in usage. Littergram users posted 1.48 pictures less per day (    -    ; p=.000; 95% confidence intervals -2.09 to -.85) in comparison to the intervention period, showing that the inclusion of autocorrelation did not impact the conclusion regarding the effectiveness of the intervention. 

Table B2
ARIMA model comparing Intervention and 3 Months Post periods.
	No of observations
	140

	AIC
	1245.1

	BIC
	1262.75

	Residual Std. Error
	19.85 (df = 135)

	
	Number of posts

	Error AR (1) component (
	.26*** 
(.08)

	Slope during Intervention (
	.42 
(.19)** 

	Level change after intervention (
	-27.03*** 
(10.50)

	Slope change after intervention (
	-1.48*** 
(.32)

	Intercept 
	53.45*** 
(6.09)




Figure B6
ARIMA model fit (Intervention vs. 3 Months Post).
[image: Macintosh HD:Users:karan:fitted2.png]

Seasonality

While all the results demonstrated that Littergram usage grew in the time of the intervention and then dropped after the intervention ended, what remained unanswered was a question regarding seasonality. It could be that the changes were seasonal, with more people using Littergram in early summer (mid-June to August, i.e. the intervention period) than in late spring (mid-March to mid-June). To address this question, a trend analysis was conducted, on data from 2016 equivalents of the key analysis periods, i.e. the three months pre-intervention equivalent (16th March to 15th June, 2016) and the intervention period (16th June to 4th August, 2016). 
On average, Littergram usage grew during the pre-intervention 2016 equivalent period by .318 posts per day, which, as was mentioned earlier, can be explained by a steadily growing in userbase.  There were no significant changes in usage trend during the intervention equivalent. Since no such increase happened in the previous year, these results indicate that the increase in usage during the intervention was not a seasonal occurrence but rather an effect of the intervention itself. 
Table B3
ARIMA model comparing 2016 3 Months Pre and 2016 Equivalent periods.
	No of observations
	141

	AIC
	1114.53

	BIC
	1135.17

	Residual Std. Error
	12.077 
(df = 135)

	
	Number of posts

	Error AR (1) component )
	.911*** 
(.050)

	Error MA (1) component 
	-.606***
(.087)

	Slope pre-intervention in 2016 
	. 318*** 
(.094)

	Level change on intervention day in 2016 
	-15.097 
(9.765)

	Slope change 
	.281 
(.366)




Figure B7
ARIMA model fit (2016 three months pre versus 2016 equivalent).
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Appendix C

	Table C1 
Heterogeneity of intervention effect across time

	
	First Half of Intervention Period
	Second Half of Intervention Period

	Pre Intervention Slope
	-0.0749
	-0.069

	
	(-0.0842)
	(-0.1033)

	Level Change After Intervention
	7.2608
	24.7125*

	
	(-9.0841)
	(-10.7722)

	Slope Change After Intervention
	1.2623**
	1.2613**

	
	(-0.4878)
	(-0.4836)

	Constant
	69.0478*
	66.6993

	
	(-34.2853)
	(-42.0348)

	ARMA
	
	

	AR(1) Component
	0.3071**
	0.2828**

	
	(-0.0849)
	(-0.0945)

	Number of Observations
	115
	115

	Note. Standard errors in parentheses. +, *, and ** indicate the 10%, 5% and 1% levels of statistical significance, respectively.




	Table C2 
Heterogeneity of intervention effect by prior usage

	
	Active Users
	Inactive Users

	Pre Intervention Slope
	-0.0716
	0.0003

	
	(0.0936)
	(4.2033)

	Level Change After Intervention
	1.1970
	8.4821

	
	(8.6842)
	(29.2708)

	Slope Change After Intervention
	0.7916**
	0.0724

	
	(0.2348)
	(4.2038)

	Constant
	34.8182**
	0.0181

	
	(5.5182)
	(29.3720)

	ARMA
	
	

	AR(1) Component
	0.2415**
	0.1257**

	
	(0.0776)
	(0.0470)

	Number of Observations
	140
	140

	Note. Standard errors in parentheses. +, *, and ** indicate the 10%, 5% and 1% levels of statistical significance, respectively.
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LitterGram survey in collaboration with the
University of Warwick

Please take a moment to participate in our study about how and why
you use LitterGram. Your answers will help us improve LitterGram, and
the impact our App has on helping to clean up Great Britain.
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Happl Hotiday* .

from the

LitterGram Team

If there i one thing we want for Christmas it's to encourage local
councils to use LitterGram and to finally clean up Great Britain. As you
might have already read in our previous newsletter, we are currently
conducting a survey, in collaboration with researchers from the
University of Warwick, which will help us in achieving just that

If you haven't already, please take a moment to fill out the survey about

how and why you use LitterGram (even if you haven't used the App
muchl).





