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Abstract

The standard of the Nigerian educational system has continued to witness a decline over the years at all
levels, contributing to the high rate of unemployment among graduates in the country. Jobs in the 21st century require,
among others, employees’ abilities to analyse, evaluate, and synthesize knowledge to creatively solve problems, and
these abilities are increasingly necessary for survival in the modem world. Despite the emphasis on the need to teach
tertiary institution students critical thinking skills, which will better equip them for their future roles, most classrooms in
Nigeria are still fraught with the traditional approaches. These methods only focus on equipping students with
knowledge of concepts that do not adequately avail them with the required abilities to solve real-life problems in
modem society. Jobs in the 21% century demand skills that are focused on what individuals can accomplish with their
acquired knowledge through analysis, evaluation, and reconceptualization of information to solve problems. To achieve
this, leamners need to be engaged in active leaming that encourages the use of their cognitive process, to sufficiently
prepare them for the future. Cognitive development requires that learning should not just consist of repetitive
accumulation of facts and knowledge, but must also encompass effective deep conceptual change to support life-long
learning. The main objective of this study was to investigate the processes associated with the effective adoption of
mobile-blended inquiry-based learning for critical thinking enhancement. A cross-sectional study that used survey and
documentary research was conducted among 120 business educators from three states of the thirty-six states of Nigeria,
A validated self-administered questionnaire was used to collect data, which were analysed using mean, standard
deviation, and percentage. The study revealed both the online and face-to-face activities of teachers and students that

are significantly associated with effective adoption.
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Introduction

The standards of education in Nigeria have continued to decline over several years. The decline in standards
is blamed on, among other factors, the persisted use of traditional approaches to teaching and learning, absence or low
technology integration and poor educational resource (Longe, 2017; Moyo & Hadebe, 2018; Bames et al,, 2019).
The need to adapt to business job requirements in the 21st century has become paramount as business educators
continue to struggle to get the attention of today’s children into a learming mode that will better equip them. This is
because the focus on 21st-century skills is on what individuals can accomplish with their abilities to analyse, evaluate,
and synthesize information to solve problems

The jobs whose tasks involve analysis, creativity and problem-solving skills, increasingly require employees
with critical thinking abilities (Ananiadou & Claro, 2009; Rimini & Spiezia, 2016). Today’s children unlike former
generations, grow up with rapidly changing technologies that make them less receptive to traditional modes of learmning
(Roehl et al., 2013). Lectures encourage memorizing and the recalling of information, which are lower levels of Bloom’s
taxonomy of leaming (Bloom et al., 1956), while engaging in real-time problem-solving during class, enables students to
synthesize and apply knowledge through reflection and reconceptualization of ideas (Graham, 2004; Amador et al,
2006). The Adoption of active leaming processes is essential to better prepare learners for the future. The capacity to
engage in critical thinking, enables an individual to proffer solutions to challenges in real-world contexts, rather than just
equipping them with only specific knowledge of a set of concepts (Doerfert, 2011; Brierton et al.,, 2016). Critical thinking
skills demands deep conceptual change and the reconceptualization of information, to promote life-long leaming.
Cognitive development requires that learning should not just consist of repetitive accumulation of facts and knowledge
but must also encompass effective deep conceptual change in order to support life-long learmning. Mobile-blended
learning allows sufficient time during its face-to-face components to effectively engage learners with inquiry-based
activities (problem-solving tasks) that encourage their cognitive development, rather than exposing them to learning

experiences that are fraught with a repetitive accumulation of facts and knowledge only.

Blended Learning

A close observation revealed that educational settings that once only supported face-to-face leaming, are
evolving rapidly into environments that now accommodate technology mediated learning. This emphasizes
the importance of facilitating interaction and collaborative efforts to achieve higher results in human endeavours
(Graham, 2004; Cocquyt et al., 2018). In the past, distance leaming was designed as a one-way communication between
an expert (teacher) and a passive-receptor (leamer) based on cognitive-behaviourist theory. As technology develops,
distance learning is being used to facilitate interactive and constructivist (collaborative) leaming by taking advantage of
online communications, which allows students to study anywhere in the world.

Blended learning is a combination of two instructional models that incorporates both the traditional face-to-
face classroom system, and an online leaming platform (Liu et al,, 2016; Han & Ellis, 2019) that employs a mix of
asynchronous and synchronous interactions (Wu, Tennyson & Hsia, 2010). Online experiences offer valuable tools that

supplement or replace aspects of face-to-face traditional lectures, and textbook-based approaches to teaching and
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learning. Research has revealed that a course-design embedded with in-class problem-solving, improves leamers’
performance and reduces the achievement gap between the students (Stockwell et al., 2015).

The availability and utilization of digital learning facilities have led to increased deployment of ICT-mediated
instructional elements into the conventional learing environment. This practice affords educators the opportunity to
help their students acquire the information and terms associated with the course before class starts, which provides
them time to carry out collaborative problem-solving tasks that engage their cognitive processes (Couch, 2014; Clark,
2015; Lee & Lai, 2017). In any e-leaming scenario such as mobile-blended learning, students are expected to exercise
self-efficacy and regulative skills, while the teachers who are experts in their fields, should be responsive to
the interactions of the learmers on the platform to achieve the desired objectives. This type of leaming does not imply
a mere combination of the two models but involves their integration to achieve specific learning objectives by taking
advantage of the two environments.

This method affords teachers adequate class time for collaborative problem-solving activities,
demonstrations, question and answer sessions, and other engaging tasks that lead the students to a greater depth of
understanding (Saitta et al,, 2016). It is a pedagogical approach that provides teachers with the opportunity to invert
the classroom and homework activities (Du et al., 2014; Obari & Lambacher, 2015), which allows them more time to
tutor their students (Wallace, 2014; Alsowat, 2016).

Studies have shown that students can watch, pause and repeat the online learning materials on their mobile
devices, which allows them to gain a clearer understanding of the content before class (Herreid & Schiller 2013;
Lee & Lai, 2017). This affords the teachers sufficient time to engage them in collaborative inquiry tasks that promote
their critical thinking abilities. Nederveld and Berge (2015) stated that in blended leaming, teachers are able to
concentrate on the application of knowledge of higher-order leaming, instead of lower-level thinking activities, which
offers the opportunity to identify mistakes and reinforce critical and creative thinking as well as effective communication.

When students are sent learning materials to study via mobile devices, it ensures a more collaborative and
engaging environment in the classroom, enabling them to evaluate and reconceptualize the content for problem solving
in real life situations. In higher learning institutions, students appreciate the opportunities of flexibility and improved
access to learning materials offered by this technology, which results in greater academic achievements due to improved

interaction and collaboration with both their peers and lecturers (Talley & Scherer, 2013; Vaughan, 2014; Alsowat, 2016).

Mobile Learning

As Information and Communication Technology (ICT) evolves, the devices become smaller and more mobile
with stunning features, from desktop computers to laptops and other mobile devices such as Personal Digital Assistants
PDAs, iPads, and smartphones. The mobility of technology in the last two decades has resulted in the emergence of
mobile learning that has given rise to a new dynamic of studying in different settings. Mobile learning is the type of
studying that takes place using portable devices like Personal Digital Assistants (PDAs) computer tablets and
smartphones (Wishart, 2018; Mittal et al, 2020). It is the deployment of pervasive handheld electronic devices to
enhance, support, and expand access to teaching/learning activities. It is technology-mediated leaming that is powered

by mobile technology to make learning occur anywhere and anytime.
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Owing to the portability of mobile devices, they permit users to access various services and platforms,
including educational materials anywhere and anytime (Lepp et al,, 2014; Li, 2020). They have the potential of assisting
students to access online educational materials, review and share them, collaborate with other learners, and develop
rich media content that can be helpful to both teachers and leamers. Mobile learning presents learners with
the experiences that may not be obtainable in their immediate environment and at the same time equip them with
the necessary ICT consciousness and skills that are essential to actively participate in the modern world.

With the aid of mobile devices, the compulsory requirement for students to be physically present in
a particular location at a specific time for learning is eliminated as they can access instructional materials, interact with
teachers or other students as well as anyone else to meet their quest for knowledge anywhere and anytime (Ferreira,
2015). According to them, the use of this technology in education leads to a more intimate relationship between the
teacher and their students, enhancing their interaction which results in a more participatory leaming experience. Their
portability and functionality offer learers the option to use their free time for learning rather than deferring their desire
to learn pending when they get to a library or have access to a computer. In a mobile learning scenario, students are
expected to exercise self-efficacy and regulative skills, while the teachers who are experts in their various fields, should

be responsive to their interactions on the platform.

Enhancement of Critical Thinking

Learning experiences that emphasize analysis, evaluation, and synthesis of information help to develop skills
for problem-solving through interpretation, creativity, and generalization. These learning experiences promote
reproductive thinking rather than productive reasoning. Critical thinking ability is a level that is beyond the memorization
of information or quoting facts back to an individual in the same manner as they were previously expressed (Thomas
& Thorne, 2009). It is the use of critical and creative thought that enables an individual to solve complex problems
through analysis, evaluation, and synthesis of knowledge (Lee & Lai, 2017). Critical thinking is observed when
an individual receives and stores new knowledge while interrelating and applying such information to address unfamiliar
situations. Individuals can resolve a complex through logical thinking process that allows them to interpret, evaluate,
and manipulate previous experiences to confront present life challenges.

The constructivist theory emphasized that students are required to be exposed to leaming experiences that
inspire and empower them to construct their knowledge and promote their thinking skills. As educators struggle to shift
from traditional approaches to more effective teaching/learing processes, most educational stakeholders believe that
learners are not just holders but also builders of knowledge, and Piaget believed that reflection leads to higher-order
knowledge by permitting the resolution of elements of lower-level knowledge (Mattar, 2018). In an environment where
education is student-centred, leaming is considered as knowledge constructing activities where learmers collaboratively
obtain, reorganize, and use the information acquired for analysing and solving the problem. Interaction and collaboration
are important in the process of developing students’ critical thinking. They need interaction and reflection on what they
were previously exposed to, and what they are currently experiencing. Engaging in social interaction with peers in real-

world contexts has the potential of facilitating leamers’ ability to reflect on previous exposure and views. Such social
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interactions promote the development of students’ critical thinking abilities that enables them to effectively transfer
their knowledge across courses and apply it to unfamiliar situations.

Collaboration enables students to interact among themselves by exchanging views and ideas to effectively
discover new knowledge to accomplish their objectives. It allows them the opportunity to work as a team with
interdependence, and assist others to accomplish specific targets (Fu & Hwang, 2018). Interactive and collaborative
environments empower learners to exercise their minds to find solutions to problems and develop higher-order

tendencies, as they respond to their peer’s questions and remarks.

Collaborative Inquiry-Based Learning

In an environment where education is student centred, leaming is considered as knowledge constructing
activities where learners collaboratively obtain, reorganize and use the information acquired for analysing and problem
solving. Collaborative learning refers to the instructional method that offers the opportunity to leamn as a team with
positive interdependence, group accountability and interactions which culminates in assisting others to accomplish
specific targets (Slavin, 2014; Fu & Hwang, 2018). Collaborative inquiry-based leaming is an approach that involves asking
questions, gleaning information and new ideas in order to solve problems as a group. This type of learning helps students
to exercise their analytical skills (identify similarities or differences in content) to define the cause of change in a variable
and its effect (Duran & Dokme, 2016). Mobile-blended learning integrates and exposes students to real-world contexts
that trigeer their critical thinking processes, while teachers play the role of a guide/facilitator in scaffolding learning
through timely questioning (Livingstone, 2012; Zoha & Cohen, 2016).

This approach focuses on active learing, encouraging students to ask questions, formulate hypotheses, and
test them using problem solving techniques (Laru et al,, 2012). Such learning takes place when students glean both
content and reasoning skills including practices within a discipline, via collaborative investigation suitable for real-world
situations. In interactive inquiry-based learning, students exercise reflection and approach situations critically.
This involves the students’ ability to investigate and search for information, which allows them to formulate their own
ideas through critical thinking (Seranica et al,, 2018). Authentic leaming results from a social constructivist’s view, which
emphasizes that learners are active researchers, and knowledge is generated by investigating and actively experiencing
reality.

To encourage productive interaction that promotes critical thinking, sufficient scaffolding is necessary because
according to Viygotsky (1978), it makes learming more manageable for students by presenting complex tasks in a manner
that makes them accessible, feasible and within the learners’ grasp. The factors of inquiry-based learning include both
structure and the types of activities that are required by leamers to enhance their thinking skills, which will allow them
to address problems (Prince & Felder, 2006; Levy & Petrulis, 2012). The focus of inquiry is the comprehension of existing
knowledge to resolve situations and develop new abilities; the structure involves inquiring questions framed by teachers
or students; and tasks that include problem solving and investigations of practical situations, which results in
the generation of greater understanding.

Engaging in social interaction with peers in real world contexts has the potential of facilitating leamers’ ability

to reflect on previous exposure, and collaborative inquiry learning environments, is critical in developing their social
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experiences (Hwang et al,, 2011; Fu & Hwang, 2018). Such social interactions should be focused on the promotion of
critical thinking abilities, which will enable the students to effectively transfer knowledge across courses and apply
it to unfamiliar situations. Interactive and collaborative environments empower them to exercise their minds enabling
them to formulate solutions to problems and develop higher-order tendencies, as they respond to their peers’
questions in more complex and confident ways. Modern mobile technologies can assist students in gaining greater
knowledge, due to their portability and support for collaboration that leads to the exploration and discovery of new

information.

Links between mobile-blended with collaborative inquiry-based learning approach and critical
thinking enhancement

When mobile-blended leaming is effectively implemented, teachers acquire a greater amount of class time
to engage students in collaborative inquiry-based learning (Fu & Hwang, 2018; Jantakoon & Piriyasurawong, 2018).
As students work collectively and share ideas on their inquiry activities, such a collaborative and interactive context
facilitates the development of their creative thinking which better equips them for effective participation in their later
life engagements.

The aim of education in this digital era is to expose students to more active leaming, which facilitates their
collaborative problem-solving abilities, culminating in equipping them with the realities of the world of work.
When students are engaged in real-time inquiry tasks during class, it encourages them to analyse, evaluate, synthesize,
and apply knowledge through reflection and reconceptualization of ideas. The constructivist theory emphasized that
learners are required to be exposed to learning experiences that inspire and empower them to construct their
knowledge, leading to the facilitation of their thinking abilities. In an environment where education is student-centred,
leaming is known as knowledge constructing activities where leamers collaboratively obtain and improve on
the information acquired to solve problems. Interaction and collaboration are important in the process of developing
students’ critical thinking (Slavin, 2014). They need to reflect on what they were previously exposed to, and what they
are currently experiencing.

Engaging in social interaction with peers in real-world contexts has the potential of facilitating leamers’ ability
to reflect on previous exposure and views. These social relationships promote the development of their cognitive
processes that enables them to effectively transfer their knowledge across courses and apply it to unfamiliar situations.
Collaboration enables students to interact among themselves by exchanging views and ideas to effectively discover
new knowledge to accomplish their objectives. It allows them the opportunity to benefit from the inspiration of working
as a team, while assisting each other to achieve specific objectives (Fu & Hwang, 2018). Interactive and collaborative
learning environments empower students to exercise their minds to find solutions to problems and develop higher-

order tendencies, as they respond to their peer’s questions and remarks.
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Methodology

A documentary research design was fused with a cross-sectional survey. The former was employed to analyse
and synthesize literature relevant to the objective of the study. The latter, on the other hand, was used to capture
the responses of the lead users as they relate to the processes that could influence the adoption of mobile-blended
and collaborative inquiry-based leaming to enhance the critical thinking skills of business education undergraduate
students in Nigeria. Demographic variables were analysed using frequencies, while Mean, Standard Deviation, and
Percentage were used to analyse the processes associated with the promotion of critical thinking in students using
mobile-blended with collaborative inquiry-based learning. As the study is focused on business education undergraduate
students, a sample of 120 business education teachers was drawn from both universities and colleges in three states in
the country. A questionnaire was employed to collect data, and its validity and reliability was ascertained by experts in
both educational technology and business education fields. The instrument was a 5-point Likert scale, for
the participants to indicate their degree of agreement or disagreement with the processes that are associated with
the effective adoption of mobile-blended with collaborative inquiry-based leaming, to develop critical thinking abilities

in Nigerian business education undergraduate students.

Results

Table 1: Socio-demographic characteristics of the respondents

Variables N Percentages
Gender
Male 67 55.8
Female 53 a4.2
Total 120 100%

Highest Qualification

Bachelor 19 15.8
Masters 58 48.3
PhD a3 35.8

Total 120 99.9*

Teaching experience

<10 years 34 28.3
10-19 years 38 317
20-30 years 29 24.2
>30 years 19 15.8

Total 120 100

*One of the respondents did not indicate his present highest qualification in the questionnaire.

Out of the 120 respondents that duly completed and retumned the copies of the questionnaire, 67 (55.8%)
were male while 53 (44.2%) were female. 19 (15.8%) of them at the time of this study had bachelor degrees as their
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highest qualification, while 58 (48.3%) had masters degrees and 43 (35.8%) had doctoral degrees. In relation to
the duration of their teaching career, 34 of them (28.3%) had spent less than 10 years in the profession, 38 (31.7%) have
spent between 10 - 19 years, while 29 (24.2%) and 19 (15.8%) have spent between 20 -30 years and above 30 years,
respectively.

Table 2: Participants Mean Score of Processes for the model utilization. (n = 120)

Variables Mean Standard Deviation
Mobile-blended learning community 4.38 0.61
Teachers’ support 4.31 0.52
Students’ support 4.29 0.54
Mobile-blended learning innovation fund 434 0.52
Teachers’ online activities 4.37 0.51
Teachers’ classroom activities 4.30 0.43
Students’ online activities 4.38 0.61
Students’ classroom activities 4.35 0.50

As indicated in Table 2 above, the mean score of the mobile-blended leaming community was 4.38 SD 0.61.
The participants agreed that the mobile-blended learming community facilitates the effectiveness of this approach.
They indicated that it fosters collaborative learning among the members, sustains their commitment while helping them
not to feel isolated with online leaming, as well as ensures they move progressively through the phases of critical
inquiry. The mean score of teachers’ support unit was 4.31 SD 0.52 (Table 2). The respondents indicated that
the support department for the teachers would assist them in the following areas: online course design and
development, media creation of course materials, exposure to blended learning prototypes that have been successful
and boost their confidence, as well as afford experienced faculty members to serve as mentors to the beginners.

As shown in Table 2, students’ support mean score was 4.29 SD 0.54. The majority of the research participants
agreed that students’ support unit helps them to achieve more in mobile-blended and inquiry-based learning.
They admitted that the provision of such support will facilitate students’ access to mobile-blended learning facilities
and equip them with the knowledge and skills necessary to succeed, as well as helping them with issues relating to
the functionality of their devices.

The mobile-blended leaming innovation fund mean score was 4.34 SD 0.52 (Table 2), indicating that
the majority of the respondents agreed that the creation of the fund as part of the implementation strategies, fosters
the provision of the required facilities and incentives for the teachers, as well as ensure the sustenance and
transformation of the project.

Teachers’ online activities mean score was 4.37 SD 0.51, as shown in Table 2. The participants agreed that
the activities such as the design of mobile instructional content to meet learners’ needs, delivery of such mobile

instructional materials in appropriate formats before class, provision of online clarification of confusing concepts, and
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sending online personalized quizzes to students to ascertain their understanding of the content, will adequately prepare
them for the interactive face-to-face component of mobile-blended learning.

From Table 2 above, the mean score of teachers’ classroom activities was 4.30 SD 0.43, showing a higher
level of agreement that classroom activities such as, recapping of the mobile content to refresh the students’ memory,
guestion and answer sessions to consolidate their understanding/application of the content, generate real-life problems,
divide them into smaller groups that will ensure discussion and scaffold their knowledge by asking logical questions
that probe their minds to ignite critical thinking. The participants agreed that these activities enhance the development
of critical skills with mobile-blended learning.

Students’ online activities mean score, as shown in Table 2, was 4.38 SD 0.61. The majority of the participants
agreed that the online activities, such as studying mobile instructional content at various locations, communicating with
their teachers anytime anywhere for clarification on confusing concepts, exchanging ideas among their peers regarding
the content via mobile interaction, searching for and studying related information online and attempting quizzes from
their teachers, are part of the learning processes. They agreed that these activities help the students to sufficiently
prepare for the interactive classroom that is dedicated to the development of their critical thinking.

As shown in Table 2, the mean score of students’ classroom activities while using mobile-blended with
collaborative inquiry-based learning to enhance critical thinking skills was 4.35 SD 0.50. The majority of the respondents
acknowledged that part of the students’ activities such as, asking questions regarding concepts of the content they do
not understand, and studying collaboratively to analyze, evaluate and reconceptualize their knowledge to solve

problems, while enhancing their critical thinking skills.

Process of an inquiry-based mobile blended learning Model

Phase 1. Engagement
Assessment of students’

background to set

learning outcomes.
Phase 2. Exploration

Phase 5. Evaluation Expose students to mobile

Assessment of content. Promotion of

instructional and students’ understanding.

learning processes.

Phase 3. Explanation

Phase 4. Elaboration
Refresh students’

Generation of problems. )
memory of mobile

Collaboration and
content.

interaction.

Figure 1: Steps in inquiry-based approach in mobile-blended with inquiry-based learning
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Phase I: Engagement

The focus of teachers at this phase is on the students’ existing knowledge. What is their background
knowledge? It is not intended for teaching or to provide explanation to students, but to find out what they already
know, which will form the basis of what they need to learn (Duran & Duran, 2004; Sam, 2019). This is achieved through
formative assessments, which leads to the establishment of learning objectives.

Phase 2: Exploration

At this stage, teachers deliver mobile content in an appropriate format (video, text, image or a combination
of them) and with a user-friendly platform to students to study (Shrain, 2012; Bergmann & Sams, 2014; Alsowat, 2016).
The content should complement face-to-face sessions, and be available to students synchronously and asynchronously
(Keskin & Yurdugtl, 2019). This enables collaboration when it is synchronous, while it can enable students to consolidate
learning when asynchronous. The online presence of teachers needs to be regular and interactive to enable
the students to internalize the content. As students study the mobile instructional material, the teachers ask questions
via mobile devices to ascertain their understanding while scaffolding their knowledge (Bishop & Verleger, 2013;
Hew et al,, 2016; Lo & Hew, 2017). This promotes the application of insight gained from the content and consolidates
learning, to ensure sufficient preparation for interactive classroom participation.

Phase 3: Explanation

Moving the lecture part of the class activities to an online platform, at the exploration phase, is to allow
adequate time for face-to-face encounters which engages the leamers in interactive inquiry tasks that promote
the development of their critical thinking skills (Bergmann & Sam, 2014; Grypp & Luebeck, 2015; Jantakoon &
Piriyasurawong, 2018).

This stage is to enhance students’ understanding of the mobile content, at the beginning of classroom
sessions of mobile-blended learning. A succinct review of the online instructional material is necessary to resolve any
misunderstanding of the content by the leamers, and to explain more complex concepts (Grypp & Luebeck. 2015;
Chao et al,, 2015; Lai & Hwang, 2016; Lo & Hew, 2017). This is to facilitate their ability to reorganize their knowledge of
the content and apply it to unfamiliar situations. Teachers ask students questions to determine their understanding of
the mobile content.

Phase 4: Elaboration

At this stage students are engaged in collaborative inquiry tasks by giving them ill-structured work-related
problems. The problems should be linked with the mobile content, while they are to analyse, evaluate and synthesize
their knowledge of the mobile material in solving the problems. The exposure of leamers to ill-structured problems
triggers their reasoning ability, that enhances their critical thinking, while the teacher plays the role of facilitator
(Smy et al,, 2016; Jantakoon & Piriyasurawong, 2018; De Ledn, 2018). As they engage in their inquiry activities, teachers
scaffold their knowledge by asking logical questions that probe their minds to ignite critical thinking.

To ensure students’ interactions and collaborative activities, they should be divided into heterogenous
inquiry eroups. The ability of a group to solve problems collaboratively, depends on the diversity of the membership
in relation to their domains of knowledge and backgrounds (Edmondson & Harvey, 2017; Avdiji et al,, 2018). This diversity,

to a large extent, determines their level of perspective sharing and their ability to proffer alternative solutions to
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problems. Engaging in social interaction with peers in real world contexts has the potential of facilitating learmers’ ability
to reflect on previous exposure, and collaborative inquiry leaming environments are critical for developing social
experiences (Hwang et al, 2011; Fu, & Hwang, 2018). As the students engage in collaborative problem solving,
the teacher has to ensure elaborate interaction. Social interaction is very important in the development of critical
thinking, because as the learners share perspectives, their reasoning horizon is broadened to accormmodate and further
their thinking with the views of others.

Phase 5: Evaluation

Both teachers and students are involved in the assessment. The teachers evaluate the level of the students’
critical thinking with an assessment checklist. During the evaluation, the teachers’ focus is on the extent to which
the students have been able to reorganize their knowledge of the mobile content in their inquiry activities. The students
are given an anonymous and structured questionnaire to elicit responses from them on their satisfaction, motivation,
teamwork, leaming gains, etc., about the innovation, as well as the instructor’s attributes, the design, amount of work,
etc using five-point Likert-scale (Woltering et al., 2009; Bernard et al,, 2016).

Both the teachers' and students’ assessments are to determine whether or not the innovation is effective in

achieving its goal and to identify the areas that can be improved upon for practicability and effectiveness.

Table 3: Teachers’ and students’ activities in mobile-blended with inquiry-based leaming to enhance

critical thinking skills

Inquiry steps Context Teachers’ activities Students’ activities Output
Steps 1: Engagement
1.1 Analysis of students’”  Face-to-face 1.2 Conducts a 1.3 Students 1.4 Teacher

backegrounds formative assessment  participate in formative  establishes leaming
to analyse students’ assessment. outcome
background
knowledge.
1.5 Design of mobile Online 1.6 Reviews curriculum 1.7 Produces a
content outline sketch of learning
activities that the
students need to
undergo to
accomplish the set
learning objectives.
1.8 Develop mobile Online 1.9 Reviews curriculum 1.10 Produces

content

content to produce
mobile learning

content

mobile learning
content in suitable
mobile media

formats.
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Inquiry steps Context Teachers’ activities Students’ activities Output
Step 2: Exploration
2.1 Delivery of mobile Online 2.2 Sends mobile 2.3 Study mobile 2.4 Students
learning content learning content to learning content in develop
students via mobile their various location preliminary
device via their mobile knowledge of
devises mobile content.
2.5 Assessment of Online 2.6 Sends 2.7 Students answer 2.8 Teacher
students’” understanding personalized quizzes quizzes from teacher identifies areas in
of mobile content on the mobile content the mobile content
to students students need
clarification
2.9 Reinforcement of Online 2.10 Clarifies 2.11 Ask questionson  2.12 Student
students’ understanding confusing/complex confusing/complex acquire improved

and ability to apply
mobile content

knowledge

concepts of mobile
content

2.13 Asks students to
search for and study
online content that
relates to the mobile
content earlier sent to
them.

2.16 Encourage
students to interact
with their peers on the

mobile content

concepts of the
mobile content

2.14 Search for and
study online content
that relates to the
mobile content sent
to them by the
teacher

2.17 Interact with their
peers to share ideas

on the mobile content

understanding of
mobile content
2.15 Students
generates new
knowledge

2.18 students help
their peers to gain
better

understanding

Step 3: Explanation

3.1 Refresh students’
memory of mobile
content

3.5 Consolidation of
students’ understanding

of mobile content

Face-to-face

Face-to-face

3.2 Summarizes

mobile content

3.6 Asks students
questions with the
view to resolves their
misconceptions of
concepts of mobile

content

3.3 Listen as teacher
summarizes the
mobile content
3.7 Answer questions

on mobile content

3.4 Teacher
prepares students
for class activities
3.8 Teacher
facilitates students’
understanding of

mobile content
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Inquiry steps Context Teachers’ activities Students’ activities Output
Step 4: Elaboration
4.1 Generation of work- Face-to-face 4.2 Generates work- 4.3 Generate work- 4.4 Teacher and

related problems

4.5 Division of students

into inquiry groups

4.9 Presentation of work-

related problems to the

students

4.13 Facilitation of

elaborate interaction

4.20 Application of
knowledge to a new

situation

Face-to-face

Face-to-face

Face-to-face

Face-to-face

related problems with
the students in line
with the mobile
content

4.6 Divides students
into heterogenous
groups to reflect their
knowledge
backgrounds

4.10 Present work-
related problems to
each of the inquiry

groups

4.14 Encourages the
students to analyse
the problems by
asking them questions
4.17 Facilitates
students’ knowledge
of the mobile content
by asking them

questions

related problems with
the teacher in line with

the mobile content

4.7 Students identify
their various inquiry

groups

4.11 Students interact
and collaborate with
their group members
to analyse the
problem and the
mobile content

4.15 Use questions
from teacher to guide
their analysis of the
problem

4.18 Use teacher’s
questioning to analyse
and evaluate their
knowledge of the
mobile content

4.21 Reorganize their
knowledge of mobile
content to resolve the

problem

students establish

real-life problem

4.8 Students are
divided into inquiry
groups to promote

collaboration

4.12 students are
presented with
inquiry learning

tasks

4.16 Students
interactions are
enhanced

4.19 Students’
knowledge is

scaffolded

4.22 Apply
synthesized
knowledge to

resolve problem
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Inquiry steps Context Teachers’ activities Students’ activities Output

Step 5: Evaluation

5.1 Evaluation of critical ~ Face-to-face 5.2 Assesses the 5.3 Teacher
thinking skills with rubrics students’ abilities in determines the
the analysis, effectiveness of the
evaluation and instructional
synthesis of the process

mobile learning
content in their inquiry

tasks

5.4 Evaluation of the Face-to-face 5.5 Assess how the 5.6 Students

inquiry leaming process inquiry leamning determine the

process has enhanced  effectiveness of the
their critical thinking leamning process.

skills.

Criteria for assessing critical thinking skills in an inquiry-based mobile blended learning

1.

Ability to separate fact-based information from inferences in the mobile content

. Ability to analyse the mobile content and separate relevant from irrelevant information
. Ability to relate fact-based information in the mobile content to new situations

2
3
a.
5
6
7

Ability to identify new information that support the solutions in their inquiry activities

. Ability to identify alternative interpretations of the content
. Ability to reorganize relevant information to solve problem

. Ability to reason logically in the application of content in a new situation

8. Ability to communicate ideas clearly and effectively.

The mobile context

To ensure maximum benefits from the mobile context, the following are necessary:

1.
2.

Both teachers and students must possess ICT hardware such as mobile devices

Teachers and students must be proficient in the manipulation of their mobile devices as teaching and

learning tools respectively

3.
4.

The mobile devices must be internet enabled

There must be application software installed in the devices that will assist the teachers and students to

deliver and access mobile instructional content respectively, example of such software can be WhatsApp, Line,

Facebook messenger or any other preferred learning management system.

5.

There should be a learing community of the student where students can interact and collaborate while

studying the mobile instructional content.
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Discussions

Below is the discussion of the findings of this studly, in relation to the processes associated with the adoption
of mobile-blended learning with collaborative inquiry-based leaming, to enhance the critical thinking skills of
undergraduates.

The online leaming community was found to be one of the processes for implementing mobile-blended
learing to enhance students’ critical thinking skills. This is because it fosters collaborative inquiry learning among its
members, leading to reconceptualization of knowledge. Antwi et al. (2019) emphasized the need to ensure
collaboration in online teaching and leaming, rather than studying individually. Social interaction is very important in
the development of critical thinking, because as the learners share perspectives, their reasoning horizon is broadened
to accommodate and further their thinking with the views of others. Studies have shown that the lack of interaction
leads to failure and ultimately their withdrawal from the online platform (Astleitner, 2000; Willging & Johnson, 2009;
Kintu, Zhu & Kagambe, 2017). Similarly, teachers are able to collaborate with their colleagues on issues relating to their
practices that ensures effective implementation of the innovation.

The support for Teachers was found to be crucial in the implementation of blended learning. This can be in
the forms of teaching assistants, technical support and exposure to successful blended learning prototypes, as well as
orientation. Such forms of support could be accessed through collaboration, experienced teachers serving as mentors
to beginners and the establishment of a technical support unit, to ensure smooth functionality of the devices across
the entire innovation (Heaney & Walker, 2012; Gedik et al., 2013; Ma’arop & Embi, 2016). This will boost their confidence
and allay any anxiety they may have in embracing the innovation. Teachers require regular training to enhance their
competence on how to redesign online instruction and manipulate the learing management system proficiently
(Arney, 2015; Pulham & Graham, 2018). Such training initiatives are directed towards achieving a proper blend of both
components. In the work of Han, Wang & Jiang (2019) technical and teaching support were found to be among
the drivers of successful blended learning in schools.

Adequate support for students is a mandatory requirement, as they are the focus of the activities with regards
to the innovation. Rovai (2002) stated that when leamners get support, their sense of belonging and social ties are
enhanced, which in turmn strengthen their participation in online leaming. Support from teachers and peer are essential
to encourage and sustain leamers in online leaming (Lee et al,, 2011; Fryer & Boyee, 2018). Concluded in their various
studies, that teachers’” online support is necessary for the promotion of higher order thinking in students, because it is
a reflection of the constructivist’” approach to teaching and leaming, and also guarantees their sustainability while
learning (Johnson, 2017; Fryer & Boyee, 2018). Furthermore et al. (2016) observed that online peer support is very
helpful for undergraduates to guarantee effective online learning. In addition, Han et al. (2019) emphasized that when
challenges are detected while blended learning is being implemented, timely support is essential to sustain its
effectiveness. Studies have shown that technical support is crucial to promote effective interaction with technology
mediated instructional materials, because it helps to eliminate any anxiety associated with it, and closes the digital gap
among students (Graham, 2004; Johnson, 2017; Cocquyt et al., 2019). Prior to implementation, the need to put in place
a robust mobile-blended leaming lifeline for the students cannot be overemphasized, because it helps to dispel their

uneasiness and promote their confidence to leverage on the benefits provided by technology, as learing tools.
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The responses of the majority of the respondents of this study indicated the need to create a mobile-
blended leaming innovation fund, which will serve as a source of incentives to the teachers charged with
the implementation. A greater number of them agreed that incentives such as financial compensation, sponsorship for
seminars and provision of mobile devices would motivate them to embrace mobile-blended learning, to enhance
critical thinking abilities of their students. The provision of incentives like transport fares during face-to-face sessions and
grants to participate in conferences, workshops, loans and bonuses by managements, has helped various schools,
globally, to encourage the implementers of blended leaming to be dedicated (Raphael & Mtebe, 2016). In addition,
Porter et al. (2014) stated that many educational institutions have successfully introduced and sustained blended
leamning with the provision of stipends and devices to the teachers. Hall (2017) also reported other incentives associated
with the use of technological tools for teaching to include additional time, technical support, sponsorship for training
and other forms of compensation. The creation of mobile-blended learning innovation fund will help to facilitate
the provision of these incentives to encourage the teachers towards the adoption, as well as the overall transformation
of the innovation in tertiary institutions.

Teachers’ online activities to enhance critical thinking, should offer students adequate preparations for
classroom interactive learning, by designing mobile instructional content to meet their needs. Delivering such materials
in an appropriate format for students to study in their various locations, providing online clarification regarding confusing
concepts, and sending personalized quizzes to students to ascertain their understanding of the content. The out-of-
class blended learning sessions should enable the learners sufficient information for problem solving in face-to-face
environments. As the students study the material in text or video format, the teacher asks questions to ascertain their
understanding while scaffolding their knowledge (Bishop & Verleger, 2013; Hew et al, 2016; Lo & Hew, 2017).
This promotes the application of insight gained from the content and consolidates learning, to ensure sufficient
preparation for interactive classroom participation.

Classroom activities such as recapping the online material to refresh the students’ memories, generating real-
life problems, dividing them into small groups, ensuring elaborate discussion and scaffolding their knowledge by asking
logical questions were found to be associated with the enhancement of critical thinking. A succinct review of the online
instructional material is necessary to resolve any misunderstanding of the content by the learners, and to explain more
complex concepts (Grypp & Luebeck, 2015; Chao et al,, 2015; Lai & Hwang, 2016; Lo & Hew, 2017). The exposure of
learners to ill-structured problems triggers their reasoning ability, that enhances their critical thinking, while the teacher
plays the role of facilitator (Smy et al., 2016; Jantakoon & Piriyasurawong, 2018; De Ledn, 2018). Grouping students into
small heterogenous teams to participate in real-life inquiry-based exercises, has been found to be among the most
effective processes in developing their critical thinking abilities. The ability of a group to solve problems collaboratively,
depends on the diversity of the membership in relation to their domains of knowledge and backgrounds
(Edmondson & Harvey, 2017; Avdiji et al., 2018). This diversity, to a large extent, determines their level of perspective
sharing and their ability to generate alternative solutions to problems. As the students are engaged in collaborative
problem solving, the teacher has to ensure elaborate interaction. Engaging in social interaction with peers in real world
contexts has the potential of facilitating leamers’ ability to reflect on previous exposure, and collaborative inquiry

learning environments are critical for developing social experiences (Hwang et al., 2011; Fu & Hwang, 2018). Such social
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interactions promote the development of students’ critical thinking abilities that enables them to effectively transfer
their knowledge across courses and apply it to unfamiliar situations. As they collaborate, effective implementation of
inquiry instruction, requires teachers to appropriately scaffold tasks that will enable their students to understand how
to exercise their minds, acquire step-by-step knowledge on how to resolve situations, how to collaborate with peers
and how to deeply reflect on their learning (Harris & Rooks, 2010; Gillies & Nichols, 2015).

This study found that the following online activities of the students were important to prepare them
sufficiently for their interactive face-to-face sessions: studying mobile instructional content from their teachers,
communicating with them anytime anywhere for clarification on confusing concepts, and exchanging ideas among
themselves. Searching for and studying related information and attempting online quizzes on the content from their
teachers, to consolidate their learning. Moving the lecturing part of the class activities to an online platform, is to allow
adequate time for face-to-face encounters which engages the leamers in interactive inquiry tasks that promote
the development of their critical thinking skills (Bergmann & Sam, 2014; Grypp & Luebeck, 2015; Jantakoon &
Piriyasurawong, 2018). By using mobile devices, the gap between teachers and learners is eliminated as they enable
teachers to offer guidance to their students that are engaging in online learning activities (Song & Siu, 2017; Wishart,
2018). Mobile learning tools motivate students to participate actively in learning, because as they collaborate with their
peers, they are encouraged to share perspectives on issues relating to their learing content (Boyce et al., 2014; Ciampa,
2014; Davie, 2017). During online encounters, leamers can access various online platforms that offer educational
materials to consolidate their learming (Ozdamli & Cavus, 2011; Lepp et al, 2014; Mwapwele & Roodt, 2016).
When teachers’ follow-ups are incorporated in online learning, it enhances their students’ abilities to apply what they
have learnt (Szpunar et al,, 2014; Jantakoon & Piriyasurawong, 2018). These activities when carried out effectively,
provide an adequate background for learners to effectively participate in the face-to-face interactive sessions of blended
leamning.

The study revealed that students’ classroom activities, such as asking questions regarding confusing concepts
in the mobile content, and interacting extensively to reconceptualize new knowledge, while promoting their problem-
solving abilities. Questions and answers should be an integral part of reviewing the online content at the beginning of
face-to-face meetings, which enables the teacher to assess and reinforce their understanding of it (Grypp & Luebeck,
2015; Jantakoon & Piriyasurawong, 2018). When students engage in collaborative inquiry leaming with peers in real world
contexts, their critical thinking skills are activated to resolve unfamiliar problems (Hwang et al., 2011; Fu & Hwang, 2018).
Such collaboration should be centered on adequate interactions and tasks, that will guarantee their ability to analyze,

evaluate and synthesize their knowledge to solve problems.
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