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COVID-19 has brought new hybrid learning environments with some students in the
classroom and some others online, synchronously, due to the needs of social distancing.
These new hybrid learning environments pose new challenges, for example for group
collaboration. This paper presents Smart Groups, a system aimed at helping teachers to
orchestrate collaboration in hybrid learning environments and assesses its usability and
usefulness through a simulation study. Smart Groups identifies the students that are in the
classroom and online, automates the creation of groups (recommending collaborative
learning flow patterns to teachers and considering the previous work done by students),
supports the communication among students and the use of additional tools and resources for
collaboration, and helps maintain the safety distance among the students who are in the
classroom. The usability of Smart Groups has been assessed through a mock-up by 60 users
(41 students and 19 teachers) with the system usability scale (SUS) obtaining good results
(mean = 75.47, standard deviation = 14.95, median = 76.25). A subgroup (10 teachers out of
19) carried out follow-up interviews using the technology acceptance model (TAM) and
highlighted the usefulness of Smart Groups to orchestrate collaboration in hybrid learning
environments.

Implications for practice or policy:

e Smart Groups supports teachers in the orchestration of groups in hybrid learning
environments.

e Smart Groups facilitates group coordination and communication among students.

e Smart Groups helps maintain the safety distance.

Keywords: hybrid learning, collaborative learning, orchestration, smart learning
environment, beacons, positioning

Introduction

COVID-19 has caused important changes in education, particularly in the way of teaching and learning,
forcing the transformation of traditional face-to-face learning environments into online and/or hybrid
learning environments, where, for example, some students attend the lecture in the classroom and others
follow it online at the same time (Raes et al., 2020). Nevertheless, it is important to be careful when
implementing these changes so that they do not negatively affect learning (Williamson et al., 2020). Some
of the main challenges derived from the abovementioned fast transformation include: the coordination
between teacher and students; the communication among students and with the teacher; the collaboration
of students in groups; and the management of new tools (Al Lily et al., 2020; Chang & Fang, 2020). These
problems may be aggravated by the changing educational environments, as may be the case with the new
models for hybrid learning environments that have emerged.

These changing educational environments may benefit from advanced technologies, becoming smart
learning environments (SLEs) (Hwang, 2014). Although there are certain interpretations of the term SLE
(Carruana Martin etal., 2019), a commonly accepted definition refers to “the technology-supported learning
environments that make adaptations and provide appropriate support (e.g., guidance, feedback, hints, or
tools) in the right places and at the right time to learners based on their individual needs, which might be
determined via analysing learners’ behaviours, performance and the online and real-world contexts in which
learners are situated” (Hwang, 2014, p. 5). Applications of SLEs include, for example, the promotion of
collaboration between students (Tabuenca et al., 2020). Collaboration and collaborative learning have been
extensively used in traditional educational environments (Gokhale, 1995). Nevertheless, the orchestration
of collaborative tasks is often a time-consuming and sometimes complex task for the teacher (Dillenbourg
& Jermann, 2010), and where advanced technologies can be helpful. One important decision when
orchestrating collaborative tasks refers to group creation and management. There are different ways to
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create groups, for example, assigning group members randomly or based on their previous knowledge,
ability or performance in the course (van der Laan Smith & Spindle, 2007), that is, homogeneous groups
with the same level of knowledge, ability, or previous performance, or heterogeneous groups with different
levels of knowledge, ability, or previous performances (Rubio-Fernandez et al., 2019). Although there are
an important number of articles that addressed the topic of orchestration of collaboration (Dillenbourg &
Jermann, 2010; Prieto et al., 2011) there is an open line of research as a result of COVID-19, since
collaboration now can take place in hybrid learning environments (with some students in the classroom and
others connected online) and where safety distance must be respected in the case of students (and the
teacher) who are in the classroom.

Therefore, this article addresses the combination of these three issues: orchestration of collaborative
activities in hybrid learning environments that require safety distance as a consequence of COVID-19. The
COVID-19 situation being the main novelty of this work compared to the existing related literature. The
different problems and gaps of the abovementioned research (Dillenbourg & Jermann, 2010; Prieto et al.
2011) have been taken into account in the creation of Smart Groups, a system developed to address the
combination of these three issues, and for which a simulation study is conducted with the aim to assess its
usability and usefulness. Smart Groups facilitates the orchestration of collaborative learning tasks,
particularly in hybrid learning environments, with some students in the classroom and some others online,
synchronously, turning them into Smart Hybrid Learning Environments. More specifically, Smart Groups
makes it easier for the teacher to create groups taking into account who is in the classroom and who is
online, by automatically identifying onsite students through beacons located inside the classroom (Bae &
Cho, 2015). In addition, the teacher receives recommendations of collaborative learning flow patterns
(CLFPs) at the time of creating or modifying the groups (Hernandez Leo, Asensio-Pérez, & Dimitriadis,
2005). Moreover, Smart Groups also facilitates resource sharing and communication among students in
groups and with the teacher. Finally, Smart Groups uses the sensors on the students and teacher's
smartphones to position them and warn them if the required safety distance is not respected. A clear use of
Smart Groups is in the case of institutions which are following a hybrid approach for synchronous lectures
in the 2021/2022 school year, with some students attending onsite for one session/week and online for the
following session/week, and vice versa, in order to meet the new requirements of capacity with social
distancing in the classroom. In this scenario, Smart Groups supports the teacher in the creation and
management of groups without the need to know who is in the classroom and who is online. In addition,
Smart Groups also supports the teacher with tools for the communication with the students, and the
management of groups, even when students change groups during an activity, and all this while supervising
that everybody respects the safety distance.

The following section analyses the literature related to collaboration in hybrid learning environments and
positioning of students and teachers in the classroom. Next, the design of Smart Groups and the components
that make up the system, as well as its architecture, are presented. The methodology is then described. The
results obtained from the evaluation of Smart Groups are presented and analysed. The discussion on the
results and the answers to the research questions are then presented. The article finishes by drawing
conclusions and pointing out some future lines of research.

Research problem and objectives

This article presents Smart Groups from a technical and functional perspective and reports the results of a
simulation study carried out with 60 users who have used a Smart Groups mock-up. The objective of this
simulation study was to assess the usability and usefulness of Smart Groups in a context of supporting the
orchestration of collaboration in hybrid learning environments. Therefore, the following two questions were
posed from a research perspective:

RQ1: Is Smart Groups a usable system to support collaboration in hybrid learning environments?
RQ2: Is Smart Group useful to orchestrate collaboration in hybrid learning environments?

Related work
The review of the related literature for the creation of Smart Groups began with an analysis of the main

theoretical frameworks in the field of collaborative learning. These frameworks were those defined by
Prieto et al. (2011) and Prieto et al. (2015) on orchestration of collaboration, and Hwang (2014) on smart
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learning environments. Challenges in education derived from the COVID-19 pandemic were then
incorporated, including the new models for hybrid education. The theoretical framework by Pérez-
Sanagustin et al. (2017) was used to develop the concept of hybrid education. These articles served as the
basis to extract related references and search for current literature on these topics.

Theoretical framework

The orchestration of collaboration is a topic that has been covered extensively in the literature of
collaborative learning (Dillenbourg et al., 2013; Roschelle et al., 2013), and for which several theoretical
frameworks have been defined (Prieto et al., 2011; Prieto et al., 2015). The main challenges related to
orchestration of collaboration include space management (Nieswandt et al., 2020), class control, and time
management (Olsen et al., 2020). These challenges depend on the specific educational context. Many
educational institutions are dealing with the particular context of hybrid learning with synchronous lectures
followed onsite by some students with others online. It is precisely in this context that positioning in the
classroom becomes even more important when collaborating in groups (Martinez-Maldonado, 2019) due
to the required safety distance required for COVID-19 for those students who are inside the classroom (Sun
& Zhai, 2020).

Collaboration and hybrid learning environments

The creation and management of groups in collaborative tasks involves several problems, such as the
selection of the group structure, or the assignment of group members (Hernandez-Leo et al., 2006). For
example, Herrera-Pavo (2021) conducted an in-depth study of collaborative learning in virtual
environments and found that students' perception of the group influenced collaborative work. Students
participating in their study considered it important to share interests with their group mates and to feel that
they could be autonomous from the teacher. Another example is the work of Childress and Braswell (2006),
who analysed group work in the context of online video games, covering several collaboration techniques.
They concluded, supported by previous work, that the way groups were created could have an impact on
learning. Azukas (2019) analysed collaborative learning from the teacher’s perspective, concluding that the
teacher must know the characteristics of the students when creating the groups to make collaborative
learning more effective.

Another well-known problem refers to the orchestration of collaborative learning activities and,
particularly, the time and effort of the teacher to create and manage the groups of students. For example,
H&maélainen and Oksanen (2012) discussed the tasks and workload needed to orchestrate collaboration from
the teacher's point of view and concluded that giving the teacher appropriate tools for orchestration and
more information about the related tasks was crucial for an efficient orchestration. CLFPs can be helpful in
the orchestration of collaborative learning tasks, including popular patterns such as Jigsaw (Adams, 2013),
Pyramid (Manathunga, & Hernandez-Leo, 2018), or Think-Pair-Share (Azlina, 2010).

Several articles have designed tools to implement these patterns from the design phase of a collaborative
learning activity. One of these works is ILDE (Hernandez-Leo et al. 2014), which integrates different free
and open-source tools for learning design, including tools that facilitate orchestration. Actually, ILDE helps
teachers in the creation of groups and allows them to select CLFPs. Another related work is Web College
(Villasclaras-Fernandez et al., 2013), a tool for supporting teachers in collaborative learning environments,
providing recommendations of CLFPs according to the type of task and/or objectives to be achieved with
that task. In addition, it is worth noting the work by Rubio-Fernandez et al. (2019), which facilitates the
creation of homogeneous or heterogeneous groups of students during the onsite phase of the flipped
classroom based on students” work at home in the online phase, watching videos, or doing formative
exercises, when available.

Collaborative learning has been widely embraced, both in face-to-face and online learning environments.
However, little work has been done in hybrid learning environments, such as those where some students
attend the lecture in the classroom and others follow it online. In fact, the definition of hybrid learning
varies among authors, with some of them using this term as a synonym for blended learning (e.g.,
Olapiriyakul & Scher, 2006), and others using hybrid learning to refer to the integration massive open
online courses (MOOCs) or MOOC-related technologies into a traditional curriculum (Hartono et al., 2018;
Pérez-Sanagustin et al., 2017). A number of theoretical frameworks were proposed in relation to hybrid
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learning (Jamison et al., 2014; Pérez-Sanagustin et al., 2017), and there were publications who addressed
collaborative learning and hybrid education, in the broad sense. One of these publications, by Roseth et al.
(2013), analysed and explained different tools to be used in some hybrid learning environments to support
cooperative, but not collaborative, learning (Dillenbourg, 1999). Another related work by Hrastinski
(2008), analysed the advantages and disadvantages of asynchronous and synchronous e-learning. One
relevant conclusion is that it is easier to collaborate in environments that alternate between face-to-face and
online education (asynchronous environments) than in environments where both face-to-face and online
education take place at the same time (synchronous environments). One of the Hrastinski’s conclusions
was that there is much to be done in synchronous hybrid learning environments to improve collaborative
learning. Another related publication by Bower et al. (2015), analysed the different factors for designing
hybrid learning environments. In their conclusions, the authors specified the need for collaboration
technologies to be invisible to teachers and students for their use in hybrid learning environments,
minimising the exchange of information and interactions required in order not to overload the user.

All these publications highlight the need for new solutions to orchestrate and support collaboration in hybrid
learning environments, particularly in synchronous ones, such as those which have some students in the
classroom and some others online. Furthermore, existing publications analyse different characteristics of
hybrid learning environments and provide recommendations, but no single work proposes a solution for the
orchestration of collaborative learning in synchronous hybrid learning environments.

Positioning in the classroom

Positioning in the classroom can be used to obtain information about the teacher, the students, and the
environment. This information can be used for several purposes, such as attendance control. Zori¢ et al.
(2019) developed a mobile application that together with beacons detected the presence of students in the
class and confirmed their attendance. They concluded that their application was useful for attendance
control and that a manual process would take more time. Bdiwi et al. (2019) developed an architecture that
used the signal from a router and radio frequency identification (RFID) sensors to detect student attendance,
as well as student performance according to the teacher's position. This analysis concluded that students
were more involved the closer the teacher was. Other related publications addressed access control to the
classroom. For example, Mittal et al. (2015) developed a fingerprint-based system to guarantee access and
manage student attendance. They specified the importance of the security provided by their access control
system. Subedi et al. (2016) developed another access control system with beacons covering several zones.

Another related challenge is assigning resources depending on students’ position in the classroom. For
example, Guo et al. (2015) developed a system that detected the position of the student through the signal
of routers. Once they detected the students in the classroom, they gave them access to the material that the
teacher had previously specified. Guo et al. (2015) highlighted the high accuracy of their system in locating
students. Another example related to providing materials or resources based on the position of the student
by Baygin et al. (2021), developed a student access authorisation system for smart library environments.
This system offers information to students depending on their position, which is detected through RFID
cards that the students carry with them. With their system, Baygin et al. (2021) streamlined, filtered, and
facilitated student access to information. Finally, Hauge et al. (2017) developed a game-based learning
system that used beacons to create access zones. When students accessed a designated area, they received
access to a new mini-game. Hauge et al. (2017) particularly highlighted the portability of the system to be
taken to other locations.

Although the issue of positioning in the classroom is being addressed in the literature, it is possible to
propose new applications, especially in an environment where safety distance is needed due to COVID-19.
Among the existing solutions which could also be applied to maintain the safety distance, it is worth
highlighting the use of beacons for attendance control and detection by zones, while the WiFi signal can
provide greater accuracy on teacher and students’ positions.

Design
Smart Groups is a system designed to support collaboration and communication among students,

particularly in synchronous hybrid learning environments (with some students in the classroom and some
others online, simultaneously). It uses positioning to deal with the required safety distance among students
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who are in the classroom (and also with the teacher). This system consists of two mobile applications
(APPs) one for the teacher, another for the student, and a set of beacons positioned in the classroom. These
APPs are the bridge between the system and the users. Moreover, the system is supported by the sensors of
the smartphones where the APPs are installed together with the beacons for positioning tasks.

Teacher APP

This application aims to enable the teacher to orchestrate collaboration in an efficient and user-friendly way
in hybrid learning environments. The APP helps to orchestrate group tasks in a few steps offering the
possibility to use CLFPs, under the teacher's supervision. In addition, the APP notifies the teacher in case
they do not respect the safety distance with one or more students.

The application requires the teacher to log in to their corporate accounts so that their data can be related to
their assigned courses and classes (Figure 1a). Once the teacher logs in, their courses and classes will be
displayed on the screen (Figure 1b). The teacher can then select the classes in which they want to create a
collaborative task in order to define the corresponding groups.

Class
U C3 M Architecture - Group 60
Teacher Architecture - Graup 75
f’mqmmm]ng _(':mupBE
User
Pass ........
(a) (b)

Figure 1. First screens of Teacher APP: (a) login screen; (b) the classes available to the teacher

When the teacher selects a class, they will be able to review the saved group settings (if any) or to create
new group settings (Figure 2a). If the teacher chooses the first option, the screen will display the saved
group settings (Figure 2b), with the options that were chosen for that setting (Figure 2c). If the teacher
chooses the second option, the screen will show a new menu to create a new group setting. The teacher has
several options to choose from. The first is “Name”, where the name of the group configuration is defined.
The next one is “Task”, where the teacher marks the characteristics of the task. The third one is “Students
per group”, where the teacher specifies the maximum number of students per group. The following is
“Dynamic”, where the teacher marks if they would mind making changes to the groups after creating them.
The fifth is “Group Type”, where the teacher indicates whether they want to make groups of students with
similar/homogeneous knowledge, different/heterogeneous knowledge, or random groups, based on the
previous performance of the students on the course. Finally, the last option is “Data used to create the
groups”, where the teacher can select the previous data (if any) that will be consider when creating
homogeneous/heterogeneous groups, including videos watched by students or exercises tried, as indicated
by Rubio-Fernandez et al. (2019).
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Figure 2. Group creation: (a) create a new group or use predefined groups; (b) predefined groups; (c) group
settings

When the teacher decides to start the group work, the APP will recommend them some CLFPs (e.g., Jigsaw,
Pyramid, Think-Pair-Share) (Figure 3a). The teacher can continue with the recommendation, select the
default “Simple” pattern (one activity with the number of students and characteristics indicated by the
teachers in the previous step), or select another pattern that they consider more suitable for the collaborative
task. Once the teacher starts the groups, the screen will show all the groups that were created with their
members (Figure 3b).

Architecture - Group 60 | | Architecture - Group 60

Name: sw Task Total Groups: §

| Collaborative Patiern

= Al

(@) (b)

Figure 3. Completion of group creation: (a) selection of CLFPs; (b) groups created with their members

The teacher can select a group and right after will get three options: (a) “Change members”; (b) “Send
link”; and (c) “Chat” (Figure 4a). If the teacher chooses the first option, the members of the group will be
displayed on top and the members of another group will be displayed at the bottom (Figure 4b). The teacher
can then switch students between the groups. The second option allows the teacher to send resources via
links so that group members can access them from a web browser (Figure 4c). The first type of resource is
“Document”. The system allows to select a document from the smartphone in which it is installed, Google
Drive or from an external link and then a link is generated and sent to the specific group. The next type of
resource is “Chat room”. The system allows for the creation of a new independent chat room to exchange
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opinions with other groups or to talk after class. The third type of resource is “Tools”. The system allows
the teacher to select complementary tools, such as Jamboard, Google Keeps, Google Calendar, other Google
Suite tools or other tools via the URL, for collaboration. Finally, the last type of resource is “Others”. The
system allows for the sending of any other URL that does not match the previous categories. The last option
that can be seen in Figure 4a is a chat room shared between the teacher and the group (Figure 4d).
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Figure 4. Individual group: (a) the teachers' options with the individual group; (b) modifying groups; (c)
sending resources; (d) chat room

If the teacher selects all the groups (“All” button in Figure 3b), they would have the same three options as
with an individual group (Figure 5a). In the case of the “Change members” option, the screen would be
similar to that in Figure 4b but with no default group selected. The “Send Link” option allows the teacher
to send resources to all students at the same time (Figure 5b). The “Chat” option allows the teacher to
communicate with all students at the same time using a shared chat room (Figure 5c).
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Figure 5. All groups: (a) the teachers' options with all groups; (b) modifying groups; (c) sending resources;
(d) chat room

Student APP

This application aims to allow the students to coordinate with their group mates and have access to the
necessary resources to carry out the task or tasks assigned by the teacher. The APP also facilitates
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communication between group members and the teacher. In addition, students present in class will be
notified if they are not respecting the safety distance.

The application requires the students to log in to their corporate account so that their data can be related to
their assigned courses and classes (Figure 6a). After the students log in, they will be waiting to be assigned
to groups (Figure 6b). In addition, Figure 6b also shows the notification of not respecting the safety distance
on the top. This notification appears when the user is less than 1.5 metres away from another user for 10
seconds.

UC3M

Student r’
x/

Waiting for group...

Login

(@) (b)

Figure 6. First screens of Student APP: (a) login screen; (b) standby screen and notification of not
respecting the safety distance

When the students are assigned to groups they will automatically go to the next screen. This screen is
different depending on whether the students are inside the classroom or online. Face-to-face students will
see the group they belong to, and a map with their position and the place where they need to go to work
with other group members that are also in the classroom (Figure 7a). This positioning also takes into account
whether the safety distance is met so that students can work safely in teams. For online students, only the
group they belong to will appear on screen (Figure 7b).

Group 2 - Group 2

Chat = Resources Chat = Resources
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Figure 7. Indication of the group to which the student belongs: (a) screen for face-to-face students; (b)
screen for online students

The options available to students are shown at the bottom of the screens in Figure 7: (a) chat (group
members can talk to each other, share resources and read the teacher's messages); (b) email (the students
receive the link to the chat room to be able to connect from another device); and (c) resources (the students
can directly access the resources provided by the teacher). These options are shown expanded in Figure 8.

Group 2 Group 2

Teacher Documents

You Tools
k - board.co

com
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Figure 8. Options available to the student: (a) chat room; (b) feedback on sending the URL; (c) available
resources

Architecture

Smart Groups architecture is presented in Figure 9. Students and teachers access their respective
applications from their smartphones. The applications connect to the system server using the university
credentials. The system server uses these credentials to connect to the university servers and collect the
necessary data from the teachers’ courses and classes, the students enrolled for these courses and classes,
and the necessary data from these students (such as their previous performance in the course). When
teachers create groups, the necessary calculations to suggest CLFPs are made on the system server.

Smart Groups identifies the students who attend class (both physically or virtually) when logging in the
APP. In addition, Smart Groups detects the students that are physically present in the classroom through
beacons located in the classroom. When face-to-face students are assigned to groups, their position is
calculated through the sensors of their smartphones and the WiFi connections with the routers located inside
or near the classroom. Finally, Smart Groups can connect to the university tools, particularly those from
Google Workspace (formerly G Suite for Education), such as Google Meet (for chat rooms), Google Drive
for storing files, and Google Maps to get the campus map. The system also allows the use of other tools
through URLSs.
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Figure 9. Architecture of Smart Groups

Methodology

An exploratory research study on Smart Groups was carried out. A mock-up was created to simulate and
evaluate the behaviour of Smart Groups. After teachers and students had used the mock-up they were asked
to complete a survey. Subsequently, some of the teachers were selected for individual interviews in order
to discuss further the use of Smart Groups. The survey was intended to provide an overview and analysis
of the usability of Smart Groups. The interviews were intended to go deeper and evaluate the usefulness of
the system.

The survey was sent to 60 users including teachers and students from different backgrounds. The objective
was to have potential users to evaluate the usability of Smart Groups. The user survey had two parts. The
first part collected demographic and background data to be able to define various profiles. The second part
contained the system usability scale (SUS) (Brooke, 1996), a well-known instrument with 10 specific
statements to be assessed on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree) to evaluate
the usability of Smart Groups. SUS establishes a scale of values for the final result: less than or equal to 50
is not acceptable; between 51 and 69 is okay; between 70 and 84 is good; greater than or equal to 85 is
excellent. The survey ended with three specific questions to evaluate the usefulness of Smart Groups with
the same scale as SUS, and three open-ended questions to gather the general opinion of the users and to
evaluate the strengths and weaknesses of the system. Appendix A contains the user survey used.

Interviews were conducted with only a subset of 10 teachers who had completed the user survey. This
subset was made up of teachers who were working or had worked with groups in hybrid or online learning
environments. The aim of the interviews was to provide teachers with information that might not appear in
the mock-up and to answer their questions. The interview consisted of the user using Teacher APP, while
being informed of the options and data that could not be included in the mock-up. After the interviews, the
teachers filled in a form of the technology acceptance model (TAM) of the perceived usefulness (Davis,
1989) for Smart Groups. This survey consisted of 14 Yes/No statements that explored different factors
related to the usefulness of Smart Groups. Once the teachers answered the statements, the number of "Yes"
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answers to each statement was counted and divided by the number of teachers who conducted the interview.
This resulted in a value between 0 and 1, with 1 the maximum score. Then, as in the previous survey, users
had to rate the system on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree) and answer
the same three open questions of the previous survey. This was done to see if the explanations in the
interview served to change the users’ opinions after completing the SUS survey. Appendix B contains the
form that the user had to fill in.

Results

User survey

Smart Groups was first evaluated by 60 users (41 students and 19 teachers) through the SUS survey. Table
1 presents the results considering all the users and the subgroups of teachers and students. The results for
all users were: mean 75.54, standard deviation 14.88 and median 76.25. This score, according to Brooke
(2013), can be classified as good. The results in the case of students were very similar: mean 75.18, standard
deviation 16.88 and median 77.5. This score is also classified as good. The results in the case of teachers
(including the 12 teachers and 7 users with both roles) were slightly better: mean 76.32, standard deviation
9.59 and median 75. This score is also classified as good.

Table 1

Results of SUS survey according to user profile
User type Mean Standard Deviation Median
All (N = 60) 75.54 1488  76.25
Students (N = 41) 75.18 16.88 775
Teachers (N = 19) 76.32 9.59 75

Overall, the statement, “I think the system is good for creating groups from the teacher's point of view”,
obtained a mean value of 4.22 (standard deviation 0.87, median 4). The results in the case of teachers were
also slightly higher: mean 4.32, standard deviation 0.67, and median 4. The statement “I think the system
is good for coordination and teamwork from the student's point of view”, obtained a mean value of 3.87
(standard deviation 0.96, median 4). The results in the case of students were slightly higher: mean 3.78,
standard deviation 0.95 and median 4. In addition, the overall score of Smart Groups was mean 3.95,
standard deviation 0.7 and median 4. Teachers scored the system with a mean value of 4.00, standard
deviation 0.58 and median 4. The students scored the system with a mean value of 3.93, standard deviation
0.75 and median 4.

Finally, in the open-ended questions, users highlighted the following positive aspects of Smart Groups: the
easiness to create groups in hybrid learning environment (6 students and 5 teachers), the ease of applying
CLFPs (2 students and 6 teachers), the convenience of being able to work from a mobile phone (6 students
and 2 teachers), the control of the safety distance (5 students and 3 teachers), and its overall usefulness (9
students and 9 teachers). In contrast, the disadvantages highlighted by the users were: the learning curve to
get used to the system (6 students and 5 teachers), the need to see the system in a real scenario to be able
to evaluate it better (2 students and 7 teachers), and the need for improving its visual appearance (5 students
and 3 teachers). The users were asked what they would improve about the system and the most common
answer was the possibility for students to share the results of their task with the teacher.

Interviews

Interviews were carried out with 10 of the teachers who completed the SUS survey. These teachers
completed the TAM as part of their interview (Davis, 1989). Table 2 shows the characteristics referred to
in each statement of the TAM. The results of the TAM range from 0 (all teachers marking “No”) to 1 (all
teachers marking “Yes”) for each characteristic. In this case, the characteristic "Addresses my needs",
which is relating to the usefulness of Smart Groups, was the most positively assessed, obtaining the value
1. In contrast, the most negatively assessed characteristic by the teachers was "Job difficult without".
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Table 2

Results of the TAM form
Item Factor analysis of

perceived usefulness

Job difficult without 0.5
Control over work 0.8
Job performance 0.7
Addresses my needs 1
Saves me time 0.9
Work more quickly 0.9
Critical to my job 0.7
Accomplish more work 0.7
Cut unproductive time 0.9
Effectiveness 0.7
Quality of work 0.6
Increase productivity 0.7
Makes job easier 0.9
Useful 1

The subgroup of teachers who were interviewed assessed Smart Groups with a mean value of 3.9 (standard
deviation 0.57 and median 4). Finally, users highlighted the same positive aspects in the open questions as
in the previous survey. The only additional disadvantage which was mentioned by the teachers was the lack
of a more automatic creation of resources (2 users). When teachers were asked about what they would
improve in Smart Groups, some additional ideas included: additional support to better understand CLFPs
(4 users), the possibility to add already created groups (e.g., uploading an Excel/CSV file) (3 users),
visualisations on students’ activity (e.g., use of exercises, connection times) (3 users), the automatic
creation of resources (3 users), and the possibility to specify if groups are homogeneous or heterogeneous
considering face-to-face students only or online students only (2 users).

Discussion

RQ1: Is Smart Groups a usable system to support collaboration in hybrid learning
environments?

The results obtained from SUS indicate that the usability of the system was good, and the overall feedback
received was very positive. From these results, it can be seen that the group creation feature was what most
attracted the users' attention. The most positive aspects of group creation, as indicated by users, were the
ease of creation of groups, incorporating CLFPs. The fact that users perceived the overall use of the system
as easy is positive since the comfort of students and teachers in collaborative activities taking place in
hybrid learning environments is of importance as specified by previous studies (Bower et al., 2015; Stewart
et al., 2011). Moreover, the positive perception of the inclusion of CLFPs in the design of collaborative
activities thanks to Smart Groups was in line with the recommendations from several authors to facilitate
the orchestration of collaborative activities (Hernandez Leo, Asensio-Pérez, Dimitriadis, Bote-Lorenzo et
al., 2005; Villasclaras-Fernandez, et al. 2013). Similarities can also be seen with the works by Alvarez et
al. (2019) and Herndndez-Leo et al. (2006), where users also perceived positively the integration and
management of CLFPs with the tools presented in those articles. Another feature that was highly rated by
users was the warning about not complying with the safety distance, which users perceived as useful and
innovative. This aligns with Wanga et al. (2020) and Ohme et al. (2020), who highlighted the importance
of smartphones in keeping the safety distance in times of the COVID-19 pandemic. In conclusion, users
perceived that the usability of Smart Groups was good, although they indicated the need to improve the
information and support provided to the user when performing the task.

RQ2: Is Smart Group useful to orchestrate collaboration in hybrid learning
environments?

The results of the TAM showed that users' perception of the usefulness of Smart Group was high. All 10
teachers agreed that the system met their needs and was useful. Moreover, 9 out of 10 teachers responded
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that Smart Groups saved them time, allowed them to do their work faster, shortening inactivity time, and
made their work easier. These are positive results, considering the typical problems that slow down the
orchestration of collaborative tasks (Dimitriadis, 2012; Dimitriadis et al., 2013). Another important feature
highlighted by the teachers (8 out of 10) was that Smart Groups gave them more control over their work.
These results are similar to those obtained by Lee and Salman (2012) and Ochoa et al. (2009), who
highlighted the usefulness of the systems they developed in saving time on collaborative tasks and accessing
resources quickly. In contrast, there is room for improvement in Smart Groups, particularly in relation to
the automatic creation of resources for all groups. This was stressed by the interviewees. All these data
suggest that Smart Groups was perceived as useful for the orchestration of groups in hybrid learning
environments, but still needs to be further adapted to the needs of its potential users.

Conclusions and future work

This paper has presented Smart Groups, a system designed to facilitate the orchestration of collaborative
learning tasks, particularly in synchronous hybrid learning environments, with the aim to turn these into
smart hybrid learning environments. Smart Groups facilitates group creation and management including
CLFPs, considers the students who are in the classroom and those who are online, facilitates group
coordination and communication among students, and helps maintain the necessary safety distance in the
case of the teacher and students who are in the classroom. Smart Groups has been evaluated with SUS and
TAM to assess its usability and usefulness respectively. This evaluation showed good results in both
aspects, obtaining a good on the SUS scale and high usefulness perception factors on most of the TAM
items. These results are in line with previous studies that also stressed the importance of using CLFPs to
support collaborative learning, although further research is needed on their use to support synchronous
hybrid learning environments. Furthermore, previous articles have shown good results in the use of tools
to support synchronous hybrid learning environments but, as detected here and in previous articles, these
tools need to be able to adapt to more diverse scenarios.

This research covered orchestration in collaborative learning, hybrid learning scenarios, and the need to
keep the safety distance due to COVID-19. The contribution of this research is the use of Smart Groups as
a simulation study, focusing on its usability and usefulness. Some recommendations for practitioners in
relation to the results obtained in this research include: (1) the need for further research on hybrid learning
environments that combine onsite and online learners attending synchronous lectures; (2) the use of tools
such as Smart Groups that facilitate the orchestration of collaboration in these hybrid learning
environments; and (3) the use of tools such as Smart Groups that facilitate the maintenance of the safety
distance in closed environments, such as the classroom, where the teacher wants to promote group
collaboration. These results may inform for future research to address the challenge of collaborative
learning in synchronous hybrid learning environments or for anyone looking for safety distance solutions
when collaborating in groups.

However, as an exploratory study, this research has several limitations. First is the use of a mock-up of
Smart Groups for the evaluation. Although mock-ups are useful in the design phase as part of agile
development methodologies, it is necessary to implement Smart Groups in order to evaluate it in real
scenarios. This would allow a closer assessment of the impact Smart Groups would have on collaborative
learning in hybrid learning environments. Of the 60 users who participated in the user survey, 10 of them
indicated that it was difficult for them to understand the scope of the system due to constraints derived from
the use of the mock-up. The second limitation is the number of users who participated in the evaluation.
Only 60 users completed the user survey and of these only 10 (all in the role of teacher) participated in the
interviews and completed the TAM. Further these teachers had extensive experience in education and some
were working in hybrid learning environments. Smart Groups needs to be evaluated by more users. This
would allow comparing more opinions and increase the validity of the evaluation conducted here. Finally,
it is necessary to consider the users’ needs identified in this evaluation: (1) the provision of more
information and support on the use of CLFPs; and (2) the possibility to create resources automatically for
all groups, instead of group by group.
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Appendix A
SUS survey

This evaluation consists of a SUS survey with 10 specific statements to be assessed in a scale from 1
(strongly disagree) to 5 (strongly agree).

Strongly Strongly
Statement disagree agree
I think that I would like to use this system 1 2 3 4 5
frequently
I found the system unnecessarily complex 1 2 3 4 5
I thought the system was easy to use 1 2 3 4 5
I think that I would need the support of a 1 2 3 4 5
technical person to be able to use this system
| found the various functions in the system were
. 1 2 3 4 5
well integrated
| t_hought there was too much inconsistency in 1 2 3 4 5
this system
I would imagine that most people would learn
. . 1 2 3 4 5
to use this system very quickly
| found the system very awkward to use 1 2 3 4 5
| felt very confident using the system 1 2 3 4 5
I needed to learn a lot of things before I could
; ) A 1 2 3 4 5
get going with this system

Also, two additional statements and one question were incorporated to collect more information.

Statement SFroneg Strongly
disagree agree
I think the system is good for creating groups
B . 1 2 3 4 5

from the teacher's point of view
I think the system is good for coordination and 1 2 3 4 5
teamwork from the student's point of view
How would | rate the system? (1 minimum

. 1 2 3 4 5
value, 5 maximum value)

Three additional open-ended questions were added with the aim to gather the general opinion of the users
and to identify the strengths and weaknesses of the system:

e What are the main difficulties you have encountered in the system?

e What are the main virtues you have found in the system?
e What would you improve about the system?
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Appendix B
TAM survey

This evaluation consists of a TAM survey of 14 Yes or No questions that explore different factors related
to the usefulness of the system.

Statement Yes No

My work would be difficult to do without Smart Groups

Using Smart Groups gives me more control over my work

Using Smart Groups improves my work performance

Smart Groups meets the needs of my work

Using Smart Groups saves me time

Smart Groups allow me to perform tasks more quickly

Smart Groups supports the critical aspects of my work

Using Smart Groups allows me to do more work than would otherwise be
possible

The use of Smart Groups reduces the time | spend on unproductive activities

Using Smart Groups increases my efficiency at work

Using Smart Groups improves the quality of the work | do

Using Smart Groups increases my productivity

Using Smart Groups makes my job easier

In general, | find Smart Groups useful in my work

Also, an additional question was incorporated to collect more information.

Strongly Strongly
Statement disagree agree
How would I rate the system? 1 2 3 4 5

Three additional open-ended questions were added with the aim to gather the general opinion of the users
and to identify the strengths and weaknesses of the system:

e What are the main difficulties you have encountered in the system?
e What are the main virtues you have found in the system?
e What would you improve about the system?
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