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ABSTRACT

The proliferation of mobile technologies in different contexts contributes to the rapid and extensive
implementation of mobile-based teaching and learning practices across the globe. Effective
implementation of mobile-based informal formative assessment practices in science classrooms could
yield to scientifically literate learners who are able to communicate, work collaboratively to construct
knowledge and think critically. Data was collected from four purposively selected science teachers
around Gauteng province, through questionnaire, classroom observations and stimulated-recall
discussions. The findings from the questionnaire indicated that all four participating science teachers
still enact formative assessment following the traditional and teacher-dominated approach.
Numerous challenges such as insufficient classroom time, inadequate resources and unstable Wi-Fi
connection hinders teachers from frequently practicing inquiry-based instructional strategies and
technology-enhanced formative assessment. Although these four science teachers have experienced
numerous challenges, they have pointed out numerous benefits of implementing mobile-based
formative assessment for inquiry-based learning. Benefits such as enhanced learner engagement,
knowledge construction, participation, motivation, and comprehension of scientific concepts during the
learning process were reported. However, certain changes such as flexible curriculum, adequate
teaching and learning time and adequate and relevant teacher professional development must be
implemented to ensure successful mobile technology-enhanced formative assessment for inquiry-based
learning practices.

Keywords: formative assessment, informal formative assessment, inquiry-based teaching, mobile
technologies.

1. INTRODUCTION

The shift from traditional teacher-dominant teaching approaches towards inquiry-based
teaching approaches has led to a critical consideration of technological tools that have great
potential to effectively support formative assessment practices in an inquiry-based science
classroom. Trending technologies such as mobile technologies are developed and rapidly
integrated into educational contexts to offer adequate support to teachers for the effective
enactment of formative assessment practices (Woolf, 2010). The 21st-century learners are
regarded as a technology-savvy generation that is eager to experiment and enjoy learning and
assessments through educational applications such as Kahoot! Socrative and Quizizz on their
mobile devices (Anamalai & Yatim, 2019).

Research reveals that game-based formative assessment tools such as Socrative and
Kahoot! have a positive impact on the learners’ learning experiences, enhancing learners’
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motivation and active engagement toward science learning (Ismail & Mohammad, 2017).
It is accordingly important for science teachers to adopt and use mobile technologies to
support effective informal formative assessment practices for inquiry-based teaching.
Although mobile-based formative assessment is still an emerging area in the mobile learning
research context, mobile technologies have great potential in facilitating formative
assessment practices in an inquiry-based classroom (Nikou & Economides, 2018). Formative
assessment is an important component in the teaching and learning process which supports
learners in acquiring skills, knowledge, and expertise that will help them to be critical and
competent learners in the 21st-century era (Nikou & Economides, 2018).

Currently, the skills that are in demand in the 21st-century era include communication,
critical thinking and creativity, and collaboration. There are numerous benefits associated
with the effective use of mobile technologies for formative assessment practices. To point
out a few benefits, firstly, mobile technologies enable easier administration of formative
assessment activities (Bacca-Acosta & Avila-Garzon, 2021). Secondly, formative assessment
conducted through mobile technologies has the potential of enhancing learners’ motivation
and achieve the stipulated learning goals (Nikou & Economides, 2018). Thirdly, mobile
technologies can further support a wide variety of assessment practices such as formative
assessment, informal formative assessment, and game-based assessment (Sung, Chang, &
Liu, 2016). Fourthly, the effective use of mobile technologies can help teachers to
successfully assess their pedagogical practices as well as the learners” competencies related
to 21st-century knowledge and skills such as critical thinking, collaboration, creativity,
communication, and problem-solving (Nikou & Economides, 2018). Fifthly, mobile
technologies can be used to capture learners’ performance and analyze the captured data to
inform the next teaching and learning steps while providing appropriate support to learners
according to their needs and level of conceptual understanding based on their performance
(Sung et al., 2016).

Empirical research (Oyelere, Suhonen, Shonola, & Joy, 2016) has reported that mobile
devices play a vital role in learners’ academic achievement, providing adequate support to
foster meaningful teaching and learning experiences and improve engagement with the
learning material, collaboration, enjoyment, and interest, promoting continuous interactions
and can also facilitate innovative pedagogical strategies that will equip learners with
higher-order thinking skills. Despite the numerous affordances associated with mobile-based
formative assessment practices in the 21st-century era, science teachers are experiencing
numerous challenges that hinder the successful enactment of informal formative assessment
using mobile technologies. Lack of appropriate teaching and learning resources, adequate
technical and management support, teachers’ adequate knowledge and experience, and
teachers’ positive attitudes and beliefs towards mobile-based formative assessment are the
main challenges that hinder teachers from implementing mobile-based formative assessment
(Nikou & Economides, 2018). It is noticeable that teachers receive arguably little or no
guidance to select and effectively implement mobile technologies for formative assessment
when following an inquiry-based pedagogical approach. Grob, Holmeier, & Labudde (2017)
argue that teachers’ lack of formative assessment literacy has been reported and professional
development is suggested as an approach to developing teachers’ formative assessment
literacy.

1.1. Conceptualizing Informal Formative Assessment

Ruiz-Primo (2011) describes informal formative assessment as a practice that allows
the teacher and learners to collect evidence of learners’ understanding by using various
assessment opportunities. In any classroom, the informal formative assessment can take place
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between the teacher and learner and learner-to-learner interaction, depending on the purpose
of the assessment. Therefore, the informal formative assessment does not require naturally
predictable events that occur in any classroom but requires ongoing small-scale, frequent
learning opportunities that teachers will use to collect, analyze, and interpret learners’
performance and conceptual understanding toward the stipulated learning goal (Ruiz-Primo,
2011). Thorough planning, structuring of assessment questions, and timing are critical
aspects required to ensure that teachers implement informal formative assessment effectively
in real-time every day (Ruiz-Primo, 2011). This means that when teachers are practicing
informal formative assessment, they need to be aware that informal formative assessment is
consistent with the purpose of sound educational assessment which goes beyond
conventional assessment. Informal formative assessment requires teachers to make decisions
“on the fly”” and allow them to reflect in action and use learners’ responses to direct the next
teaching and learning step.

The informal formative assessment constitutes social nature as one of the fundamental
mechanisms by which learning occurs even beyond the classroom and various contexts.
As a result, learning activities such as classroom conversations can foster the social nature of
informal formative assessment in the classroom. Ruiz-Primo (2011) argues that informal
formative assessment should create opportunities for ‘evaluating, modifying and re-thinking
the learning opportunities intended to enable learners to achieve their learning goals” (p.16).
In the 21% century era, there is an increasing expectation that teachers will use technological
tools, including mobile technology to teach and assess learners’ learning. Accordingly, there
have been developments in what should be expected of 21st-century learners in today’s
world, which is characterized by 21st-century demands. These learners are expected to
acquire 21st-century skills including critical thinking, problem-solving, communication,
creativity, collaboration, and innovation (Luckin, Clark, Avramides, Hunter, & Oliver,
2017). The adoption and negotiation of these skills suggest a need to review the ways in
which students’ learning is assessed, which implies that teachers must adopt and improve
their pedagogical and formative assessment strategies. Assessment strategies such as
mobile-based assessment can be employed in a classroom in such a way that learners acquire
the in-demand 21st-century skills. The focus of this chapter is on investigating the benefits
and challenges that in-service science teachers experience when enacting mobile-based
formative assessment for inquiry-based learning in a South African classroom.

2. BACKGROUND

We live in a world where teachers are constantly challenged to reflect, modify, and
change their pedagogical strategies to fit with current trends and demands. Innovative
pedagogical strategies are necessary in a 21st-century classroom where learners will be
equipped with adequate knowledge and skills to be competent and meet the demands
anywhere in the world, in the present and future. There are numerous factors that play a
significant role in the teaching and learning process, such as the school structure,
organization, policies, and management but what happens in the classroom between the
teacher and the learners is very crucial. This includes the assessment process which is an
integral part of teaching and learning. Therefore, it is important to understand how mobile
technology can be used to administer formative assessments that will enhance learners’
conceptual understanding, communication, collaboration, and critical thinking, and ensure
that all learners attain and exceed the intended curriculum intended aims. In South Africa,
the White Paper on e-Education, further emphasizes that the thoughtful and successful
integration of technological devices can enhance the learners’ motivation and productivity,
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improve the quality of the teaching and learning processes, and promote high-order thinking
skills such as critical and creative thinking, scientific reasoning and problem-solving
(Department of Education White Paper on e-Education, 2004).

Mobile learning is perceived as a process of learning mediated by technological
handheld devices such as smartphones, tablets, Personal Digital Assistants (PDAS),
and e-book readers to enhance and support the teaching and learning process
(Kukulska-Hulme, Lee, & Norris, 2017). Mobile learning is perceived as a form of learning
that occurs through social and content interactions in multiple contexts using personal
handheld electronic devices. Based on these perceptions, mobile learning mainly emphasizes
how learning is tethered from various contexts and how learners learn the subject matter
artifacts using mobile technologies (Crompton, Burke, & Gregory, 2017).

These mobile technological devices have been repeatedly claimed to offer flexibility
and assistance in enhancing the learners” motivation, interest, and autonomy while supporting
learners in interacting and collaborating with their peers, as well as increasing the learners’
engagement and cognitive growth during the learning process (Khaddage, Muller, & Flintoff,
2016). Empirical research has reported several benefits of the successful use of mobile
technologies in classrooms. Crompton et al. (2017) point out that mobile technologies can be
used to afford learners contextualized and personalized learning experiences and provide
both learners and teachers with affordances to interact anytime from various locations.
Learning concepts through mobile technology-enhanced approaches could afford learners the
opportunities to reflect deeply, acquire adequate communication and collaboration skills,
and promote social and constructivist learning. Mobile learning technologies have been
reported to be a powerful tool that can be employed in a classroom to enhance pedagogical
practices while ensuring that the needs of the 21% digital native learners’ need are met to
ensure meaningful and self-regulated learning.

Furthermore, Cerratto Pargman, Nouri, and Milrad (2018) stipulate that those mobile
technologies foster different types of mobile activities including a mix of instructions,
assessing, and providing constructive formative assessment feedback to the learners.
There is a growing emphasis on ensuring that teaching and learning activities promote
creative, constructive, and interactive learning environments by using current trending
technologies, such as mobile technologies. Ozdamli (2012) posits that learning activities
facilitated through mobile technologies such as mobile cell phones are underpinned by
learning theories such as the constructivist learning theory. Based on Piaget’s (1967)
cognitive constructivism and Vygotsky’s (1978) social constructivism which together shape
the nature of inquiry-based instruction, several instructional models of inquiry have been
developed. Constructivism is a paradigm that assumes that knowledge is subjective,
contextual, and inherently partial and has become particularly prominent in science education
through the focus on Inquiry (Minner, Levy, & Century, 2010). Accordingly, Dias et al.
(2008) assert that the constructivist learning theory is the most significant learning theory for
describing learning that is facilitated by mobile technologies. Suarez, Specht, Prinsen, Kalz,
and Ternier (2018) point out that the integration of mobile technology in an inquiry-based
context affords opportunities for new guidance, interactivity in technology-supported
inquiry-learning activities, and participation in classroom conversations and knowledge
construction. According to Elliot, Ngugi, and Malgwi (2018), technological tools can be used
by teachers to successfully administer formative assessment in both formal and informal
approaches. Internationally, K-12 public schools have introduced the Bring Your Own
Device (BYOD), which encourages teachers to implement technology as a formative
assessment tool. Research conducted by Charlesworth (2012) reported that using technology
in a classroom presents several benefits, including increased learner engagement, offering a
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simple and quick way of providing feedback to both the learners and the teacher, which will
further help the teacher to have a clear understanding of the learners’ learning progress and
comprehension.

Laurillard (2007) highlights the importance of the dialogue interactions between the
teacher and the learners, which is mediated through educational technology platforms in
order to improve the learners’ understanding of particular phenomena. The integration of
technology in the formative assessment practices will further allow learners to revisit the
questions anytime they need while enabling both learners and teachers to monitor progress
and gather feedback on the entire teaching and learning process.

Empirical research has shown that the use of formative assessment can foster
meaningful learning for learners and support the development of inquiry competencies in
learners in science classrooms (Black & Wiliam, 2005; Hume & Coll, 2010).

Formative assessment is regarded as an “assessment for learning” and a critical process
that involves interpreting the evidence of learner performance, which is then used to inform
the next teaching and learning step (Grob et al., 2017). Additionally, formative assessment is
typically practiced in classrooms with the aim of testing the abilities, skills, and knowledge
that learners acquired in order to achieve the desired learning outcomes (Alotaibi, 2019).
Research (Alotaibi, 2019; Young & Jackman, 2014) posits that although teachers have
positive attitudes towards formative assessment practices, they are reluctant and less
confident to effectively implement formative assessment in their classrooms. This situation
is due to various reasons including time constraints, excessive workload, large class sizes,
teacher anxiety, ambiguous guidelines for effectively enacting formative assessment
practices, and a rigid curriculum, which is summative in nature and forces teachers to teach
for summative assessment purposes (Alotaibi, 2019).

The lack of adequate understanding of formative assessment on the part of teachers has
been observed as one of the determinant factors of either successful or unsuccessful
implementation of formative assessment practices in classrooms (Vandeyar & Killen, 2007).
Consequently, teachers who have an adequate understanding of formative assessment
practices will effectively employ it daily in their classrooms; whereas teachers who have an
inadequate understanding of formative assessment practices, will not employ this practice in
their daily teaching practices. The National Policy on Assessment and Qualifications for
Schools is aimed at guiding teachers to effectively apply formative assessment and use it to
identify the learners’ learning difficulties, which are then addressed early before the
summative assessments. Black and Wiliam (2005) posit that teachers can experience
formative assessment as an effective and beneficial practice only if the teachers have
adequate understanding to accept and use it to enhance learners’ conceptual understandings
and skills during the learning process in a classroom.

The rationale for this exploratory qualitative case study is to obtain a more in-depth
understanding of the significant role played by the use of mobile technologies by teachers
when enacting formative assessments for inquiry-based teaching of science subjects.
Given the above-mentioned reasons behind the South African science teachers’ inability to
enact mobile technology-enhanced formative assessment practices in inquiry-based teaching,
the current study is relevant because it seeks to:

o Identify the challenges that impede LS and PS teachers from enacting mobile

technology-enhanced formative assessment practices in inquiry-based teaching.

e Suggest the empowerment evaluation approach as a professional development

strategy that will help in overcoming intrinsic and extrinsic factors affecting the
effective implementation of mobile technology-enhanced formative assessment.
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3. RESEARCH QUESTIONS, AIMS, OBJECTIVES, METHODOLOGY,
AND DESIGN

3.1. Research Question, Aim, and Objectives

Despite global empirical research (Sung et al., 2016; Grob et al., 2017) that has reported
the significant role of implementing mobile-learning technologies in an inquiry-based
pedagogy, the teachers’ experiences, and challenges in the use of mobile-based formative
assessment, not many studies in science education have reported on the teachers’ experienced
benefits and constraints with the use of mobile-based formative assessment in a South
African context. Thus, for this study, the overall aim was to investigate South African science
teachers’ experienced benefits and constraints with the use of mobile-based formative
assessment for inquiry-based teaching. The following research question was posed to drive
the inquiry.

What are science teachers’ experienced benefits and constraints with the use of
mobile-based formative assessment for inquiry-based teaching?

In answering the posed research question, we purposively and conveniently selected
four science teachers from around the Gauteng province schools, which presumably had the
resources for enacting mobile-based formative assessment and inquiry-based teaching to
participate in this study. The objectives included to;

e investigate science fteachers’ experienced benefits with the use of mobile-based

formative assessment for inquiry-based teaching.

o explore science fteachers’ experienced constraints in the use of mobile-based

formative assessment for inquiry-based teaching.

3.2. Theoretical Framework

The constructivist learning theory proposed by Vygotsky (1978) and Piaget (1967) was
adopted as suitable to theoretically guide this study. Constructivism has two categories,
namely social constructivism (Vygotsky, 1978) and cognitive constructivism (Piaget, 1967)
which both shape the nature of inquiry-based pedagogy and provide explanations on how
individual learners adapt and refine knowledge through active and collaborative
participation. Aligning to constructivism learning theory, empirical research Ozdamli (2012)
pointed out that the constructivist learning theory is the most significant learning theory for
describing, guiding, and underpinning learning facilitated through mobile technologies.

3.3. Research Methodology

Creswell and Creswell (2017) define qualitative research methodology as an approach
that gives the researcher room to be descriptive and consider social phenomena. Taking into
consideration this definition, the qualitative research methodology was adopted and deemed
suitable for gathering data that will help us answer the research question of this study. A case
study design was adopted as it a design that allowed the researcher to follow participant
science teachers over an extended period.

3.4. Data collection and analysis

Participants of this study included four science teachers’ pseudonyms as Ta, Tg, Tc,
and Tp from three different South African schools in Gauteng province. Three teachers had
5 — 6 years experience of teaching science subjects such as Life Sciences and Physical
Sciences, and the fourth teacher had a three-year experience of teaching Life Sciences.
Data was collected in three stages namely, Stage 1 — open-ended questionnaires: Stage
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2- classroom observations, and Stage 3- stimulated-recall discussions. Open-ended
questionnaire data collected in stage 1 was collected with the aim of identifying participants’
perceptions on enacting mobile-based formative assessment for inquiry-based teaching.
In Stage 2 of data collection, classroom observations were video-recorded with the aim of
understanding the actual practices of the participating science teachers in terms of how they
enact mobile-based formative assessment in inquiry-based teaching within a natural setting
of their classrooms. The video-recorded lessons were approximately 45 — 60 minutes long
per lesson. All open-ended questionnaire responses from stage 1 and video-recorded stage 2
data were transcribed and analyzed using thematic and deductive coding, in order to identify
the correlation and differences between the science teachers’ perceptions and actual
pedagogical practices of mobile-based formative assessment for inquiry-based teaching.
Thereafter, the findings from the first two stages guided the formulation and administration
of the questions for the stimulated-recall discussions for stage 3 of the data collection.

4. RESULTS AND FUTURE RESEARCH DIRECTIONS

Regarding formative assessment, findings from the open-ended questionnaire analyses
revealed that the science teachers do practice formative assessment in a traditional,
teacher-dominated approach, with the aim of testing learners’ understanding of the content,
identifying any knowledge gaps, and helping learners to prepare for summative assessment.
Some of the formative assessment activities they used included homework activities, class
shirt quiz, question-and-answer, and spot tests. However, these forms of formative
assessment practices do not provide teachers with opportunities to provide instant feedback
and continuously probe learners’ responses by asking follow-up questions during the
teaching and learning process. Formative assessment activities such as classwork and
homework activities require teachers to have a couple of days of marking and give feedback
to the learners, by that time learners have even forgotten what they were learning,
this somehow affects the continuous sequence between one lesson to the next. As a result,
it becomes a challenge for teachers to use learners’ performance and use it to inform the next
teaching and learning step. Furthermore, the findings indicated that these science teachers
seldom implement mobile technologies to enact formative assessments. During the
stimulated-recall discussions, they indicated that there are numerous hindrances to the
successful enactment of mobile-based formative assessment for inquiry-based learning.
The identified hindrances include insufficient classroom time, limited knowledge on various
forms of formative assessment, and inadequate knowledge and skills on the use of mobile
applications such as Kahoot! and Socrative and mobile technology integration to effectively
enact formative assessment every day throughout the lesson. Only two out of four participant
teachers have experienced and know how to use mobile-based formative assessment
platforms such as Socrative and Kahoot!, while the other two have no experience and
knowledge of such platforms for conducting the formative assessment.

Following the nature of this study, the participating science teachers were provided with
guidance on how to conduct formative assessments using platforms such as Kahoot!
On mobile technologies. Thereafter, they were given an opportunity to implement Kahoot!
for mobile-based formative assessment. During the observations of the lessons, it was
revealed that inadequate knowledge and skills have an impact on how teachers enact
mobile-based formative assessment for inquiry. As it was clearly visible that these teachers
do not understand the key significance of using formative assessment, instead to them it is
just another approach for engaging learners and keeping them active during the lesson.
Overall, it was observed that all four participating science teachers could not complete their
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lessons within the stipulated lesson time, they could not analyze, interpret and use learners’
performances from the Kahoot! and Socrative to inform the next teaching and learning step.
Wi-Fi connectivity issues were observed and the coherent teaching and learning process was
affected.

Accordingly, these findings were fully explained by the participating science teachers
during the stimulated-recall discussions, where they indicated that school context and certain
socio-economic factors contribute to how teaching and learning take place. For instance,
in two schools - learners do not normally bring mobile devices to school for learning purposes
and some learners cannot afford such devices, which hinders’ full learner participation during
mobile technology-enhanced teaching and learning. Secondly, the time allocated per lesson,
which is ranging between 30 to 60 minutes is insufficient for teachers to effectively engage
learners, and ensure meaningful and constructive learning, as a result, exploration,
elaboration, and even assessment time are very limited, and thereafter, teachers tend to bend
towards traditional, teacher-dominant teaching. Thirdly, there were noticeable differences
between the teachers’ use of game-based formative assessment, as one out of four used
Socrative while the other three used Kahoot! platform. Only 2 out of 4 participating teachers
managed to use learners’ responses to stimulate classroom discussions and ask follow-up
questions with the aim of identifying knowledge gaps and enhancing learners understanding
before moving to the next quiz questions. Whereas the other two teachers only administered
the Kahoot! and Socrative at the end of the lesson with little to no interpretation and use of
learners’ responses to inform the next teaching and learning step.

The findings from this study reveal that although science teachers recognize the
importance of incorporating mobile technologies and have acquired basic knowledge and
skills to effectively enact mobile-based formative assessment for inquiry-based teaching,
their mobile-based formative assessment practices still require extensive guidance and
development. These findings concur with research findings such as (Cochrane, 2014; Sung
et al., 2016; Grob et al., 2017) that attest that mobile technologies can be successfully
implemented and be more effective with pedagogies such as inquiry-based teaching and
formative assessment, however, teachers are experiencing difficulties in implementing
mobile technologies for inquiry-based teaching and formative assessment due to lack of
adequate knowledge and skills, inadequate teaching and learning resources, large class sizes,
insufficient teaching time. South African curriculum structure does not give teachers
opportunities to be flexible and teach according to their classroom context as they must rush
to complete the prescribed syllabus content on time, as a result, the use of mobile-based
formative assessment for inquiry-based teaching is not possible as this pedagogical approach
requires time for preparing, administering, and discussing learners’ input during the learning
process.

Based on the above-presented results, there is still a need for meaningful development
of in-service teachers in equipping them with adequate knowledge and skills to enact
21st-century pedagogy like the mobile-based formative assessment. Based on these findings,
we recommend that the science education fraternity including, Department of Education
authorities, researchers, and teacher educators provide intervention programs for in-service
teachers on the effective enactment of mobile-based formative assessment for inquiry-based
teaching. Studies of this nature could help inform higher institutions and teacher-training
programs about the gaps and the type of guidance and support required to equip teachers with
adequate knowledge and skills to effectively enact mobile-based formative assessment for
inquiry-based teaching.
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5. CONCLUSION

Based on the literature reviewed in this study, it can be concluded that the enactment
of mobile-based formative assessment can improve learners’ interest and engagement in
science classrooms. However, the effective enactment of mobile technology-enhanced
formative assessment is still a challenge for South African science teachers. Taking into
consideration the 21st-century technology-savvy learners we have in science classrooms;
the traditional use of formative assessment practices and non-inquiry-based pedagogies are
no longer relevant and effective for teaching and learning. Even though the challenges that
in-service teachers experience when enacting mobile technology-enhanced formative
assessment in inquiry-based science classrooms still need to be addressed, the data studied
suggest that the benefit of this pedagogical practice and EE professional development
approach are great. This conclusively confirms that the EE professional development
approach to providing adequate support and training to in-service science teachers needs to
be seriously considered with the aim of improving the teaching and learning of science
concepts through innovative pedagogical strategies.
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