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Abstract—The proliferation of user-generated content (UGC) 
results in huge opportunities to explore event patterns. However, 
existing event recommendation systems primarily focus on advanced 
information technology users. Little work has been done to address 
novice and low-literacy users. The next billion users providing and 
consuming UGC are likely to include communities from developing 
countries who are ready to use affordable technologies for subsistence 
goals. Therefore, we propose a design framework for providing event 
recommendations to address the needs of such users. Grounded in 
information integration theory (IIT), our  framework advocates that 
effective event recommendation is supported by systems capable of (1) 
reliable information gathering through structured user input, (2) 
accurate sense making through spatial-temporal analytics, and (3) 
intuitive information dissemination through interactive visualization 
techniques. A mobile pest management application is developed as an 
instantiation of the design framework. Our preliminary study suggests 
a set of design principles for novice and low-literacy users. 

Keywords—Event recommendation, iconic interface, information 
integration, spatial-temporal clustering, user-generated content, 
visualization techniques 

I. ��INTRODUCTION

HE fast propagation of social media has enabled the

creation and distribution of user-generated content (UGC). 

UGC refers to media content created or produced by general 

public rather than paid professionals. The proliferation of UGC 

creates huge opportunities to explore patterns of events, such as 

political opinions (e.g., [1]-[2]), hotel rankings (e.g., [3]-[4]), 

and road traffic conditions (e.g., [5]-[6]). Event 

recommendation is the analysis and dissemination of event 

patterns based on information cues presented in UGC [7]. Tools 

supporting effective event recommendation using analyses of 

UGC can improve decision making capabilities [8], and address 

the needs of users effectively [9]-[10].  

Event recommendation systems generally recommend 
specific items for advanced information technology users, such 
as sales information for loyal consumers or places of interest 
for travelers. Limited systems have been designed to address 
the needs of novice and low-literacy users in developing 
countries. Recommendations of high fish density areas for 
fishermen [11] or pest infestation trends for farmers are likely 
to increase productivity and earnings of these users. Novice and 
low-literacy users are often people who have adopted low-end 
information technology (e.g., mobile devices such as simple 
smart phones), but have not benefitted from event 
recommendation services.  
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It is necessary to close this gap by providing effective event 
recommendation systems that can meet the needs of novice and 
low-literacy users. This raises a research question: How can we 

design event recommendations systems using user-generated 

content for novice and low-literacy communities?  
We propose a design framework for event recommendation 

systems with three sets of activities for process innovation. 

Grounded in information integration theory (IIT), our 

framework advocates that effective event recommendation is 

supported by systems capable of (1) reliable information 

gathering through structured user input, (2) accurate sense 

making through spatial-temporal analytics, and (3) intuitive 

information dissemination through interactive visualization 

techniques. We developed a mobile pest management 

application as an instantiation of the design framework for 

novice and low-literacy agricultural users. It incorporates 

iconic selection input method, spatial-temporal database and 

clustering algorithm, and visualization techniques derived from 

visual information-seeking principles [12].   

Our study makes three major theoretical contributions. First, 

based on Walls et al.’s [13] model for information system 

design theory (ISDT), we theorize a design framework for the 

development of event recommendation systems. Second, we 

advocate three sets of activities in process innovation that can 

improve the effectiveness of event recommendations.

Grounded in IIT, effective event recommendations can be 

facilitated by reliable information gathering, accurate sense 

making, and intuitive information dissemination. Third, we 

define novice and low-literacy communities as the target users. 

Most theoretical work focuses on advanced users, neglecting 

the characteristics and needs of novice and low-literacy users.  

We also make three major practical contributions. First, the 

study provides industry insights for event recommendation 

systems based on the design framework. Second, practitioners 

who are developing information technology innovations for 

novice and low-literacy users can benefit from our in-depth 

analysis of the needs and challenges. Third, we offer guidelines 

for system development teams designing such event 

recommendation systems.  

Our paper is organized as follows. We first highlight the 

unique characteristics of novice and low-literacy users and 

describe challenges associated with event recommendations for 

such users. We then present an overview of our design 

framework and elaborate on the main components. A 

preliminary description of the mobile pest management system 

is delineated. We conclude with a summary of our research 

contributions and potential future directions. 
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II. ��BACKGROUND

The novice and low-literacy communities constitute about 3 

billion people in the world population who have mobile phones 

and are ready to provide and consume UGC [14]. Two 

characteristics of such users should be taken into consideration 

when designing information technologies for them. First, 

mobile phone is the dominant information technology, thus the 

design framework should be built on the mobile platforms. 

Second, the literacy level (e.g., reading, writing and technology 

capabilities) of such users is usually low and functional. 

Friendly user interface design is needed to reduce mistakes in 

generating new content and facilitate understanding on 

information delivered to them.  

Considering these challenges, three characteristics of UGC 

from novice and low-literacy users have proven to affect event 

recommendation: control on information quality, complexity of 

content, and enormity of data [15]. First, the quality of UGC 

varies drastically from excellent to abuse and spam [16]-[17], 

casting doubts onto the reliability of information generated. 

Although it may be hard to eliminate low quality information, it 

is possible to reduce mistakes in generating information via a 

well-designed user interface [18]. For instance, structured data 

input has been proven to improve data accuracy (e.g., 

[19]-[20]).  

Second, mobile platforms encompass very large scale

conversations across space and time [21]. The enormous 

information quantities make such UGC difficult to evaluate and 

analyze [15]. Spatial-temporal database has been applied to 

manage large volume electronic data [22]. Advanced analytics 

incorporating location and time factors can also be used to 

analyze large volume data sets [23].  

Third, most content are tagged with contextual information 

(e.g., location and time) with the advent of location-based 

technologies [24]-[25]. It is challenging to present the 

multidimensional information on handheld devices [26]-[27]. 

Various visualization techniques are applied in different 

applications to solve the problem, such as text-list/map-based 

information visualization, adaptive filter techniques, and 

pop-up window techniques.  

Our study aims to solve these challenges by advocating a 

design framework based on Walls et al.’s [13] model for ISDT 

(see Table I).   

III. �A DESIGN FRAMEWORK FOR EVENT RECOMMENDATION

Design guidelines are needed due to the lack of previous 

tools supporting event recommendation for novice and 

low-literacy users. Wall’s et al. [13] model helps to guide the 

design product and is often used in the formulation of ISDT. It 

incorporates four components: (1) kernel theories, (2) meta- 

requirements, (3) meta-designs, and (4) testable hypotheses. 

The kernel theories govern meta-requirements for the design 

product. The meta-requirements are fulfilled by the

meta-designs, and testable hypotheses are used to evaluate how 

the meta-designs satisfy meta-requirements. Employing IIT as 

our kernel theory, we propose meta-requirements, meta- 

designs and testable hypotheses for our design framework.  

TABLE I
COMPONENTS OF THE DESIGN FRAMEWORK FOR EVENT RECOMMENDATION

1. Kernel theories 

Describes a set of 
theories from social 
sciences governing 
design requirements (for 
example, information 
integration theory) 

Adoption of Information Integration Theory 
(IIT) 

2. Meta-requirements 

Describes a class of 
goals to which the theory 
applies (for example, 
enablers of event 
recommendations) 

Support for effective event recommendation 
for novice and low-literacy users by enabling: 

1) Reliable information gathering 

2) Accurate sense making 

3) Intuitive information dissemination 

3. Meta-designs 

Describes a class of 
artifacts that are 
hypothesized to meet 
meta-requirements (for 
example, the design of 
specific interface 
elements for novice and 
low-literacy users) 

Incorporation of appropriate user interface, 
clustering algorithm, and visualization 
methods that are collectively capable of 
realizing the information gathering, sense 
making, and information dispensing 
meta-functions. Specific meta-design 
elements are: 

1) Utilization of iconic selection as the input 
method 

2) Utilization of spatial-temporal clustering 
algorithms to analyze the datasets 

3) Inclusion of interactive visualization 
methods from visual 
information-seeking principles 

4. Testable hypotheses 

Describes a set of 
predictions used to test 
whether the 
meta-designs satisfy the 
meta-requirements (for 
example, the empirical 
evaluation of specific 
interface elements on 
system outcomes) 

Empirical evaluation of the meta-designs’ 
ability to effectively recommend event by 
supporting the three meta-functions. Specific 
testable hypotheses are: 

1) Ability of iconic selection to enhance the 
reliability of information gathering 

2) Ability of spatial-temporal clustering 
algorithms to enhance the accuracy of 
sense making 

3) Ability of interactive visualization 
techniques to enhance the intuitiveness 
of information dissemination 

4) Ability of reliable information gathering, 
accurate sense making and intuitive 
information dissemination to enhance 
the effectiveness of event 
recommendation  

IV. ��KERNEL THEORY

Information integration theory (IIT) states that each piece of 

information has its value (either favorable or unfavorable) and 

weight (perceived importance) [28]. Event recommendation 

systems should be able to understand the value and weight of 

each piece of UGC in order to identify events based on 

available information.  

For example, Steve reports to the mobile system that he 

observes some pests on his farm. The value of this information 

is whether the content of the report, including the pest event, 

location and time, is trustable or not (e.g., “Is this event 

consistent with most people’s reports about the same event?”). 

The weight is how much this report matters to the system for 

identifying the pattern of a focal event (e.g., whether it is a 

unique report that does not exist in the database).  
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If it does matter (has some weight) and the system identifies 

the content in the report as trustable, then this piece of 

information will be used by the system to analyze event 

patterns and disseminate a useful recommendation to the target 

users (i.e., Steve and other users who are probably suffering 

from this problem). The events identified by the system would 

be changed when new information comes. As IIT states, when 

one obtains new information, those new pieces of information 

will affect the result [28].   

Therefore, information integration in the mobile system is an 

iterative process of gathering information from various sources, 

making sense of all the information, and dispensing the 

information about the latest event to target users. As such, we 

derive three meta-functions from IIT: information gathering, 

sense making, and information dissemination. If reliable 

information can be gathered, this creates opportunities for 

advanced sense making (e.g., about the spread of pests). If 

accurate sense making can be carried out, this creates 

opportunities for large-scale information dissemination (e.g., 

about event warnings and actions to deal with pests). If reliable 

information can be disseminated in forms that are intuitive, 

target users can benefit by taking timely action to deal with the 

event. This is an effective event recommendation process (see 

Figure 1).  

First, the information gathering meta-function provides 

platforms to collect information generated by users. It helps to 

address the research question by answering: (1) how we can 

design friendly user interfaces that can facilitate user inputs via 

an organized manner, and (2) what interface features are 

needed to ensure the quality of user inputs.  

Second, the sense making meta-function offers appropriate 

algorithms to create, compile, select, and filter the mass 

datasets and recognize the informative event patterns. It 

contributes to the system by addressing: (1) how we can 

organize the enormous and complex data over space and time, 

and (2) how we can apply clustering algorithms to analyze the 

spatial-temporal datasets.   

Third, the information dissemination meta-function refers to 

the approach of sending messages to the end users. It helps to 

address: (1) who the user in need of receiving the 

recommendation is, and (2) how we can disseminate the 

recommendation to the user. 

Fig. 1  Key Concepts in the Design Framework

V. ��META-REQUIREMENTS AND META-DESIGNS

Meta-requirements entail consideration of system features 

capable of representing the three meta-functions. The objective 

of meta-designs is to introduce a class of artifacts that are 

hypothesized to meet the meta-requirements [13]. This section 

discusses the details of the meta-requirements and 

meta-designs (see Table II). 

TABLE II 
META-REQUIREMENTS AND META-DESIGNS FOR THE SYSTEM
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A. ��Information Gathering 

The information gathering meta-function requires a 

well-designed user interface to guarantee the reliability of 

information generated by novice and low-literacy users. Many 

empirical studies have noted that structured data input method, 

such as an iconic interface and input selection, can reduce 

errors across different literacy levels and culture settings (e.g., 

[29]-[30]). As our target users are novice and low-literacy 

communities, we adopt icon selection as the input method to 

ensure reliable information gathering.  

B. ���Sense Making 

An effective data mining technique is the core of the sense 

making meta-function. Data mining is a process of discovering 

new patterns from large data sets [31]. According to Fayyad et 

al. [32], data mining is a knowledge discovery process that 

consists of applying data analysis and discovery algorithms that 

produce a particular enumeration of patterns (or models) over 

the data. In this study, we focus on two crucial components in 

data mining: (1) a structured data model to store large volume 

electronic data and (2) a data analysis algorithm to cluster the 

data and recognize the pattern.  

Each piece of information includes the event situation, 

location, and time. As such, a spatial-temporal data model is 

needed to organize the information over space and time. 

Similarly, a spatial-temporal clustering algorithm, such as 

DBSCAN (density based spatio-clustering of application with 

noise), is required to identify the situation from the dynamic 

event patterns (e.g., [33]-[34]).   

C. ���Information Dissemination 

The information dissemination meta-function needs 

interactive visualization techniques to deliver intuitive 

information. Ben Shneiderman [12] suggests a ‘mantra’, an 

overriding principle for developing visualizations: Overview 

first, zoom and filter, then details on demand. The aim of this 

visual information-seeking principle is (1) to provide people 

with a good overview of the whole dataset, (2) to allow 

zooming in and focusing on details when required, and (3) to 
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provide dynamic queries filtering out the data that are not 

required [35]. Grounded in this principle, we propose that 

intuitive information dissemination can be achieved by a 

map-based information overview, zoom in/out display, 

content-based filter mechanism, and pop-up windows for 

details.  

VI. 	�TESTABLE HYPOTHESES

Testable hypotheses assess whether the meta-designs satisfy 

meta-requirements [13]. For the proposed design framework, 

this evaluates the meta-design’s ability to recommend the event 

based on the three meta-functions of information gathering, 

sense making and information dissemination. In the 

recommendation agent literature, the effectiveness of a 

recommendation can be measured by the extent to which a 

user’s decision-making processes are aligned [36]. From a 

decision-making perspective, an effective recommendation is 

able to accurately derive important patterns or phenomena of 

interest from reliable information sources. It should be able to 

present the patterns or phenomena of interest in a 

comprehensive format. For the proposed design framework, a 

suitable meta-design must incorporate features capable of 

recommend patterns or phenomena of interest by following the 

three meta-functions. In the following section, we describe a 

mobile pest management application developed as an 

instantiation of our design framework. We use this system to 

evaluate the effectiveness of our meta-designs.  

VII. 
�PROTOTYPE: THE PEST MANAGEMENT SYSTEM

Based on our design framework, we develop a prototype of 

the mobile pest management application. This system aims to 

gather information from individual farmers, conduct sense 

making to analyze pest infestation patterns and disseminate 

information to help farmers take timely actions. Figure 2 shows 

the system design. Figures 3 and 4 show the prototype .  

Fig. 2 System Design 

Fig. 3 Information Gathering 

Fig. 4 Information Dissemination 

VIII. ��EXPERIMENT EVALUATION

Our objective is to test the hypotheses using the prototype. 

The meta-design’s effectiveness for representing the 

meta-functions in the mobile pest management system will be 

tested in a series of laboratory experiments and field studies. In 

our preliminary study, we conducted a laboratory experiment 

with three between-subjects factors: input method (iconic vs. 

text selection), cluster analysis (available vs. unavailable), and 

visualization interactivity (high vs. medium vs. low). Thus, we 

employed a counterbalanced, full factorial design, which 

included a total of 12 combinations.  

The task of reporting and retrieving pest infestation problems 

was chosen for the experiment mainly based on two reasons. 

First, a high economic impact event is an ideal context for 

studying the effectiveness of recommendation as the decision is 

vital and decision-makers will be careful for economic benefits. 

Second, the parties involved in the problems can represent the 

novice and low-literacy users focused in our design framework.  

A. ���Independent Variables 

   The three independent variables are the features representing 
the three meta-functions. First, two methods of information 
input were studied: iconic and text selections. Users who 
generated content with iconic selection interface would select 
the right icons that represented their content. Users who 
generated content with text selection interface would select the 
most appropriate items from a list of textual descriptions. 
Second, two levels of cluster analysis were studied: available 
and unavailable. Participants in the available cluster analysis 
group would see the event distribution with visible border and 
severity levels of each cluster.  Participants in the unavailable 
cluster analysis group would see the rough data point without 
visible distribution border. Third, three levels of interactive 
visualization were studied: high, medium and low. Based on 
visual information-seeking principles, the overview was the 
basic level. One more feature was added to the higher level. 
Participants in low level interactivity group could only see a 
static event overview map. Participants in medium level 
interactivity group could zoom in/out the map and see filtered 
information. Participants in high level interactivity group 
would see detailed information about a focal event in pop-up 
windows.  

B. ���Dependent Variables 

The measurements for dependent variables are adapted from 

previous validated scales. The effectiveness of event 

recommendation is operationalized as the perceived 

effectiveness of the seeking process and the perceived 
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helpfulness to decision making. Participants were asked to 

evaluate whether the process of seeking recommendations from 

the system was fast and accurate (perceived effectiveness of the 

seeking process). They were also asked to rate the extent to 

which their decision-making processes were improved by the 

recommendation. The questions were measured with 7-point 

scales anchored by the statements “strongly disagree” to 

“strongly agree”. This determined the likelihood that the 

participants believed that the event recommendation was 

effective.  

C. ���Participants and Experiment Procedures 

180 novice and low-literacy users were recruited and 

randomly assigned to the 12 experimental groups. Through a 

role-based scenario, participants were told to report a recent 

pest problem on their farm and read recommendations from the 

system. Before they started the task, participants were asked to 

do a pre-study questionnaire about their demographic 

information and prior experience with mobile usage. Next, 

participants were instructed to navigate and locate information 

on a specific function to become familiar with the system 

layout and its various features.  

Third, participants were instructed to generate a report about 

a recent pest problem on their farm. After they submitted the 

report, they were instructed to read recommendations from the 

system regarding the problem they generated. The system was 

deployed on Android mobile phones. To minimize the potential 

impact of confounding factors such as environment and 

mobility on user performance during the experiment,

participants were asked not to pick up the mobile phone from a 

cradle placed on the table and were required to sit in their chair 

[37]. Lastly, participants were required to fill a post-study 

questionnaire, which included manipulation checks and 

measurements for dependent variables. Currently, this research 

is in progress and data analyses are being conducted to validate 

the hypotheses. 

IX. ��CONCLUDING REMARKS

This paper aims to propose a design framework for event 

recommendation systems and apply it to a mobile innovation 

system for pest management among farmers. Our theoretical 

contribution is the theorizing of a design framework for mobile 

systems used by novice and low-literacy communities based on 

Walls et al.’s model for ISDT. The framework advocates the 

development of systems that support all three information 

integration meta-functions described by IIT. The practical 

contribution is the novel design and prototype of the mobile 

pest management application It incorporates iconic selection 

input method, spatial-temporal database and clustering 

algorithm, and visualization techniques derived from visual 

information-seeking principles. In future, using the system 

features and techniques, we will conduct both laboratory 

experiments and field experiments to test the effectiveness of 

the design framework.  
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