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ABSTRACT
Teacher support for students in ubiquitous learning environments is
challenging owing to physical distance and a lack of reliable real-time
multimedia-rich communication. This is further complicated because the
learning process is dynamic and problems need quick resolution. Given
these challenges, this study proposes an architecture for a teacher facil-
itation support system. The system was implemented in the form of an
interactive teacher dashboard. The interface also generates possible
solutions to learning challenges while leaving the ultimate decision up
to the teacher. The system feasibility was tested by work-through sce-
narios designed and validated by two experts. The system usability was
evaluated using the System Usability Scale by 40 potential users. The
findings revealed that the dashboard has good feasibility and usability
for providing teachers relevant information about their students’ learn-
ing progress in ubiquitous learning environments. It also enabled oppor-
tunity for pedagogical intervention when needed.
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Introduction

The traditional classroom model of learning embodied by direct face-to-face instruction has ceased
to represent the real manifestation of education in recent years, with the result that it has become
difficult to directly assess student learning processes in traditional ways. In the place of the
classroom model, online options involving digital content and technology-supported learning
environments, such as learning management systems (LMSs), have become increasingly common
(Bauer & Bauer, 2013). LMSs have become common in educational institutions because they not
only provide a common platform for content delivery and interaction among students, but are also
able to display students’ learning activities, summaries of their assessments and relative progress
through various course elements. Furthermore, mobile learning utilises lightweight devices (such
as mobile phones and tablets) that can connect to the Internet with wireless communication
technologies; these devices enable learning anytime and anywhere (Reeves, Gunter, & Lacey, 2017).
With such proliferation of mobile devices, learning opportunities have expanded again to encom-
pass both cyber learning and real-world learning, forming what are known as ubiquitous learning
environments.

In ubiquitous learning environments, teachers and students are seldom, if ever, in the same
physical space, a significant change from traditional learning environments, in which students, in
peer groups, and teachers interact face to face for content delivery. When delivering content
remotely, teachers can find themselves disconnected, as they are often unaware of their students’
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activities and difficulties. In such situations, students may benefit from new and more diverse
learning resources; however, these strategies are often implemented at the risk of decreased
interpersonal learning support. The challenge of a ubiquitous learning environment, then, is not
to provide information or learning services anytime and anywhere, but rather to push the right
information at the right time in the right way to the right person (Fischer, 2012).

While the teacher’s role as a content delivery expert may be reduced in ubiquitous learning
environments, the need for their pedagogical skills in effective facilitation has, if anything,
increased in importance. The need for a teacher’s guidance has become greater as students
encounter new and more complex learning opportunities. The difficulties students face can be
exacerbated by the potentially overwhelming number of cyber learning and real-world learning
objects and scenarios which students have available to them. In any learning situation, there is
generally a need for both individual and dynamic guidance and facilitation in order for students to
have a high chance of success (Hwang, 2014). This need becomes problematic in ubiquitous
learning environments, owing to the inherent distance between the teacher and the students in
such environments.

To overcome insufficient information about students’ learning progress and the lack of face-to-
face connection in ubiquitous learning environments, teachers need to be provided with new
mechanisms that make them aware of problems students may be facing, preferably along with
potential solutions that they can use to be effective learning facilitators.

Electronic Performance Support Systems (EPSSs) have been considered as a potential solution,
since they attempt to provide necessary resources for performance and learning at the moment of
need in real time (Ugur-Erdogmus & Cagiltay, 2018), which aligns with the situation students
encounter in ubiquitous learning environments. The use of EPSSs has been found to be effective
in improving individual and organisational performance (Xu, Luo, & Zhang, 2012). There have been
attempts to integrate the concept of EPSS into educational settings to enhance teaching and
learning (Peng, Chuang, & Hwang, 2007); for example, Moore and Orey (2001) provided
a framework for the implementation of an EPSS at a middle school, which provides an opportunity
to view support for teachers from a new perspective. Chang (2004) presented a ubiquitous
performance support system for high school teachers in Taiwan aimed at providing them with real-
time support and information. The findings all indicate that utilising EPSSs decreased the amount
of time to perform tasks and assisted teachers’ work, while providing real-time support to the
students. This is particularly important for ubiquitous learning environments where students may
be geographically and temporally dispersed, and therefore individual support to students may
overburden the teacher and increase the time it would take for the teacher to respond to the
students’ needs. Therefore, this research uses the EPSS concept to enable teachers to support
students in ubiquitous learning settings.

Based on the concept of EPSS, this study intends to propose a generic approach to supporting
teachers in ubiquitous learning environments, recognising that learning is no longer bound by any
one system or environment. Instead, educating students is a continuous process that draws upon
a variety of sources and options; this process can and should be driven by the students themselves.
To recognise and properly support students in such environments, there is an even greater need
for guides or learning specialists who can assist when difficulties arise for students. The role of
teacher is an evolving one, becoming less well defined with the introduction of distributed learning
and teaching environments moving towards a fully ubiquitous scenario.

One solution to the new problems arising from ubiquitous learning environments is to provide
teachers with access to information that can help them monitor, investigate and assist students
during the learning process (Muñoz-Cristóbal et al., 2015). This type of approach has been used in
other fields; for example, the business domain utilises Executive and Management Information
Systems (EIS, MIS) to provide business leaders with access to current information in a way that they
can understand quickly and easily. One of the best examples of this type of interface is Dashboards,
which render information quickly and dynamically in order to provide decision makers with the
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tools they need to assess and deal with real-world problems (Maldonado, Kay, Yacef, &
Schwendimann, 2012; Verbert, Duval, Klerkx, Govaerts, & Santos, 2013). These tools frequently
make use of visualisation techniques, such as graphs and diagrams, to display complex information
in a relatively simple manner. In the present study, a similar approach is proposed for ubiquitous
learning environments in order to allow teachers to be more effective in observing individual
students, identifying struggling student groups and guiding whole classes as students engage in
learning processes and demonstrate outcomes (Aljohani & Davis, 2012).

Based on the background and motivations described above, the study presented in this article
mainly focuses on analysing and developing a teacher dashboard system, and evaluating this
system’s feasibility and usability. Two research questions are explored:

RQ1: What elements are needed to design and implement a teacher dashboard system for
supporting teachers in ubiquitous learning environments?

RQ2: Does the proposed teacher dashboard system meet the feasibility and usability generated
using work-through scenarios and the System Usability Scale?

The rest of this article is organised as follows. A review of the related literature and the
contributions of various fields is presented in Section 2 to provide an overview of the current
state of the discipline. Section 3 describes the analysis of the requirements for a teacher facilitation
support system. The evaluations of system feasibility and usability are presented in Section 4.
Finally, a discussion concluding the findings and identifying areas for future work is presented in
Section 5.

Literature review

Researchers have conducted various studies on applying mobile technologies to providing learners
with personalised and adaptive support (Hwang, Tsai, Chu, Kinshuk, & Chen, 2012; Imtinan, Chang,
& Issa, 2014). However, very little attention has been paid to determining how best to support
teachers in distance and ubiquitous learning environments. Peng et al. (2009) developed
a Ubiquitous Performance Support System, which helps school teachers make decisions based
on data collected from various sources. It allows teachers to keep track of their students’ learning
behaviour in the field, such as locations, duration and notes taken. The findings highlight the
advantages of using mobile technologies to aid teachers in their decision making. Fulantelli, Taibi,
and Arrigo (2014) presented a framework to support educational decision making that utilises the
relationships between interactions occurring in a mobile learning activity and the tasks that are
pedagogically relevant for that learning activity. Ogata and Yano (2008) developed a LOCH
(Language Learning Outside the Classroom) system named One Day to assist overseas students
in learning Japanese in real-life situations using a mobile device. One Day provides teachers with
task assignment support based on students’ current locations and Japanese language skills. The
evaluation of this system indicated that it helped to ensure smooth responses to user questions
while maintaining the motivation of users in the system.

In current educational research, there is a notable lack of work on decision support in ubiquitous
learning contexts. However, there are frameworks available from other fields, such as finance and
experimental science, that have potential for providing background information crucial for creating
a teacher support model. Since this research involves providing support to the educational process
by leveraging human intelligence in conjunction with machine interfaces, automated work on
intelligent tutors, learning companions and student risk identification and recommender systems
provide relevant insights into the challenges of providing dynamic responses from a machine-
driven perspective.
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Automated systems using artificial intelligence techniques have shown success in providing positive
feedback to students and results (Mitrovic, Martin, & Suraweera, 2007). These systems enable real-time
responses, which can improve a variety of student interactions with educational content. The challenge
arises from the difficulties around programming these systems to be adaptive so they can adjust to
new student needs (Kinshuk, Chang, Graf, & Yang, 2010). They also tend to be very content specific;
attempts to reuse them or convert them to work with a different knowledge domain generally require
extensive programming. This suggests a flexible approach where new problems or learning objectives
need to be added in order for such a system to be able to handle new components (Hwang, Kuo, Yin, &
Chuang, 2010). In a ubiquitous learning environment, this lack of flexibility is particularly concerning, as
there is a wide variety of learning opportunities that can occur digitally, physically or socially (Seneca,
2014). Tools such as learning companions and recommender systems seem to work very well because
of their relative simplicity; however, they tend to focus on one or two specific goals (Rodriguez-Cerezo,
Gomez-Albarran, & Sierra, 2011). A successful system for use in ubiquitous learning environments will
probably require complementary components that can augment the directed functionality performed
very well by automated approaches. The construction of artificial intelligence elements also indicates
the need for human input, as these elements are commonly built using rules generated by expert users
(Mitrovic et al., 2007). Typically, these experts provide knowledge about processes, which are then
implemented programmatically to handle certain situations and outcomes likely to be encountered by
the user. Automated learning systems frequently attempt to replicate key human processes, but do so
without the flexibility and adaptability necessary to create a universal approach.

To provide greater insight into learning issues, we turn to the fields of educational data mining
and learning analytics, which extract useful and actionable information from large datasets (Baker &
Siemens, 2014). These emergent fields frequently leverage techniques developed in other fields in
conjunction with those developed with a focus on learning. Researchers have extracted useful
patterns from the vast repositories of data found in web logs, LMSs, student information systems,
social media sites, global positioning systems and an array of other student tracking sources.
Researchers have started to aggregate this often disparate data even as they use it to generate
powerful insights into student behaviour. The development of these techniques tends to be very
complex, requiring expert skills in data mining, which presents a huge learning curve to domain
specialists from other fields who may wish to utilise learning analytics and educational data-mining
processes. Data-mining algorithms tend also to be time and resource intensive. Learning issues can
be very time-sensitive matters and there may not be time to wait for the results of data mining.
These issues suggest that a hybrid approach, in which complex and basic data-mining techniques
are offered jointly to provide details about learning activities, may be optimal.

In other fields, decision support systems have proven to be very effective at collecting and
analysing information in vast quantities (Demirkan & Delen, 2013). These systems generally take
complex data-mining outcomes and use a variety of visualisation techniques to render massive
amounts of information in a way that is interpretable and useful to a user. These systems can
also make suggestions, but they rely on the final evaluation of the end user to determine the
best course of action. This dual approach effectively applies both human and machine intelli-
gence to the challenges of processing complex problems that require large data inputs com-
bined with sophisticated decision-making processes. In educational contexts, very specific
techniques have been developed to identify students who have reached a level of risk requiring
a teacher to intervene. For example, Arnold, Tanes, and King (2010) built a data-mining tool
called Signals to promote student success and retention. Macfadyen and Dawson (2010)
examined a similar tool for finding students who match critical risk factors and may require
a teacher’s immediate intervention. These systems focus on a very specific but still extremely
complex problem that constitutes a key component of any decision support system. It is
important to note here that these systems are responsible for simply identifying students, not
actually responding to their needs.
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From an information presentation perspective, it is also important that systems useful for teachers
and students be able to communicate complex data constructs effectively. A significant skill level is
required to develop the algorithms and heuristics that generate patterns. This level of complexity can
also translate to the results themselves, requiring a high level of skill or knowledge to interpret properly.
Any program that is usable will have to present information in ways that are easy for an average person
to understand (Ali, Hatala, Gaševic, & Jovanovic, 2012). This increases the utility of the information as
well as reducing the possibility of it being misinterpreted. Fortunately, there is no shortage of
visualisation techniques, as a number of tools have emerged in recent years to aggregate, manipulate
and display information in a whole host of ways. Simple techniques such as tables and summary
terminology can be used in conjunction with complex graphs and multidimensional data objects to
display data in visually appealing ways (Mottus et al., 2015) while keeping the interpretation process
easy for teachers and allowing them to maximise the time they spend on supporting students while
having the information they need to make effective decisions.

In summary, while a number of strategies have been used to support teachers and students, there
still remain a number of key issues with decision support systems. First, there is the challenge of
analysing patterns in the learning process, specifically how learning occurs andwhere the impediments
and problems lie. This analysis needs to be presented in a manner that is easily understood by teachers
without the need for extensive training or data analysis skills. Second, there is the problem of making
systems more adaptive so they can handle the full range of learning challenges that can occur both
within and outside of pre-defined learning opportunities. Finally, the results need to be rendered in
a functional framework that can be customised by teachers so they can locate information easily and
make informed and effective decisions necessary for supporting student learning.

Analysis of the requirements of the teacher dashboard system

To analyse the requirements of the proposed teacher dashboard system, two methods have been
adopted: the first is a literature review to identify relevant scenarios that might need to be
incorporated into the system, and the second is expert interviews to derive a set of design
dimensions based on the needs of teachers.

To start the process, a very similar project has been identified (Dyckhoff, Zielke, Bültmann,
Chatti, & Schroeder, 2012) that looked at bridging the complexity gap between learning analytics
and teachers who might not be experts in data-mining techniques. Many of the guiding require-
ments within that article were very similar to the objectives identified within this one: usability,
interoperability, extensibility and real-time functionality. That research also looked at how visual
representations could be used in conjunction with one another to form a bigger picture for the
teachers. The researchers did not necessarily look at scenarios or the high-level tasks that might be
used to aggregate certain functions. As Fry (2008) pointed out (p. 5): ‘Proper visualization is a kind
of narrative’ and ‘The most important part of understanding data is identifying the question you
want to answer.’ This framework then suggests a more holistic approach than merely looking at
discrete datasets, even ones that interact with one another.

Fortunately, there are a number of data sources that can be used to infer the necessary
components of a teacher dashboard. The most logical group to start with is the teachers
themselves. There are a number of studies that have been carried out in the literature to
discover what challenges teachers face and what needs they have. Many of the results highlight
the technical challenges faced by teachers and the need for support (Guri-Rosenblit, 2009). For
example, a teacher who participated in the Survey of Distance Education indicated the need for
improved communication, motivation and learner-centred designs (Murphy & Rodríguez-
Manzanares, 2009). These goals require a more gestalt mechanism for displaying student
information that identifies not only their learning but also the day-to-day context in which
they exist. To further refine teachers’ requirements, guidance was taken from experts in fields
related to online learning.
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In order to articulate the basic set of requirements for a prototype, a set of teacher actions
needs to be defined. These items were selected to identify the purposes of various ‘screens’ within
the prototype. To create the list, we assessed the fundamental duties that a teacher performs. The
most obvious function is the management of a class as a whole. Whether in a face-to-face
interaction or in a digital context, a teacher is generally given a class list to monitor and work
with. In the absence of face-to-face communication in an ubiquitous context, the teacher must rely
on data analysis to find patterns and understand overall results within a class. While learning
materials provide a similar environment for digital students as traditional classroom students, the
teacher needs to be able to analyse the overall progress of his or her class.

Since the student cohorts in ubiquitous learning environments would need to accommodate
students in many different physical locations, the teachers of these ubiquitous cohorts have
a unique need for a number of students in a cohort of a reasonable size. Ideally, these cohorts
would also have certain similarities, allowing teachers to work with them in similar ways. A teacher
might also encourage the creation of working groups so as to enhance peer communication and
increase opportunities for collaboration. This is an important consideration, as there is a school of
thought that holds that individual learning can only progress so far (Garrison, 2009). Additionally,
as a teacher drills down to smaller datasets, specific learning characteristics start to take on greater
importance. Learning styles and pace become important groupings that allow a teacher to make
more efficient recommendations to groups rather than having to always drill down to specific
students to provide support and assistance.

Ultimately, a teacher may have to drill down to the individual student level, potentially com-
municating with them at a distance in real time while understanding the personal situation that
the learner is working within. The teachers therefore must be highly efficient in their use of time in
order to make sure they target communication as effectively as possible, to be able to assist
students in diverse locations. Teachers of ubiquitous learning environments still require similar
information as traditional classroom teachers, including details about real-world student learning
support, student location and learning patterns.

Within the ubiquitous learning community, there is a focus on an ‘alert’ style of systems, which
focuses on students in need or events that require immediate attention (Chiu, Choi, Wang, &
Kafeza, 2009). There is also a common dashboard feature that gives a high-level overview of the
working environment, containing recent communications as well as real-time activities. The pur-
pose of this information is to allow teachers to focus their resources on critical events where their
attention is needed immediately.

Two experts in the area of ubiquitous learning were interviewed based on the above; the results
were analysed and five design dimensions were derived to guide the requirement analysis. The
derived five dimensions are as follows: the class perspective, the student perspective, the group
learning perspective, student(s) in need (risk), and the decision-making support for the teacher.
Each of these dimensions is discussed in the following sub-sections.

The class perspective

This dimension examines classes as a whole. This meant that dozens, hundreds or even thousands
of students could be represented as a series of visual objects. These data-driven visual objects
would need to provide summaries that illustrate different groups ultimately comprising the class as
a whole. This type of visualisation is required to give the teacher a general sense of the class and its
make-up in terms of learning styles, knowledge levels, progress, general satisfaction and so on.
Various objects in this group also interact very tightly, as manipulating individual visual objects can
influence other, related objects. In this way, the teacher should be able to adjust the view and be
able to identify groups or individuals of interest.

Another concept relating to the class perspective involves looking at how the entire group is
progressing. This view includes the potential for open intake, which allows students to start courses
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at any time rather than as discrete cohorts. It was useful in this context to dynamically group
students by ranges of start dates. High-level statements about the class as a whole can also be
defined by looking at satisfaction, knowledge level and progress of students. Further elements
requiring attention were also grouped at a class level to identify when students started falling
behind or developing other learning needs that put extra stress on educational resources in a class.
This scenario drew attention to the fact that while content resources are quite large, support
resources aimed at assisting teachers or teaching staff were not.

The student perspective

While the main focus of this research is to create and test a teacher support tool, this does not mean
the student perspective should be ignored. Instead, it is important to recognise that the actions
suggested by the teacher support tool are designed to have a direct impact on student learning
activities. This is an important point, as the proposed hybrid system mitigates the risks of a fully
automated approach. There is always a teacher who ultimately makes the final decision and, while
fallible, teachers have the ability to evaluate their decisions on an ongoing basis. They can also
establish direct communication with students in an ubiquitous environment when possible to gain
additional information the system may not have access to. From a student’s perspective, this means
students can receive effective support in a number of ways, including a variety of communication
methods and learning resources. As students work through the learning material, they can be assisted
directly by teachers, tutors and peers as they are met with the various learning challenges in the
ubiquitous setting. They can be subtly supported by means of information that is provided to them in
the form of different learning options. These support options should result in a more robust
ubiquitous learning environment that the students can navigate and with a higher degree of success.

The group learning perspective

There were two categories of groups identified within a class: pre-defined groups from projects or
other learning activities, and groups created dynamically as a result of the selections made from
visualisations of the entire class. Pre-defined groups can be evaluated and given guidance a bit
more easily, as the members of those groups tend to be at similar stages in their coursework,
making comparisons on the basis of knowledge levels, learning styles and risk factors simpler. By
contrast, examining ad hoc groups requires discovering patterns or looking for commonalities that
may be impacting learning success. While it is possible for teachers to provide guidance, they
would need to do so in real time.

The student(s) in need

Being able to identify students with learning difficulties provides teachers with a very powerful
tool, as it allows them to focus their energies on those students who are in the greatest need and
allowing teachers to drill down on specific information very quickly in order to optimise the use of
their time (Macfadyen & Dawson, 2010). The proposed scenario examined how this would work in
a dashboard environment in which multiple objects could be used to display information. When
teachers first open the dashboard, they should be presented with up-to-date information about
which students require assistance and some general context on what their circumstances are. Two
groups very quickly emerged: those who self-identified by requesting help and those who the
system identified as being ‘in need’. Each group needed to have its own visualisation objects so the
teacher could easily differentiate. Students flagged by the system needed to be placed into
different categories. One such category was stalled students (those who were no longer progres-
sing in the course or who had not accessed course material for a certain number of days or weeks);
another group was students who were simply deemed at risk owing to attributes such as low
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course prerequisites or low social interactions. By being given these categories, teachers could be
guided in their review of other information.

Another component of the dashboard display was the ability to see when students became
‘active’ by accessing learning resources from their physical location; this entailed ‘logging in’ to the
LMS, at which point students were identified if they fell into the ‘at need’ category, alerting the
teacher that an opportunity for intervention had presented itself. The final component was to look at
how the class fit together in terms of relationships. This analysis entailed a visual representation of
which students had established peer relationships, along with details of their general attributes.
From this very high-level overview, the teacher could also select individual students for deeper
analysis. Thus, once certain students had been ‘targeted’, it was possible to focus on them specifically
and gather more information about their past preferences, location, recent activity, learning styles
and so on. Finally, the teacher should also be presented with a set of actions that could assist
a student. It was determined that these suggestions should not be prescriptive, as teachers function
as experts in education who are ultimately responsible for selecting the proper course of action.

Support for teacher decision making

The ultimate purpose of this research is to enable teachers to support their students in ubiquitous
learning environments, meaning that their decisions should be focused on current and future
learning challenges identified by the teacher and the system. The prioritisation of these issues was
the first consideration in this study, as teachers should be able to compare and evaluate different
learning activities to see which require immediate attention. A broad categorisation was therefore
needed that could be quickly branched into discrete choices. Once the teacher has made certain
selections, they need specific information about learning problems encountered by students. An
example would be to identify a student who is having difficulty understanding a concept; surround-
ing that issue are a number of other details, such as how long the student has been attempting to
understand the concept, what resources the student has used and what the student’s understanding
level of previous components has been. Once that information has been displayed, a series of options
can be presented enabling teachers to select actions that could be taken. It is worth noting that some
learning problems can be very time sensitive; if a student has difficulty grasping an idea, this difficulty
can easily have a negative impact on related concepts that are subsequently presented. The student
may even develop an inaccurate or incomplete understanding that would need to be unlearned and
relearned at a later time. This kind of problem can have a dramatic impact on a student, depending
on the length of time that transpires between a learning problem and its resolution. The worst-case
scenario is, of course, the outright failure or withdrawal of the student, essentially stopping the
learning process altogether. Because of the seriousness of the situation, the teacher needs to be
made aware of the problem, provided with supporting information and given a set of potential
solutions within a relatively short time frame.

Functional specifications for the proposed teacher dashboard system

The description until this point has been at a very high level, looking at guiding views and general
areas of requirements. In order to develop a comprehensive solution, it is important to design a set
of concrete functional specifications. While teachers are experts in their domain of knowledge, they
may not necessarily be expert in the computing processes that are needed for the comprehensive
solution to work. As a result, the system needs to be highly accessible and require limited training
for effective use. Various functions are therefore identified based on the analysed requirements, as
listed in Table 1.
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Evaluation of the developed teacher dashboard system

Two evaluations were conducted to test the feasibility and usability of the developed system.
Two experts in the ubiquitous learning field designed and validated work-through scenarios to
test system feasibility. On the other hand, the usability of the system was evaluated using the
System Usability Scale (Brooke, 1996) with 40 potential users. The System Usability Scale was
selected because of its simplicity and effectiveness with smaller sample sizes. Both of these
elements were important, as the purpose of this work is to design a system that can plausibly
be used by teachers in the field and can be refined in the future. An exhaustive analysis is
neither reasonable nor particularly valuable at this point, since this project is attempting to
identify architectural values rather than an optimal solution.

Table 1. Requirements for dashboard functions.

Functional area Requirement

Class-specific functions General location distribution information, assuming the class includes
students who are at different geographical locations

Knowledge levels of the students in the class
General distribution of learning styles – strong, moderate, balanced. This
refers to the degree to which students manifest one to many of the Felder-
Silverman learning styles (Graf, Kinshuk, & Liu, 2009)

Progress of students, assuming different students have joined the class at
different start times

Status of students in terms of how they are progressing: behind, on or ahead
of schedule

Visualisation of high-level averages of class performance

Ability to select groups or specific data items to ‘drill down’ on specific
information

Student-specific functions Summary of students: who they are, programme they are enrolled in and
contact information

Preferences for learning objects

Location information
Domain knowledge of individual students
Recent student activities

Learning style evaluations
Potential recommendations for teacher to work with a student

Group-specific functions Summarised details of a group
Location of group members

Summary of knowledge and progress
Potential recommendations for the teacher to work with the group

Student needs and attention functions Ability to categorise, organise and display students who need assistance

Notification of the teacher as students log on and become available
Show recent help requests

Indicate students who are identified as at risk
Provide an overview of student connections to one another

Summaries of class as a whole: progress, satisfaction and knowledge level
Capacity and use of resources in the class as a whole

Ability to select specific students to see additional information
Teacher decision-making support functions Use of a variety of visualisation techniques

Ability to move and remove elements

Divide and distribute information into discrete views or pages
Ability to link elements together
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System feasibility test by work-through scenarios

Before we present specific implementation details, the architecture of the proposed system is
shown in Figure 1.

Dashboard pages – students who need attention

Through our examination of the system requirements and functional specifications, a high-level
design emerged that focused on four key areas. The first was the idea of an overview area capable
of flagging students in need and providing the teacher with the ability to perform a ‘triage’ style of
analysis on their class and constituent students. In this scenario, a teacher is tasked with a large
number of students, possibly several hundred, and therefore, it is no longer realistic for the teacher
to simply work through a class list. Instead, teachers must use the system to identify students who
are falling behind or manifesting other risk factors, such as low grades or lack of communication
with peers and educational supports.

This type of page is frequently seen in dashboard applications that seek to draw attention to
time-sensitive elements. For example, within a business application, these alerts would be used for
reorder levels, daily sales and critical contacts. A similar approach can be taken with educational
needs, focusing on the primary recipients of teaching services: students. With this ‘critical item’ idea
in mind, this element revolves around identifying at-risk students and providing a mechanism for
focusing on them quickly (Figure 2). To make these alerts meaningful, categorisations need to be
displayed in a way that gives teachers a sense of which student needs they need to address
immediately. The following categories were identified: stalled students, as well as at-risk students
with low prerequisites and low social activity. These alerts were implemented in an expandable
table that teachers could select in order to view lists of grouped students. Within these groups, it
was also possible to select specific students to examine them individually. In this way, a teacher
could quickly see what types of students needed their assistance and in what manner.

Another visualisation was added to summarise self-identifiers who had requested help. These
students could have been grouped with the system-generated categories, but because they self-

Figure 1. High-level system architecture.
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identified by using a specific contact function, they were separated out into their own table.
Contact mechanisms such as email, phone and text were given so the teacher would know how
best to respond.

The goal of these visualisations was to enable teachers to focus their attention on elements that
were impacting a number of students, thus maximising teaching time and resources. For example,
when a large number of students have become ‘stuck’ and as a result are no longer advancing
through the course, the teacher can conduct further analysis and subsequently discover that most
students have become stalled on the third lesson. The teacher can then focus on that lesson,
supplying additional resources, sending out group communications or engaging tutor and peer
supports to focus on that part of the course.

To further assist teachers in understanding the student groupings, contextual information was
also selected to provide a very high-level summary. A nodal map element was included to enable
teachers to very quickly observe the status of the class as a whole (Figure 3). This map included

Figure 2. Example of organising ‘at-risk’ students1.

Figure 3. Nodal map of students and tutors.
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peer interactions, contacts with tutors and very high-level information about the students them-
selves. Owing to the complexity of this visualisation, a legend was also incorporated keying colours
and shapes to student attributes. This visualisation combined several pieces of information in order
to provide teachers with a high operational awareness very quickly.

A rolling log was also provided to indicate which students were currently available in the
educational system. This element linked very closely with an LMS component requiring students
to log in and thus indicate their presence. This visualisation was also presented in a table format,
quickly summarising a list of students and providing critical details such as students’ at-risk status,
identifying an opportunity for a ‘teachable moment’.

Finally, the overview section was supplemented with two other components to give
teachers awareness of the demands being placed on educational resources by the class.
These visualisations provided a general summary of the progress, satisfaction, knowledge
levels and resources available to the class, and they were implemented using gauges and
a bar chart to make them as intuitive to interpret as possible. A teacher could use these
charts to determine if the class was falling behind or had exceeded the current educational
resources available (Figure 4). If one of these situations occurred, the teacher would then be
able to notify the administration or draw on other resources to make sure there was proper
student support available to students within their own physical locations in the ubiquitous
learning context. For example, if the demand for tutoring resources had outpaced supply, the
teacher would then be able to demonstrate this critical need and request additional staff.

Dashboard pages – student-specific elements

Another aspect of dashboard functionality focused on the at-risk students by introducing the
concept of a student page, which could quickly summarise student status, learning styles and
knowledge level. All students would have a page, but specific students’ pages could be accessed
by selecting a student from the overview page or by choosing a specific student directly. This style
of visualisation was chosen to provide a digital portrait of the student, giving the teacher the ability
to view the results of complex analysis simultaneously with ongoing information on location and
potential real-time learning issues. The first element focused on a demographic overview in order
to give the teacher a summary of who the students are, where they are in their studies and a quick
summary of any dominant learning-style traits. This information was complemented with
a visualisation summarising a student’s use of learning tools according to different types, such as
reflection quizzes, self-assessment tests, discussion forum activities, additional reading materials,
animations, exercises, examples and real-life applications (Figure 5) mapped across the students’
last three courses (if applicable) to give the teacher a sense of the trends of that student’s learning
object use.

Location data was also included to provide the teacher with an overview of where the student was

Figure 4. Summary of class summaries and resource needs.
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physically located. This information was enhanced by showing what resources, including peers,
existed in the immediate vicinity of that student. Each student was shown as a different colour
icon to allow for quick differentiation, along with tooltips for additional details (Figure 6). Knowing
this information would give the teacher the ability to identify real-world learning objects, as well as
the potential to form groups that could support learning activities. A summary of recent learning
activities was also included, providing a simplified log of key educational activities. Where possible,
this information was also linked to blogs or shared assignments to give the teacher an opportunity to
perform formative assessment if necessary.

Another key element identified in the requirements was the ability to track student learning
throughout course progression. A concept map of student knowledge across a series of learning
objectives was therefore incorporated, as shown in Figure 7. This map was augmented with
tooltips and the ability to click on ‘boxes’ to drill down on specific learning objectives and see
constituent items and levels of understanding. A colour bar at the top of the visualisation provided
a legend indicating a range of progress: red (no knowledge) to green (full understanding).

The student page was also used to display learning styles and how they evolved over time, to
reflect the Felder-Silverman learning style model with ranges across the traits of Active-Reflective,
Sensing-Intuitive, Visual-Verbal and Sequential-Global dimensions (Graf, Kinshuk, & Liu, 2009). The

Figure 5. Student demographic and learning object preferences.

Figure 6. Sample of student location.
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visualisation also included tooltips to display when and how the learning-style evaluations had
been conducted (Figure 8).

The final element of the student page dealt with the recommendation component. It provided
the teacher with the ability to select certain options and to comment on whether or not they had
been successful (Figure 9); the purpose was to record teacher decision making in real time,
providing options for intervention as well as capturing the decision outcomes so they, too, could
become part of the system’s evaluation process. Ideally, the repository of the intervention options
available to the teacher would grow, aiding in future analysis.

Dashboard pages – class summary

Another set of visualisations in the dashboard provided a view of the class as a whole. The goal of this
visualisation was two-fold, as it provided an overview and the ability to select groups or individuals for
closer analysis. In this scenario, a teacher can observe how their class looks as a whole in order to assess
whether themajority of students are achieving educational success. The overviewwas also designed to
demonstrate an up-to-date status of the learning outcomes of the class, as well as preferences viewed
across the entire cohort. Within those elements, groups can be quickly identified and selected,
providing the teacher with working subsets that can be analysed in greater detail.

Figure 7. Example of domain knowledge visualisation.

Figure 8. Student learning style.
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Looking at the class as a whole, there were two main concepts. The first was knowledge level,
which was selected to draw a teacher’s attention to how students performed on various learning
objectives. Directly related was the progress of the students as they moved through the course.
This data was presented in the form of percentages and stacked bar charts, which could be linked
together to sort and select data (Figure 10 – top and bottom right). This functionality created
ranges that were used to make it possible to select groups for further analysis.

Other elements were added to summarise information about the class and give the
teacher a visual representation of progress and how the class was performing, including
a global heat map (Figure 10 – top left), which became darker based on how many students

Figure 9. Sample recommendation object.

Figure 10. Sample class visualisations.
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existed in each country, a particularly useful metric for institutions with global student
bodies. This map could be broken down to a more localised map if students only came
from a certain country, state or province. Learning styles were also highlighted at the class
level to indicate which learning style preferences were strongest, so that teachers could
observe the make-up and needs of the class as a whole (Figure 10 – top right). Gauges,
also seen in the overview section, were added here to illustrate class averages of satisfaction,
knowledge level and progress.

One of the common situations in ubiquitous learning is open intake, in which students can
start a course at any time. As a result, cohorts had to be constructed based on mapped date
ranges. Two different visualisations were used to represent this type of information: a pie chart
was used to help identify whether students were on track to complete the course within a three-
month cycle. Each slice in the ‘pie’ was designed to indicate if students were ahead, on track,
slightly behind or very behind (for example, more than two weeks) in the course. This division of
students formed excellent natural groups that could once again be selected as discrete cohorts.
The second method of display was a scattergram, which mapped students by time and number
of learning objectives completed (Figure 11) and created a highly visual way of identifying both
normal groupings and outliers. The outlying individuals could then be selected, automatically
populating the individual student page with their information.

Dashboard pages – groups

The final visualisation was designed to provide a working area for investigating both pre-
defined and selected groups. In this scenario, a teacher would identify a working group or
a set of students with a common attribute within the full class. In order to work with this
subset, the teacher needs to be able to pull them out of the larger dataset and review
different features and attributes.

Both pre-defined and selected subsets can be viewed in terms of the composite students.
Two types of groups were available for review: one selected ad-hoc from the ‘Class’ page and
one from the pre-defined groups available in a drop-down list (Figure 12 – upper left). Groups
in the first category could be selected by clicking on a component of a visualisation, such as
a single ‘slice’ of the pie chart detailed above. The latter groupings were project groups that
had been formed as a result of class activities. The interface was designed to take the
individual learners in these groups and quickly compare and contrast them in terms of
a variety of different attributes. In many ways, this function created a hybrid between the

Figure 11. Pie chart and scattergram of student progress.
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class and the individual student views. It is also important to note the flow of the different
components. As mentioned earlier, the elements needed to work together and to direct flow
logically between pages. The teacher could easily start in the class page, move to a group and
end up examining a specific individual. Within these pages, discrete widgets provide informa-
tion individually or in concert with other items.

Much like the class dashboard, the group page focused on knowledge level and progress, but with
a greater degree of detail. A tabular visualisation summarised information about students in the
group to show how they were progressing and with what level of understanding (Figure 12 – lower
left). Specific at-risk students were flagged in red to draw the teacher’s attention. A bubble chart was
used to capture several attributes in a combination of visual techniques (Figure 12 – lower right).
Circle sizes were used to illustrate understanding levels and satisfaction, while colours were used to
indicate learning styles, all within the context of time spent in the course and number of learning
objectives completed. The visual representation was further augmented by a legend and tooltips
that provided more detail about each ‘bubble’. A map component was also included to show where
students within the groups were located, combined with mouse-over tooltips containing detailed
information about student performance and progress (Figure 13 – left side). Recommendations were
also provided for pre-defined groups, which the system could evaluate prior to the display in the
dashboard tooltip (Figure 13 – right side). This element was represented by the ‘Intervention Actions’
visualisation, which was essentially the same as the one presented in the individual student section.

Line and tabular visualisations were once again linked to show how students were performing

Figure 12. Groups selection, summary and bubble chart.

Figure 13. Heat map and recommendations/intervention actions.
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across a range of different learning objectives (Figure 14). One of the challenges in this type of
analysis is to keep groups small enough to allow for discrete comparisons.

To evaluate the system usability further, an experiment was conducted with 40 participants.
Two relevant scenarios were designed, comprised of a series of tasks and detailed steps allowing
participants to explore and experience the developed teacher dashboard system. The first scenario
revolved around reviewing at-risk students and selecting individual students to focus on and assist.
The second scenario took the perspective of a teacher examining the class as a whole to identify
specific groups or single outlier students. These two scenarios contained various tasks, with a total
number of 30 steps. For readers to get a better idea of the parameters of the experiment, the first
five steps from the first scenario are extracted and described as follows:

(1) Load the Overview tab:
(2) Check the Issues List Widget:

(a) Expand the list to find different criteria and list different students.
(b) Note the hyperlinks and names so students can be selected. This automatically loads the

student tab.
(3) Check the System Messages widget – Look for students ‘At Risk’:

(a) Note that this simulates students logging in and out of a learning system.
(b) The system flags certain students as at risk based on student activity as well as risk

factors stored in the database.
(c) Students’ names are once again clickable. This automatically loads the student tab.

(4) Check the Student Relationships widget:
(a) Click on the object to gain focus. A mouse wheel scroll shrinks and expands the view.
(b) Single click on the shapes representing students and tutors to select them. Move the

mouse to the desired spot and click again to release them. This allows the teacher to
arrange patterns so he or she can examine the relationships more clearly.

(5) Check the Outstanding Help Requests widget:
(a) Other items represent collected or derived data. This widget represents direct requests

from students.
(b) Headings are sortable so that name, types and descriptions can be grouped. Click on the

headings to trigger that functionality.
(c) Note the hyperlinks and names so students can be selected. This automatically loads the

student tab.

After the participants completed the experiment, they were asked to fill the Teacher Dashboard
System Usability Scale (SUS) questionnaire (http://goo.gl/1mWNoi). The questionnaire using the

Figure 14. Student marks in line and table formats.
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SUS scale was adopted from Brooke (1996). A total of 35 valid data points were collected (5 out of
the initial 40 participants did not fully complete the questionnaire).

According to the website http://www.measuringusability.com/sus.php, the average SUS score
from all 500 studies is 68; therefore an SUS score above 68 would be considered above average,
and anything below 68 as below average. The average SUS score of the developed teacher
dashboard system was found to be 71, as shown in Table 2, which demonstrates that the
developed system has generally good system usability.

Discussion and conclusions

The basic framework of the teacher support dashboard provides teachers with alerts, investigation
tools and solution options that can be used to help students in various ubiquitous learning scenarios.
For example, in the case of providing mission-critical support, a teacher would be able to pull up the
visualisations highlighting students who need attention, quickly observe which students are in need,
select a student to work with, obtain more details on that student’s situation and select a potential
solution from a set of options. Teachers could also start in the class view to observe how the class was
doing as a whole. From there, they could select a group of students who were falling behind. In group
visualisations, the teacher could again select individual students to work with, recognising that one
size does not fit all, and select potential solution techniques accordingly.

The visualisation-based teacher support system presented in this study has become particularly
important, as students have moved beyond traditional classroom settings to ubiquitous learning
environments where learning objects can be social, digital or physical. While these types of
environments provide rich learning opportunities, they can be largely unsupported, given the
difficulties teachers face in determining when and where their students have encountered learning
difficulties that could impede or even halt understanding of new concepts. To this end, the
proposed solution shows good feasibility and usability; it not only proposes a mechanism for
displaying aggregated information in a friendly, customisable and directed way, but also enables
teachers to intervene in a timely manner using appropriate pedagogy.

The teacher dashboard system developed here provides one possible mechanism by which
teachers could support their students in ubiquitous learning environments. Given the expansive
nature of dashboards, this does still leave a number of research issues requiring further investigation.
For example, various interactive visualisations are becoming available that can visualise real-time data
adaptively to suit the needs of the context and the teachers. In terms of information data mining,
refined methodologies are still needed, using appropriate algorithms and heuristics, for extracting the
patterns necessary to display in the dashboard visualisation. In particular, the system should be able to
identify patterns and display them to the teachers in a meaningful manner, so that the teachers can
utilise that information to take more informed decisions. While the dashboard solution has to be able
to draw on ‘large data’ sets in order to achieve a level of certainty that teachers can trust, visualisations
must be refined to ensure that they are easily understood and can apply to the context of each
teacher. Finally, the recommendation component will also need to be enhanced in order to create
a mechanism for machine learning, allowing the system to develop and grow over time by learning

Table 2. The calculated SUS score.

Statistics

SUS

N Valid 35
Missing 5

Mean 71.0000
Std deviation 12.27444
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from the interactions and decisions teachers make. This is particularly important when a teacher takes
a decision that does not align with the recommendation presented by the system. The system should
be able to analyse that the circumstances surrounding that decision, learn from it and modify its own
recommendation in future for similar circumstances. It is hoped that the research presented in this
article will promote more research in this direction; an empirical evaluation can then be conducted
after a more comprehensive and robust system is developed.

Note

1. The names showing in the figures are not real to protect privacy.
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