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Did you really get the message?  Using text reminders to stimulate adoption of agricultural technologies

Abstract 
This article provides evidence from a randomised control trial conducted among potato farmers in Ecuador about the impact of mobile phone text messages on farmer knowledge about and adoption of integrated pest management (IPM) practices. Using psychological constructs, we examine competing explanations for non-standard decision making leading to low adoption of beneficial agricultural technologies. Farmers who received text messages have significantly higher knowledge and are more likely to adopt most IPM practices than those in the control group. Findings provide evidence that text messages lead to behavioural changes by reducing inattention and sub-optimal heuristics in the face of complex decisions.  



Introduction
A key challenge facing public agricultural extension in developing countries is how to change behaviour in a cost-effective manner.  Many extension systems in Latin America underwent substantial changes due to the debt crisis in the 1980s and structural adjustments in the 1990s.  In Mexico, Brazil, Chile, Ecuador and other countries, centralised public agricultural extension systems were disbanded and extension services were either decentralised to local government or outsourced to projects and private providers (Klerkx, Landini, & Santoyo-Cortes, 2016).  Recent spikes in food prices and a growing awareness of the need to stimulate agricultural productivity to meet projected food needs in Latin America has renewed calls to reinvigorate agricultural extension services (Zeigler & Truitt Nakata, 2014).  
Integrated pest management (IPM) is a system of practices to manage agricultural pests and diseases while minimizing use of harmful chemicals.  IPM has important implications for area development; its use increases profitability by cutting input costs (Carrión Yaguana, Alwang, Norton, & Barrera, 2016). Despite its demonstrated effectiveness at raising profitability and lowering environmental and health damages associated with chemical use, spread of IPM in developing countries has been slow (Parsa et al., 2014).  IPM often does not appeal to private sector actors and it faces direct competition from chemical sales agents where the profit motive is strong (Carrión Yaguana, Gallegos, Barrera, Norton, & Alwang, 2016).  
Parsa et al. (2014) blame insufficient training and technical support as a basic cause of limited IPM adoption. The complexity of some IPM practices has led to investment in intensive training programs such as farmer field schools (FFS), but these have not been associated with broad adoption (Feder, Murgai, & Quizon, 2004; Godtland, Sadoulet, De Janvry, Murgai, & Ortiz, 2004) and are not generally effective when taken to scale (Waddington et al., 2014).  As extension systems are reconstituted, cost-effective means of diffusing relatively complex technologies such as IPM are needed.
Information and communications technology (ICT), especially cellular phones, offer the potential for low-cost delivery of extension messages (Fu & Akter, 2016). Cellular phones are now ubiquitous in developing countries and competition has driven the cost of text messages to near zero (Pew Research Center, 2015).  This low cost invites the possibility of using text messages to deliver information and the ease of randomising recipients into intervention and control groups makes message-based measures appropriate for investigation using randomised control trials (RCTs).  Cellular phones can be used to transmit simple messages, such as information about prices in markets, but evidence about their effective use to provide information about a complex technology such as IPM is less clear (Cole & Fernando, 2012).   
In agriculture, findings about the effectiveness of text message programs to effect behavioural change depend on the context.  In general, researchers have found that receipt of text messages influences decisions about where to sell crops, but in India, prices received by farmers who received text messages were not statistically significantly higher than prices received by control farmers (Fafchamps & Minten, 2012). Also in India, farmers randomly selected to participate in a mobile-based agricultural information service were more likely to use appropriate pesticides and fewer hazardous ones. Farmer knowledge of these practices did not increase, suggesting that the farmers accepted the agricultural advice without understanding the evidence that substantiated it (Cole & Fernando, 2012).  In another study in India, an interactive smart phone technology improved awareness and agricultural knowledge measured by farmer self-perceptions (Fu & Akter, 2016).  Peruvian farmers receiving text messages with market price information received significantly higher prices for perishable crops, highlighting the importance of receipt of timely information and tailoring the message to the appropriate point in the season (Nakasone, 2013).  In some contexts, receipt of text information has not had significant impacts on crop value-added, crop losses or likelihood of changing cultivation practices (Fafchamps & Minten, 2012).  Improved yields were associated with receipt of text messages in a study of sugar cane producers in Kenya (Casaburi, Kremer, Mullainathan, & Ramrattan, 2014).  In that study, the texts contained messages tailored to the specific timing of the farming operation.
The literature on effectiveness of text messages in influencing behaviour outside agriculture is also nuanced.  In the finance sector, Karlan, Morten, and Zinman (2012) found that general text messages were not effective in increasing repayment rates for microfinance loans, but those with specific mention of the loan officer’s name increased repayment significantly.  In a three-country study, Karlan, McConnell, Mullainathan, and Zinman (2016) found that receipt of a text message increased savings.  Their study was designed to examine the mechanisms by which message receipt induces behavioural change and they found that message receipt helped overcome the tendency to procrastinate and limited attention.  In the health arena, text-based programs primarily use text messages as reminders for patients, though some also provide information. RCTs allow researchers to establish causal links between the receipt of text messages and positive short-term behavioural outcomes in the areas of smoking cessation, physical activity and adherence to diabetes treatment (Fjeldsoe, Marshall, & Miller, 2009). 
Text messages are especially suitable for changing behaviour through targeted, low-content messages, often in the form of reminders (Fjeldsoe et al., 2009). In cases where agricultural technologies are complex, such as IPM, an issue is whether text messages can complement or substitute for more intensive training measures.  Three questions are particularly salient: (i) Are text messages effective at increasing farmer knowledge?  (ii) Does receipt of text messages translate into behaviour changes? and if so, (iii) What are the mechanisms by which text messages affect farmer behaviours?  In the context of this study, behaviour changes relate to changes in pest and disease management decisions associated with adoption of IPM practices. This paper provides evidence from an RCT conducted among potato farmers in Northern Ecuador about the impact of text messages as post-training follow-ups on farmer knowledge about and adoption of IPM practices.  We distinguish between competing psychological explanations to investigate the mechanisms through which the receipt of text messages influence adoption. The empirical approach allows identification of the role of reminders and knowledge gain in affecting use of IPM practices.
	 The paper is organised as follows.  The next section presents a framework for disentangling the mechanisms by which text messages can change behaviour.  Different effects of reminder versus knowledge building are identified; these differences are later used to identify the relevant behavioural mechanism.  The subsequent section discusses the field experiment and data.  Empirical models and estimation results are presented next.  The paper concludes with a discussion of implications and limitations.
Conceptual framework
In the context of decisions about agricultural management, consider the stylised model (DellaVigna, 2009; Rabin, 2002) where individual i at time t=0 maximises expected utility from management decisions subject to a probability distribution p(s) of the states of the world:
(1)  	
Utility is defined over the payoff (v) from decisions at time t based on different states of nature, and returns are discounted back to the decision period.  Deviations from this model include nonstandard preferences, nonstandard beliefs about the state of nature, and nonstandard decision making, all of which can lead to behaviours that do not conform to predictions of standard economic models (DellaVigna, 2009). Two examples of nonstandard decision making particularly germane to complex agricultural technologies are decisions characterised by limited attention and use of sub-optimal heuristics when multiple options are available.  
A simple model of attention as a scarce resource can be used to illustrate decision-making impacts of psychological phenomena (DellaVigna, 2009) . Consider a management action whose value V (inclusive of cost of implementation) is determined by the sum of two components.  The first component is visible and easily known and remembered by the decision-maker (v).  The second component, which is more opaque and requires more “effort” or “attention” to perceive, is called o.  The total value of the management action is V = v + o. Inattention causes the producer to perceive the value as V* = v + (1 − θ) o, where θ ∈ [0, 1] reflects “inattention”. The parameter θ is interpreted as follows:  each individual has the opportunity to see the opaque information, but processes it only partially, to the degree θ.  With perfect attention, θ is zero. Factors affecting θ include salience s ∈ [0, 1] of o and the number of competing stimuli N: θ = θ (s,N).  For technologies such as IPM, some benefits of adoption, like health and environmental benefits, are harder to perceive than a direct increase in yield, and benefits might occur over time, contributing to the opaque component, o. With inattention, deviations from standard expected utility maximization framework will occur, leading to less IPM adoption than the full attention optimum.  
Several approaches have been identified to test for the presence and impact of inattention on decision making such as by varying o, s, or N (DellaVigna, 2009).  With a RCT, the impact of inattention on decision making can be identified by increasing the salience (s) of the opaque component (o) via text messages.  A test of whether the derivative ∂ V*/∂s = differs from zero provides a test for limited attention. This approach was followed by Chetty, Looney, and Kroft (2009).  V* is not observed, and evidence that it increases is only available through actions (in our case, adoption of IPM practices). 
A second means of identification is by exploiting the fact that text messages might vary in salience. For example, we would expect that messages for time-sensitive operations that are delivered at the appropriate time to have a greater salience than messages for time-insensitive practices.  Similarly, text messages that can be immediately acted upon should have a greater effect on inattention, holding constant the information content of the message, compared with those that require intermediary steps, like the purchase of external inputs, before the recommendations can be put in practice.  
Use of sub-optimal heuristics when decision makers face a large menu of options has been documented in the economics literature.  The general finding is that more choices are, paradoxically, not welfare-improving.  Behavioural responses to complex choice sets include excess diversification, choice avoidance, preference for the familiar, and preference for the salient (see DellaVigna for references).  IPM typically involves complex choices as producers face numerous pests, can manage them before or after they appear, and use labour- or capital-intensive control mechanisms (Norton, Heinrichs, Luther, & Irwin, 2005). We assume that when facing numerous and complex options regarding pest and disease management, some farmers might opt for the familiar, i.e. use conventional methods as opposed to IPM techniques.  Using the theory of sub-optimal heuristics and assuming preference for the familiar, we make predictions about adoption of IPM practices.  First, decision makers with more IPM knowledge are less likely to be overwhelmed by complex choice sets and are, hence, less likely to choose the default option.  Second, this knowledge effect is likely to be greater for complex compared to simple practices; better-informed decision makers should be more willing to adopt complex IPM techniques. Third, receipt of a message is likely to have a smaller effect on adoption of simple compared to complex technologies. These propositions are formalised when the empirical estimation strategy is presented below. 
Experimental design and data 

Carchi Province is the most important potato-growing area in Ecuador, accounting for close to 30 per cent of national production on less than 15 per cent of the land area planted to potato. Conditions such as deep, loamy soils, high in organic content, and regular rainfall make it a near ideal place to grow potatoes.  Over time, however, production in Carchi has been threatened by the emergence of several pests, including late blight, the Andean potato weevil, the Central American tuber moth, rhizoctania, and leaf miner (Carrión Yaguana et al., 2016).  Carchi potato producers were known to over-apply pesticides to overcome pest problems leading to severe health and environmental consequences (Crissman, Antle, & Capalbo, 1998). IPM was recognized as a good alternative to more toxic pesticides and several research projects since the late 1990s identified and tested IPM practices for potato production (Carrión Yaguana et al., 2016). The IPM practices recommended in this study were a result of more than 15 years of applied research in the Carchi area. 
Carchi potato farmers were invited to attend one of three day-long training sessions on IPM—a farmer field day (FFD).  Invitation to the FFDs occurred through mass media (radio, newspaper), word of mouth spread by employees of the Ministry of Agriculture, and through local governments and NGOs.  During the FFDs, held in April and May 2014, participants were exposed to different teaching stations where IPM practices for potatoes were demonstrated.  Attendees also received an information workbook covering potato pests and diseases and corresponding IPM recommended management practices. At the FFDs, farmers were informed about the text message program and told that if enrolled, they could be randomly selected to receive free follow-up text messages about IPM practices.  To be eligible for the program, farmers must own a cellular phone capable of receiving text messages, have the ability to read text messages (basic literacy), and be willing to participate. Of 450 farmers who attended the FFDS, 435 were eligible and volunteered to participate. These farmers were located in six cantons and 111 villages.  A screening questionnaire was administrated during the FFDs to eligible participants to gather information on farmer name, age, residence, cellular phone number, and stage of the primary potato crop. This information was needed to randomise farmers into intervention and control groups, and locate them for a follow-up survey.  The screening questionnaire was deliberately short so as not to interfere with activities at the FFD.
 The randomisation was conducted at the village level to limit possible problems related to within-village spillovers.  Half the villages (55 villages, and 232 farmers) were assigned to receive the messages (the intervention group) and half (56 villages and 203 farmers) served as control. The unequal number of people in each group was due to uneven members of FFD participants from each village.  One village had as many as 54 participants, while several had as few as one1.  Participants randomised to the intervention group received three text messages per week over a ten-week growing season (mid-June to mid-October, 2014). Messages began with “IPM” to identify the text to the recipient. The first message was introductory in nature, welcoming participants to the program, and informing them that they would start receiving regular text messages with technical advice on potato management. Subsequent messages were tailored to the time of the potato-growing season based on the reported stage of the farmer’s main potato crop at the FFD. Messages provided information to control main pests and diseases using IPM techniques, general information about pesticide toxicity, and reminders. For example, the text message “Remember that high and crossed hilling prevents tuber moth from damaging the potato tubers” provides information on how and why to perform the technique and could also encourage the farmers to put the recommendation into practice. The text message “Remember to use fungicides with different active ingredients” should affect behaviour mainly as a reminder effect. A list of all text messages sent to producers in the intervention group is available in Section A of the Supplementary Materials.
The follow-up survey was conducted immediately after completion of the text message program (mid-October, 2014). Among other things, the follow-up questionnaire included questions about use and knowledge of IPM techniques, divided into five sections, one for each pest. Farmers reported if they used the technique in question, demonstrated during the FFD and reinforced in the take-home workbook and text messages. Knowledge questions referred to potato pests and IPM-recommended management practices, such as distance between traps, type and quantity of chemical controls, and reasons behind the recommendation. Farmers answered the knowledge questions whether or not they reported using the technique.  The last section of the questionnaire was administrated only to households in the intervention group2 and included questions about the ease of understanding, frequency, and usage of the text messages3. Questionnaires were completed for 353 farmers; 196 of whom were in the intervention group (located across 44 villages), and the remaining 157, in the control group (located across 41 villages)4.
Measuring adoption of and knowledge about IPM 
Several measures of IPM adoption and knowledge are constructed from the survey responses.  Twelve IPM practices, varying in complexity, time sensitivity and input requirements for their implementation, are considered in the analysis. The first adoption measure includes the 12 IPM practices. Six additional measures are created by categorising the practices into: i) simple or complex, ii) input purchase reliant or not, and iii) time sensitive or not. For example, hilling around the potato plant is categorised as a simple, non-purchase reliant, and time-sensitive practice. Of the 12 IPM practices, six practices are considered simple, eight practices are input purchase reliant, and ten practices are time sensitive. Each practice is coded as one when adopted. Adoption measures indicate the percentage of practices5 adopted within a given category, which we will refer to as adoption scores. Table B1, in the Supplementary Materials, presents the 12 IPM practices and their categorization into adoption scores. 
Using responses from 23 knowledge questions, eight knowledge scores are generated. The first score includes the 23 questions, and is referred to as an overall knowledge score. The second score includes a subset of 15 questions that directly relate to the 12 IPM practices considered. These 15 questions are categorised into the type of practice they correspond to: i) a simple or complex practice, ii) a purchase-reliant practice or not, and iii) a time-sensitive practice or not, creating six additional knowledge scores.  Therefore, there is a direct correspondence between the seven adoption scores and IPM knowledge scores. For example, the question “What part of the plant does the leaf miner attack?” is only included in the overall knowledge score while the question “How many days does IPM recommend to solarise seeds to prevent weevil infestation” is included in the overall knowledge score and the knowledge scores for all IPM practices, simple practices, non-purchase reliant practices, and time-sensitive practices. Knowledge scores represent the percentage of questions answered correctly within that category. Table B2, in the Supplementary Materials, shows the 23 knowledge questions and how they relate to the eight knowledge scores.  
Empirical analysis  

The analysis focuses on three issues: (i) whether receipt of the text message affects knowledge about IPM; (ii) whether receipt affects adoption of IPM; and (iii) the mechanism by which the message affects farmer behaviour.  The final issue is important because text messages, if effective, can be tailored to overcome cognitive barriers outlined in the conceptual framework.  For example, if time-sensitivity is not found to be important, messages will not have to be timed to specific parts of the agricultural calendar.  If text messages can reduce sub-optimal heuristic behaviour, then future extension training programs could become more cost-effective by also providing farmers information about agriculture practices through text messaging.  Also, messages could be differentiated by farmer skill level. 
To address these issues several steps are followed. We first examine differences in individual and household attributes across program assignment.  This step is to establish statistical balance or whether the randomisation worked and intervention and control groups are equalised on observable characteristics.  We next compare mean IPM knowledge questions and scores, and mean adoption rates for specific IPM practices and groups of practices between the two groups. 
In a third step, we formally estimate the marginal effect of the intervention using the following specification:

(2) 

Where  is the outcome of interest j for household i, where the index j represents IPM knowledge and adoption scores.   indicates if household i was assigned to receive text message (intervention),  is a vector of individual and household covariates, and  is the error term, clustered at the village level. Fractional response probit models are used to estimate and since knowledge and adoption scores range in value between 0 and 1.  
When j is a knowledge score, vector  includes the following exogenous covariates: age and education of the participant (the person who received the text messages or would have received them had she been selected) where education is a dummy variable equal to one when the respondent completed secondary education, number of household members 15 years old and above, and land and cow ownership. The last two variables capture household wealth and the importance of farming to the decision maker.  When j represents adoption of a specific IPM practice, the vector  is augmented by a variable for altitude (in meters) as pest pressure, which could be associated with IPM adoption, varies with altitude. Canton fixed effects are included in all regressions to mop up agro-ecological heterogeneity. 
Significance of the assignment into the intervention group in the regressions for overall knowledge and adoption scores would indicate that the intervention boosts knowledge about and adoption of IPM, which addresses the first two research questions. Since IPM practices vary in nature, such as in complexity, time-sensitivity and input requirements, we use this variation in the empirical analysis, along with behavioural explanations, to investigate mechanisms by which the receipt of text messages affects behaviour. The theory of inattention suggests two hypotheses: (i) the marginal effect of the intervention on adoption is greater for time-sensitive practices than non-time sensitive practices; and (ii) the marginal impact of receipt of text messages is greater for practices that do not require an input purchase compared with those that do. This is because for the former the text message is immediately actionable while for the latter, the farmer must first find and purchase the required input before being able act upon the message recommendations. In the latter situation, text messages are less likely to be effective at addressing inattention. If these two hypotheses hold, the receipt of text messages influences farmer behaviour through a reminder channel. 
The theory of simple heuristics in the face of complex choices suggests that: (iii) the marginal effect of the intervention on adoption of complex practices is greater than the effect of the intervention on adoption of simple practices; (iv) the marginal effect of knowledge on adoption is positive and significant; and (v) the marginal effect of knowledge on adoption of complex practices is greater than the marginal effect of knowledge on adoption of simple practices. In order to examine hypotheses (iv) and (v), knowledge is included as an additional regressor in the adoption models. To examine hypothesis (v) the marginal effects of knowledge on adoption scores for simple and complex practices are computed at different levels of overall knowledge. Findings from these regressions should be interpreted with caution given that the association between adoption and knowledge may not be unidirectional. Failure to reject hypotheses (iii), (iv), and (v), provides evidence that the intervention also works through the knowledge mechanism.
Results
Descriptive analysis 	
Summary statistics for household and individual covariates, adoption practices and scores, and knowledge questions and scores are presented in tables 1, 2, and 3, respectively.
Balance of covariates
For socio-economic characteristics, balance is achieved for two-thirds of the covariates (table 1). The intervention and control groups are statistically similar for age and education of the respondent, land devoted to potato production, land owned per capita, and ownership of most assets. Farmers in the control group have larger household sizes and own more land while farmers in the intervention group own more cows and reside at higher altitudes. This imbalance is related to the choice to randomize at the village level.  Because villages vary dramatically in the number of participants attending the FFDs, the marginal inclusion of a “large” village in the intervention or control can affect variable means. For example, in the largest village, 54 farmers participated in the program. These farmers on average reside at lower altitude (2689 meters compared to 2942 meters for the sample) and own fewer cows (0.2 cows compared to five cows for the sample). This “large" village belongs to the control group, pushing down the group average values for altitude and number of cows owned, and causing statistical differences between intervention and control groups for these two variables.  If this ‘large’ village is omitted from the control group, statistical balance for altitude and cow ownership between the two groups is achieved. This relative lack of balance may affect the validity of the unconditional comparisons, but should not be an issue in a multivariate formulation, unless there is also a lack of balance for unobserved household characteristics that are also correlated with program assignment (discussed below). 
	Table 1: Socio-economic characteristics of intervention and control groups

	
	Sample
	Control
	Intervention
	∆ C & I

	Variables 
	Mean
	Mean
	Mean
	p-value

	Respondent age (years)
	42.31
	42.59
	42.08
	0.69

	Respondent education (years)
	8.82
	8.52
	9.06
	0.19

	Household size (number of members)
	4.37
	4.60
	4.19
	0.00

	Land owned (ha)
	10.44
	11.25
	9.79
	0.06

	Land owned per capita (ha/nb of hh members)
	2.65
	2.65
	2.66
	0.95

	Land devoted to potato production (ha)
	2.79
	2.81
	2.77
	0.88

	Cows owned (number)
	5.00
	3.66
	6.08
	0.00

	Altitude (meters)
	2942.48
	2899.19
	2977.15
	0.00

	Asset ownership (% owning)
	%
	%
	%
	p-value

	  Water pump 
	23
	23
	22
	0.91

	  Television 
	99
	98
	99
	0.50

	  Refrigerator 
	65
	61
	68
	0.16

	  Microwave 
	27
	25
	29
	0.37

	  Motorcycle 
	40
	41
	40
	0.85

	  Vehicle 
	32
	38
	27
	0.03

	  Computer 
	46
	45
	47
	0.68

	Number of observations
	353
	157
	196
	 

	Note: ∆ C & I is the difference between control and intervention group.  Bolded entries indicate differences that are statistically significant at 10 per cent level. 




 
	Table 2: Descriptive statistics for IPM knowledge questions and scores (per cent correct responses)

	
	Sample
	Control
	Intervention
	∆ C & I

	Description
	%
	%
	%
	p-value

	Knowledge questions
	 
	 
	 
	 

	Recommended distance between weevil traps
	43.91
	27.39
	57.14
	0.000

	Insecticide used in weevil traps
	57.79
	45.86
	67.35
	0.000

	Insecticide used for bait plants
	45.61
	27.39
	60.20
	0.000

	Recommended distance between bait plants
	28.90
	12.10
	42.35
	0.000

	IPM recommended insecticide for weevil
	47.59
	41.40
	52.55
	0.037

	Solarisation time to prevent weevil infestation
	40.51
	30.57
	48.47
	0.001

	Recommended quantity of Bacu-turin used prevent tuber moth
	1.98
	2.55
	1.53
	0.509

	Storage location of seeds after use of Bacu-turin
	45.04
	32.48
	55.10
	0.000

	Correct hilling technique to prevent the tuber moth
	56.94
	43.95
	67.35
	0.000

	Reason why hilling prevents tuber moth damage 
	82.15
	76.43
	86.73
	0.014

	IPM recommended insecticide for tuber moth
	46.18
	32.48
	57.14
	0.000

	Timing of fixed trap installation
	30.88
	21.02
	38.78
	0.000

	Timing of mobile trap passing
	30.59
	18.47
	40.31
	0.000

	Part of the plant that leaf miners attack
	93.20
	88.54
	96.94
	0.003

	Timing of leaf miner chemical control for adult leaf miners
	47.31
	32.48
	59.18
	0.000

	Timing of leaf miner chemical control for larvae
	44.19
	27.39
	57.65
	0.000

	IPM recommendations to prevent and control late blight
	35.69
	32.48
	38.27
	0.259

	Reason for using chemicals with different active ingredients when controlling for late blight
	31.16
	38.85
	25.00
	0.006

	IPM recommendations to control rhizoctonia 
	18.41
	10.83
	24.49
	0.001

	Seed disinfection process to control for rhizoctonia
	29.46
	19.75
	37.24
	0.000

	IPM recommended chemical to disinfect seeds 
	20.11
	14.01
	25.00
	0.009

	IPM recommended chemical to prevent rhizoctonia 
	23.23
	17.20
	28.06
	0.014

	Recommended seed quality maintenance techniques
	26.91
	25.48
	28.06
	0.587

	Knowledge scores (see Table B2, in the Supplementary Materials, for definition of knowledge scores)  

	Overall Knowledge 
	40.34
	31.27
	47.60
	0.000

	Knowledge related to the 12 adoption practices 
	38.04
	28.20
	45.92
	0.000

	Knowledge related to simple practices 
	46.22
	38.22
	52.62
	0.000

	Knowledge related to complex practices 
	30.88
	19.43
	40.05
	0.000

	Knowledge related to purchase-reliant practices 
	32.01
	21.91
	40.10
	0.000

	Knowledge related to non-purchase reliant practices
	50.08
	40.76
	57.55
	0.000

	Knowledge related to time-sensitive practices  
	36.67
	26.85
	44.54
	0.000

	Knowledge related to non-time sensitive practices 
	46.88
	36.94
	54.85
	0.000

	Number of observations
	353
	157
	196
	

	Note: ∆ C & I is the difference between control and intervention group. Bolded entries have differences that are statistically significant at 10 per cent level. 






IPM knowledge
Farmers in the intervention group on average performed significantly better on 19 of the 23 knowledge questions compared with farmers in the control group (table 2). All the knowledge scores are statistically greater among farmers in the intervention group compared with those in the control group. This provides clear evidence that text messages and subsequent behavioural responses (we do not observe whether the farmer consulted the IPM workbook following receipt of the messages) have a measurable effect on knowledge creation. In fact, the largest knowledge difference between intervention and control groups is for knowledge related to complex IPM practices.
Adoption of IPM
Important differences are visible in adoption rates across individual practices and categories of practices (table 3). For the sample as a whole, the highest adoption rate is for simple practices while complex practices are least adopted. This supports the theory that farmers can get overwhelmed by complex decisions, leading to suboptimal heuristics. 
Farmers who received text messages (intervention group) adopt 6 of the 12 IPM practices at a significantly higher rate than control farmers (table 3). They also have significantly higher values for all adoption scores, except for adoption of time-insensitive practices. These findings suggest that the intervention provided a stimulus to recipients and subsequently induced them to adopt IPM.  The difference in adoption rates between the control and intervention group is largest for practices that do not require purchases. The intervention boosted adoption of these practices by 11 percentage points, suggesting that text messages have a reminder effect. However, when looking at the per cent change, the different is the greatest for adoption of complex practices. Farmers in the control group adopted on average 17 per cent of the complex practices compared to 23 per cent for those in the intervention group, a 37 per cent difference.  This indicates that text messages induce behaviour change also through knowledge building. 
	Table 3: Descriptive statistics of IPM adoption practices and scores (percent adopting)

	
	Sample
	Control
	Intervention
	∆ C & I

	Description
	%
	%
	%
	p-value

	Adoption of IPM practices
	 
	 
	 
	 

	Use of traps for weevil
	16.71
	12.74
	19.90
	0.068

	Use of bait plants for weevil
	17.56
	8.28
	25.00
	0.000

	Use of IPM chemical control for weevil
	48.71
	52.94
	45.41
	0.163

	Solarise seeds to prevent tuber moth
	62.04
	49.04
	72.45
	0.000

	Apply Bacu-Turin to prevent tuber moth
	10.76
	10.19
	11.22
	0.755

	Hilling to prevent tuber moth
	86.97
	81.53
	91.33
	0.009

	Use of IPM chemical control for tuber moth
	65.71
	63.40
	67.53
	0.424

	Use of fixed traps for leaf miner
	8.50
	8.92
	8.16
	0.802

	Use of mobile traps for leaf miner
	6.23
	6.37
	6.12
	0.924

	Disinfect seeds to prevent rhizoctonia
	61.47
	54.14
	67.35
	0.012

	Use of IPM chemical to control for rhizoctonia
	38.81
	31.85
	44.39
	0.015

	Remove yellow plants to maintain seed quality 
	52.97
	50.32
	55.10
	0.373

	Adoption scores (see Table B1, in the Supplementary Materials,  for definition of adoption scores)  

	Overall
	39.60
	35.61
	42.79
	0.000

	Simple practices
	59.04
	54.55
	62.64
	0.001

	Complex practices
	20.21
	16.77
	22.96
	0.004

	Purchase-reliant practices
	32.03
	29.16
	34.32
	0.011

	Non-purchase reliant practices
	54.67
	48.41
	59.69
	0.000

	Time sensitive practices
	36.20
	31.34
	40.10
	0.000

	Non-time sensitive practices
	56.68
	57.37
	56.12
	0.759

	Number of observations
	353
	157
	196
	

	Note: ∆ C & I is the difference between control and intervention group. Bolded entries have differences that are statistically significant at 10 per cent level. 





Regression results
The seven adoption scores and eight knowledge scores were regressed on the intervention and the set of covariates defined above using fractional probit response models. Standard errors were clustered at the village level. Marginal effects are reported in tables 4, 5, and 6. 
Impact of the intervention on knowledge about pests and their management
Results show that the intervention has a positive impact on knowledge; receiving regular text messages during the potato growing season increases the overall knowledge about IPM by 18.4 percentage points (table 4). The intervention effect on knowledge specific to classes of practices varies between 18.3 and 23.2 percentage points. As first suggested in the comparisons of means presented above, the intervention builds IPM knowledge, even controlling for education level of the participant.  Having completed secondary education increases knowledge scores by 5 to 10 percentage points, so in terms of specific knowledge about IPM, provision of low-cost text messages over the growing season is more effective than other forms of education.  Converting the impact of the intervention from percentage points into per cent changes reveals heterogeneous intervention effects on knowledge across specific classes of IPM practices. The knowledge gain varies between 48 and 103 per cent and is greatest for complex practices. This suggests the potential of text messages in helping farmers sort out complex information, which in turn reduces use of sub-optimal heuristics in pest management decisions, and consequently stimulates adoption of IPM practices.  
Impact of intervention on adoption of IPM practices 
Exposure to the intervention has a positive and significant impact on all adoption scores with the exception of simple practices and practices that are not time sensitive (table 5). The intervention increases overall adoption of IPM practices by 6.7 percentage points, and increases adoption of specific classes of practice-when significant- by 5.5 to 9.3 percentage points.  Only two practices are considered to be time insensitive: use of IPM-recommended chemicals (chemicals that are less toxic) to prevent/control tuber moth and rhizoctonia. Farmers face several options when it comes to choosing chemical controls (IPM recommended or not) and thus the use sub-optimal heuristic behaviour is likely to be strong for this category. 

	Table 4: Marginal effects of intervention and covariates on knowledge scores

	
	Knowledge score 1
Overall 
	Knowledge score 2
12 IPM practices 
	Knowledge score 3
Simple practices
	Knowledge score 4
Complex practices

	 
	dy/dx
	z
	dy/dx
	Z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	0.184***
	5.33
	0.193***
	4.74
	0.183***
	4.42
	0.201***
	4.59

	Secondary education (1=Yes)
	0.073**
	2.14
	0.070**
	2.16
	0.090**
	2.51
	0.050
	1.59

	Age 
	-0.001
	-0.99
	-0.001
	-0.97
	-0.002
	-1.10
	-0.001
	-0.75

	Nb of HH members 15 years old & +
	0.023***
	2.68
	0.025***
	2.87
	0.029***
	2.89
	0.021**
	2.37

	Land owned (ha)
	0.000
	-0.03
	-0.001
	-0.61
	-0.001
	-0.33
	-0.002
	-0.80

	Nb of cows owned
	0.004**
	1.97
	0.004*
	1.94
	0.003
	1.10
	0.005***
	2.59

	Canton (Base = Bolivar)
	
	
	
	
	
	
	
	

	Espejo
	-0.147***
	-4.27
	-0.126***
	-2.91
	-0.192***
	-4.54
	-0.059
	-1.20

	Huaca
	-0.101
	-1.37
	-0.092
	-1.10
	-0.082
	-0.96
	-0.087
	-1.02

	Mira
	0.262***
	3.32
	0.241***
	2.87
	0.119
	1.31
	0.358***
	3.05

	Montufar
	-0.024
	-0.61
	-0.021
	-0.44
	-0.065
	-1.41
	0.027
	0.48

	Tulcan
	-0.071
	-1.56
	-0.063
	-1.18
	-0.130**
	-2.42
	0.004
	0.06


	
	Knowledge score 5
 Purchase-reliant P.
	Knowledge score 6
Non-purchase reliant P.
	Knowledge score 7
Time-sensitive P.
	Knowledge score 8
Non-time sensitive P. 

	 
	dy/dx
	z
	dy/dx
	Z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	0.193***
	4.46
	0.195***
	4.63
	0.187***
	4.84
	0.232***
	3.50

	Secondary education (1=Yes)
	0.059*
	1.65
	0.089**
	2.57
	0.065**
	2.18
	0.101*
	1.66

	Age 
	-0.001
	-0.83
	-0.002
	-1.17
	-0.001
	-0.75
	-0.003
	-1.54

	Nb of HH members 15 years old & +
	0.025***
	2.76
	0.024**
	2.29
	0.023***
	2.73
	0.037**
	2.23

	Land owned (ha)
	-0.001
	-0.31
	-0.002
	-1.08
	-0.002
	-1.06
	0.004
	1.15

	Nb of cows owned
	0.004*
	1.68
	0.005**
	2.22
	0.005**
	2.51
	-0.002
	-0.42

	Canton (Base = Bolivar)
	
	
	
	
	
	
	
	

	Espejo
	-0.124**
	-2.56
	-0.127***
	-3.31
	-0.110***
	-2.77
	-0.224***
	-3.05

	Huaca
	-0.099
	-1.01
	-0.075
	-1.18
	-0.081
	-1.09
	-0.161
	-1.03

	Mira
	0.277***
	2.64
	0.174
	1.58
	0.234**
	2.53
	0.302***
	3.48

	Montufar
	0.007
	0.14
	-0.075
	-1.58
	-0.018
	-0.41
	-0.027
	-0.35

	Tulcan
	-0.035
	-0.60
	-0.121**
	-2.45
	-0.057
	-1.13
	-0.101
	-1.14

	Notes: HH= Household; P. = Practices; Nb=Number; *, **, *** denote statistical significance at the 10, 5, and 1 per cent level; z is the z test statistic computed based on standard errors clustered at the village level. 




	Table 5: Marginal effects of intervention and covariates on adoption scores

	
	Overall adoption
	Adoption of simple practices
	Adoption of complex practices 

	 
	dy/dx
	z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	0.067**
	2.43
	0.052
	1.61
	0.080***
	2.68

	Secondary education (1=Yes)
	0.018
	0.73
	0.013
	0.46
	0.022
	0.73

	Age 
	-0.001
	-0.86
	0.001
	0.50
	-0.002**
	-2.08

	Nb of HH members 15 years old & +
	0.002
	0.31
	-0.004
	-0.38
	0.008
	0.91

	Land owned (ha)
	-0.002*
	-1.71
	-0.004**
	-2.42
	0.000
	-0.30

	Nb of cows owned
	0.003**
	2.28
	0.003**
	2.25
	0.002
	1.43

	Altitude (m)
	0.000**
	2.35
	0.000**
	2.47
	0.000*
	1.81

	Canton (Base = Bolivar)
	
	
	
	
	
	

	Espejo
	-0.110**
	-2.20
	-0.059
	-1.26
	-0.164**
	-2.31

	Huaca
	-0.075*
	-1.66
	-0.009
	-0.24
	-0.147**
	-2.13

	Mira
	0.235***
	3.50
	0.216***
	3.66
	0.226*
	1.91

	Montufar
	-0.004
	-0.10
	0.015
	0.43
	-0.033
	-0.49

	Tulcan
	-0.046
	-1.00
	0.012
	0.29
	-0.112*
	-1.70




	
	Adoption of purchase-reliant practices
	Adoption of non-purchase reliant practices
	Adoption of time-sensitive practices 
	Adoption of non-time sensitive practices 

	 
	dy/dx
	z
	dy/dx
	z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	0.055*
	1.84
	0.093***
	3.07
	0.077***
	3.12
	0.009
	0.15

	Secondary education (1=Yes)
	0.020
	0.77
	0.019
	0.56
	0.017
	0.68
	0.022
	0.53

	Age 
	-0.001
	-0.98
	0.000
	-0.42
	-0.001
	-1.48
	0.002
	1.24

	Nb of HH members 15 years & +
	0.010
	1.61
	-0.013
	-1.18
	-0.002
	-0.26
	0.026**
	2.01

	Land owned (ha)
	-0.001
	-0.80
	-0.004**
	-2.50
	-0.002**
	-2.02
	0.000
	-0.05

	Nb of cows owned
	0.000
	0.28
	0.008***
	3.92
	0.005***
	3.37
	-0.006*
	-1.88

	Altitude (m)
	0.000**
	2.19
	0.000**
	1.98
	0.000**
	2.51
	0.000
	1.21

	Canton (Base = Bolivar)
	
	
	
	
	
	
	
	

	Espejo
	-0.116**
	-2.10
	-0.104**
	-2.10
	-0.105**
	-2.26
	-0.131
	-1.39

	Huaca
	-0.137***
	-2.74
	0.048
	0.94
	0.005
	0.10
	-0.495***
	-6.43

	Mira
	0.198*
	1.83
	0.299***
	7.53
	0.251***
	4.31
	0.152
	1.45

	Montufar
	-0.024
	-0.53
	0.032
	0.63
	0.039
	0.94
	-0.215***
	-2.93

	Tulcan
	-0.044
	-0.88
	-0.059
	-1.26
	-0.054
	-1.23
	0.004
	0.04

	Note: HH= Household; Nb=Number; *, **, *** denote statistical significance at the 10, 5, and 1 per cent level; z is the z test statistic computed using standard errors clustered at the village level.  



The marginal effect of the intervention on adoption of simple practices is insignificant and smaller in magnitude than the marginal effect on adoption of complex practices. These findings provide additional evidence that the intervention contributes to knowledge building, and is consistent with the hypothesis of use of sup-optimal heuristics in the case of complex decisions.  The theory of simple heuristics holds that information provision has more value in the face of complex decisions, and the finding supports the theory. Consistent with the idea of the reminder effect, the marginal effect of the intervention is the greatest for adoption of practices not requiring input purchase. Farmers can quickly put in practice the text message’s recommendation so the immediate reminder effect is confirmed.
Impact of knowledge and intervention on adoption of IPM practices
Knowledge of IPM is correlated with adoption, but when knowledge is included in the regression the impact of the text message intervention becomes insignificant (table 6). As previously mentioned, these results should be interpreted with caution as the causal flow is uncertain—adoption might lead to more IPM knowledge. Moreover, as shown above, the intervention has a strong influence on knowledge. The marginal effect of knowledge on adoption ranges from 0.220 (for non-time sensitive practices) to 0.423 (for practices not relying on purchases) percentage points, meaning that a one-percentage point increase in knowledge would increase adoption of practices that do not require input purchases by 0.4 percentage points.  This impact of knowledge on adoption supports the theory of sub-optimal heuristics; as knowledge about IPM increases, farmers are less likely to be overwhelmed by a technology’s complexity, and less likely to resort to default practices. The fact that knowledge has a greater impact on adoption of practices not requiring an input purchase is additional evidence of the reminder effect.  Learning by doing also occurs in the realm of IPM. The intervention’s impact is greatest for adoption of non-purchase reliant practices--farmers increase use of these practices the most. They are thus becoming more knowledgeable.  
Given the intervention’s strong impact on knowledge, we re-estimated the adoption regressions with knowledge as a right-hand-side variable using only observations in the control group. Use of this sub-sample allows us to abstract from the impact of the intervention on knowledge, and provides an informal test of the role of knowledge on adoption. Marginal effects are presented in Table C1 of the Supplementary Materials. The knowledge effect is highly significant (p-values < 0.01) in all regressions and compared with the results from the full sample, the impact of knowledge on adoption of IPM is larger. This confirms our hypothesis that farmers with more IPM knowledge are less likely to be overwhelmed by complex choice sets and less likely to choose the default option.
Finally, to empirically assess whether the knowledge effect is more important for complex compared to simple technologies, adoption scores of simple and complex practices were regressed on farmer overall knowledge about IPM and the other covariates. The marginal effects of knowledge on adoption of simple and complex practices over the distribution of knowledge were computed and graphed (Figure 1).  Results indicate that while knowledge has a positive effect on adoption of simple practices, the knowledge effect for simple practices is not statistically different across different levels of knowledge.  However, for the adoption of complex practices, as knowledge increases, additional knowledge has a greater effect on adoption of complex practices. A one-percent increase in overall knowledge increases adoption of complex practices by 0.25 percentage points for a farmer who has a 15 per cent knowledge score, while it would increase adoption of complex practices by 0.43 percentage points for a farmer with a 55 per cent knowledge score.  This finding suggests that a high level of knowledge is needed to use text messages to simulate adoption of complex practices, in line with the theory of simple heuristics in face of complex choices.

	Table 6: Marginal effects of intervention, knowledge, and covariates on adoption scores

	
	Overall adoption
	Adoption of simple practices
	Adoption of complex practices 

	 
	dy/dx
	z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	-0.002
	-0.12
	-0.017
	-0.65
	0.017
	0.84

	Secondary education (1=Yes)
	-0.008
	-0.41
	-0.018
	-0.76
	0.002
	0.07

	Age 
	0.000
	-0.38
	0.001
	1.12
	-0.002**
	-2.01

	Nb of HH members 15 years old & +
	-0.007
	-1.25
	-0.014
	-1.60
	0.001
	0.16

	Land owned (ha)
	-0.002*
	-1.75
	-0.004**
	-2.52
	0.000
	0.13

	Nb of cows owned
	0.001
	1.36
	0.002
	1.42
	0.001
	0.55

	Altitude (m)
	0.000***
	2.83
	0.000***
	3.19
	0.000*
	1.92

	Canton (Base = Bolivar)
	
	
	
	
	
	

	Espejo
	-0.066*
	-1.79
	0.011
	0.28
	-0.141***
	-2.60

	Huaca
	-0.040
	-0.97
	0.019
	0.47
	-0.109*
	-1.88

	Mira
	0.147*
	1.95
	0.179***
	2.83
	0.076
	0.66

	Montufar
	0.002
	0.08
	0.041
	1.25
	-0.043
	-0.85

	Tulcan
	-0.024
	-0.80
	0.060*
	1.84
	-0.109**
	-2.35

	Knowledge -overall adoption
	0.356***
	10.94
	
	
	
	

	Knowledge of simple practices
	
	
	0.366***
	9.23
	
	

	Knowledge of complex practices
	 
	 
	 
	 
	0.306***
	8.6


Note: HH= Household; Nb=Number; *, **, *** denote statistical significance at the 10, 5, and 1 per cent level; z is the z test statistic computed based on standard errors clustered at the village level.





	Table 6: Marginal effects of intervention, knowledge, and covariates on adoption scores (Con’t)

	
	Adoption of purchase reliant practices
	Adoption of non-purchase reliant practices
	Adoption of time sensitive practices 
	Adoption of  not time sensitive practices 

	 
	dy/dx
	Z
	dy/dx
	z
	dy/dx
	z
	dy/dx
	z

	Intervention 
	0.001
	0.03
	0.007
	0.28
	0.007
	0.39
	-0.043
	-0.83

	Secondary education (1=Yes)
	0.001
	0.03
	-0.019
	-0.66
	-0.009
	-0.43
	0.000
	-0.01

	Age 
	-0.001
	-0.73
	0.000
	0.21
	-0.001
	-1.19
	0.003*
	1.65

	Nb of HH members 15 years old & +
	0.002
	0.38
	-0.023**
	-2.48
	-0.010
	-1.50
	0.017
	1.24

	Land owned (ha)
	-0.001
	-0.79
	-0.003**
	-2.06
	-0.002*
	-1.73
	-0.001
	-0.34

	Nb of cows owned
	-0.001
	-0.46
	0.006***
	3.51
	0.003***
	2.94
	-0.006
	-1.61

	Altitude (m)
	0.000**
	2.32
	0.000***
	2.79
	0.000***
	3.08
	0.000
	1.25

	Canton (Base = Bolivar)
	
	
	
	
	
	
	
	

	Espejo
	-0.080*
	-1.84
	-0.051
	-1.21
	-0.065*
	-1.93
	-0.078
	-0.95

	Huaca
	-0.106**
	-2.53
	0.078
	1.55
	0.037
	0.88
	-0.453***
	-6.28

	Mira
	0.112
	1.13
	0.250***
	4.92
	0.157**
	2.35
	0.090
	0.69

	Montufar
	-0.027
	-0.78
	0.067
	1.54
	0.044
	1.41
	-0.211***
	-3.16

	Tulcan
	-0.034
	-0.95
	-0.006
	-0.17
	-0.033
	-1.16
	0.026
	0.35

	Knowledge of purchase reliant p
	0.280***
	8.56
	
	
	
	
	
	

	Knowledge of non-purchase reliant practices
	
	
	0.423***
	9.44
	
	
	
	

	Knowledge of time sensitive practices
	
	
	
	
	0.369***
	11.68
	
	

	Knowledge of not time sensitive practices
	 
	 
	 
	 
	 
	 
	0.220***
	5.46


Note: HH= Household; Nb=Number; *, **, *** denote statistical significance at the 10, 5, and 1 per cent level; z is the z test statistic computed based on standard errors clustered at the village level.
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Figure 1:  Marginal effects of knowledge on adoption of simple IPM practices (right) and adoption of complex IPM practices (left) for different levels of knowledge

Threat to validity 
Since only partial balance for observed characteristics is achieved, it is possible that unobserved characteristics of the intervention and control groups are also unbalanced, threatening the validity of our identification strategy.  While this concern is valid, our findings could still hold despite unbalanced unobserved characteristics, as they do despite the lack of balance for some observed characteristics. As an informal approach to assess the influence of unobserved household heterogeneity, we estimate a random parameter Probit models on pooled data6. In a similar research setting, Nakasone and Torero (2016) used Probit models to assess the impact of a random assignment--watching agricultural extension videos--on knowledge about and adoption of agricultural practices.  They included random effects for unobserved farm manager characteristics and Nakasone and Torero (2016) assumed that the intervention is not correlated with household unobservables since balance was achieved for a large set of observed characteristics. Since this is not the case for this study, we also add a random coefficient for the intervention, in addition to the random intercept for household unobservables, and allow for potential correlation between the random intercept and random coefficient.  We estimate the following random parameters Probit model:
(3) 

Where  is a binary variable equal to one if household i correctly answered IPM knowledge question j (or adopted IPM practice j);  indicates whether the household was assigned to receive text messages;  is a vector of dummy variables for knowledge question j (or adoption practice j);   is the same vector of individual and household characteristics as in equation (2); and  is the error term clustered at the village level.  and  are vectors of fixed coefficients to be estimated, and and  are household random-intercept and random-coefficients, and are assumed to have a bivariate normal distribution (Hedeker & Gibbons, 1994). If the variance of the random parameter is not statistically different from zero,  then unobserved heterogeneity is not present, and the estimated coefficient is the same for all observations. 
For the knowledge and adoption models, the likelihood-ratio test indicates that the presence of household heterogeneity is strong enough to support inclusion of the random effects (results are presented in Tables C2 and C3 of the Supplementary Materials). Household unobserved heterogeneity in the random intercept is highly significant (p-value < 0.001) while the random effects on the treatment (are not significant. In addition, the covariance between the random-intercept and random-coefficient is not statistically different from zero, indicating that they are uncorrelated.  In sum, while unobserved household heterogeneity is present, it does not influence the estimated impact of the intervention nor is correlated with the assignment to the text message program. 
The results of the random effect probit models indicate that receipt of text messages increases knowledge by 18.2 percentage points and adoption by 6.8 percentage points. These estimates are nearly identical to those obtained for the overall knowledge and adoption scores. Therefore, we are confident that the randomization has successfully allowed identification of the receipt of text messages on knowledge about and adoption of IPM7. 
Conclusions
The revolution in information and communications technology can have important implications for programs designed to promote adoption of sustainable agricultural practices.  Use of ICT to effect behavioural change in agriculture has lagged behind its potential.  Agricultural extension services struggling with limited budgets might make better use of these low-cost means of information transfer.  IPM adoption has also been lower than that of other agricultural technologies.  Proponents of IPM and other relatively complex technologies where private sector involvement is minimal need to know how to best structure information transfer to increase adoption.
	This paper evaluates the impacts of receipt of text messages on knowledge and adoption of IPM among potato producers in Carchi, Ecuador, and shows that text messages improve farmer knowledge and encourage adoption.  The use of an RCT allowed clean identification of the intervention effect and the empirical analysis, combined with psychological constructs, enabled analysis of the mechanisms behind behavioural change.  Farmers who received text messages had significantly higher knowledge scores and were more likely to adopt IPM.  The behavioural theory was largely confirmed:  all predictions of the model of inattention were borne out and most predictions of the model of use of sub-optimal heuristics were also confirmed.  While the Hawthorne effect is always possible in experiments of this kind, it is hard to see how any such effect (behavioural change due to knowledge about participation in an experiment) would break one way or another as both intervention and control households knew they were part of the experiment. Moreover, the analysis clearly showed that the intervention increases knowledge (which is not possible to misreport) and that knowledge increases adoption 
These results imply that text messages are a promising tool to promote adoption of even complex technologies.  Timing, message content, and farmer ability, however, all should be considered—the reminder effect can be exploited mainly for simple practices that can be acted upon immediately. More complex messaging is needed to overcome use of sub-optimal heuristics and poorly trained or unskilled farmers will need a different package of messages, especially when the targeted practices are complex.  An additional caveat is that delivery of the messages was preceded by a formal training session (the farmer field day), so the results here cannot be extrapolated to untrained farmers.  This warning is especially germane when considering the context:  Carchi is an area where IPM training had occurred for many years, although widespread formal training ended in 2004 (Carrión Yaguana et al., 2016).  As a result, IPM knowledge is higher than it would be in other parts of the country, and similar messaging programs might not work as well elsewhere.  
Despite these warnings, the message is one of cautious optimism about the potential use of ICT to promote agricultural technologies, especially those technologies where limited profit potential precludes involvement of private sector actors.
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Notes 

1. The number of farmers attending the FFDs by village varies substantially.  Sixty-four villages had only one farmer eligible for the program; 16 villages had only two participants.  The largest village had 54 participants, and the second largest, 35 participants. 
2. 18 farmers assigned to the intervention group reported not receiving the text messages, and thus did not answer the last section of the questionnaire, which had questions about the intervention. These households are, however, included in the intervention group for the analysis. 
3. All participants assigned to the intervention group who reported receiving text messages indicated that the text messages were easy to understand. About 80 per cent indicated that the frequency at which the messages were sent (three times a week) was appropriate.  About 57 (43) per cent who reported that the frequency was not appropriate indicated that they would like to receive text messages more (less) frequently. The last question was about the frequency at which the text message recommendations were used; 10, 60, 27, and 4 per cent of participants reported using 25, 50, 75, and 100 per cent of the text message recommendations, respectively. 
4. Due to the large number of villages and the limited number of participants in some villages, not all farmers participating in the program were interviewed in the follow-up survey. As a result of the randomisation, attrition should be similar between control and intervention villages and farmers. Power calculations performed before the start of the experiment indicated that the minimum sample size needed to detect a difference in mean adoption score between intervention and control farmers, setting the probability of type I error to 0.10 and type II error to 0.80, was 330.  This, along with the high costs and time commitment of reaching additional farmers, guided the decision on the number of farmers to reach for the follow-up survey. 
5. Two IPM practices (using IPM recommended chemicals to control for weevil and tuber moth) should be adopted only contingent on observing the pest. Adoption of these practices cannot be assessed for farmers who did not observe weevil or the tuber moth, and did not apply any chemical control. Thus, the total number of potential IPM practices that could be adopted differ across farmers. For this reason, we quantify adoption in terms of per cent.
6. The dataset is organized such that for each household, there is one row by IPM practice (question) for the adoption (knowledge) model.
7. As an additional robustness check, an anonymous reviewer suggested re-estimation of the econometric models by dropping the village with the greatest number of observations to ensure that village heterogeneity does not drive the findings. Models presented in tables 4, 5, and 6 were re-estimated by first dropping the largest village (54 observations), which is in the control group, and then dropping the largest village in both the control group and intervention group (35 observations). Despite dropping up to a quarter of the observations, the findings remain very consistent. The intervention significantly increases knowledge about and adoption of IPM practices. Results of these additional regressions are available from the authors upon request. 
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