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Foreword

The global coronavirus pandemic has highlighted the crucial role of technology in education
as educational systems around the world have been forced to respond to the needs and demands
of students across the world.

However, the responses possible have differed depending on the local and national contexts
within and between different countries as existing and inherent educational inequities and
inequalities have been exacerbated by many of the modern technological solutions and tools.
Where infrastructure has been poor, sometimes certain technologies once written off as
obsolete have shown their enduring role and resilience.

The difference between online teaching and emergency response teaching has been
documented over this period as many academics, me included, grappled with teaching online
for the first time, and were forced to adapt to the “new normal” with great speed. Delivery,
accountability, assessment, assurance, and countless other areas of responsibility were
suddenly questioned and subject to new rules as educational institutions grappled with
overnight change.

This ongoing global pandemic provides the background context to this issue, and indeed its
very publication on the IAFOR platform is testament to power of technology in education. The
range of quality of articles in this issue is a testament to the work of the many contributors,
reviewers and collaborators, and I would like to acknowledge and thank them all here. I would
especially like to thank my good friend Dr Michael Menchaca, of the University of Hawaii at
Manoa, and his associate editor, Dr Daniel Hoffman, of the same institution, for their
dedication to the journal.

I hope you enjoy reading the articles presented in this issue.
Joseph Haldane

Editor-in-Chief
IAFOR Journal of Education



Editorial Advice

Preparing a submission to the JAFOR Journal of Education is more than writing about your
research study: it involves paying careful attention to our submission requirements. Different
journals have different requirements in terms of format, structure and referencing style, among
other things. There are also some common expectations between all journals such as the use of
good academic language and lack of plagiarism. To assist you in reaching the review stage for
this or any other peer-reviewed journal, we provide the following advice which you should
check carefully and ensure that you adhere to.

1. Avoiding Plagiarism

Plagiarism is a practice that is not acceptable in any journal. Avoiding plagiarism is the cardinal
rule of academic integrity because plagiarism, whether intentional or unintentional, is
presenting someone else’s work as your own. The IAFOR Journal of Education immediately
rejects any submission with evidence of plagiarism.

There are three common forms of plagiarism, none of which are acceptable:

1. Plagiarism with no referencing. This is copying the words from another source (article,
book, website, etc.) without any form of referencing.

2. Plagiarism with incorrect referencing. This involves using the words from another
source and only putting the name of the author and/or date as a reference. Whilst not as
grave as the plagiarism just mentioned, it is still not acceptable academic practice.
Direct quoting requires quotation marks and a page number in the reference. This is
best avoided by paraphrasing rather than copying.

3. Self-plagiarism. 1t is not acceptable academic practice to use material that you have
already had published (which includes in conference proceedings) in a new submission.
You should not use your previously published words and you should not submit about
the same data unless it is used in a completely new way.

2. Meeting the Journal Aims and Scope

Different journals have different aims and scope, and papers submitted should fit the specific
journal. A “scattergun” approach (where you submit anywhere in the hope of being published)
is not sound practice. Like in darts, your article needs to hit the journal’s “bullseye”, it needs
to fit within the journal’s interest area. For example, a submission that is about building bridges,
will not be acceptable in a journal dedicated to education. Ensure that your paper is clearly
about education.

3. Follow the Author Guidelines

Most journals will supply a template to be followed for formatting your paper. Often, there will
also be a list of style requirements on the website (font, word length, title length, page layout,
and referencing style, among other things). There may also be suggestions about the preferred
structure of the paper. For the JAFOR Journal of Education these can all be found here:
https://iafor.org/journal/iafor-journal-of-education/author-guidelines/


https://iafor.org/journal/iafor-journal-of-education/author-guidelines/

4. Use Academic Language

The IAFOR Journal of Education only accepts papers written in correct and fluent English at
a high academic standard. Any use of another language (whether in the paper or the reference
list) requires the inclusion of an English translation.

The style of expression must serve to articulate the complex ideas and concepts being presented,
conveying explicit, coherent, unambiguous meaning to scholarly readers. Moreover,
manuscripts must have a formal tone and quality, employing third-person rather than first-
person standpoint (when feasible), placing emphasis on the research and not on unsubstantiated
subjective impressions.

Contributors whose command of English is not at the level outlined above are responsible for
having their manuscript corrected by a native-level, English-speaking academic prior to
submitting their paper for publication.

5. Literature Reviews

Any paper should have reference to the corpus of scholarly literature on the topic. A review of
the literature should:

e Predominantly be about contemporary literature (the last 5 years) unless you are
discussing a seminal piece of work.

e Make explicit international connections for relevant ideas.

e Analyse published papers in the related field rather than describe them.

e Outline the gaps in the literature.

o Highlight your contribution to the field.

Referencing

Referencing is the main way to avoid allegations of plagiarism. The IAFOR Journal of
Education uses the APA referencing style for both in-text citations and the reference list. If
you are unsure of the correct use of APA please use the Purdue Online Writing Lab (Purdue
OWL), — https://owl.english.purdue.edu/owl/resource/560/01/ — which has excellent examples
of all forms of APA referencing. Please note APA is used for referencing not for the general
format of the paper. Your reference list should be alphabetical by author surname and include
DOIs whenever possible.

This short guide to getting published should assist you to move beyond the first editorial review.
Failure to follow the guidelines will result in your paper being immediately rejected.

Good luck in your publishing endeavours,

Dr Yvonne Masters
Executive Editor, IAFOR Journal of Education


https://owl.english.purdue.edu/owl/resource/560/01/
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From the Editors

Thank you for perusing this latest JAFOR Journal of Education: Technology in Education
issue. This is the Journal’s second offering in the specialized area of educational technology.
The Journal overall remains committed to inter-disciplinary, international, diverse articles and
this issue is no exception. The seven articles included represent: (a) research in both higher
education and secondary settings, (b) a mixture of design-based, qualitative, quantitative, and
mixed-methods approaches, and (c) five different countries. The articles cover diverse areas
such as: artificial intelligence, teacher education, documentary film-making, language learning,
mobile learning, virtual manipulatives, and learning task selection.

When perusing this issue, in particular, please note the authors’ incorporation of theoretic or
conceptual foundations to help guide their questions and conclusions. As editors, we receive
many quality manuscript submissions whose main shortcoming is a lack of foundational
theory. Consider framing your research with theory when submitting manuscripts.

Here is a summary of each article in this issue.

In the first article, “Teaching during a pandemic: Elementary candidates’ experiences with
engagement in distance education,” Monica Gonzalez Smith and Nicole Schlaack conducted
an interpretive phenomenological study of the lived experience of teacher candidates
promoting student engagement while delivering emergency remote teaching in the Pacific
Southwest during the pandemic. Conclusions provided by the study included that teacher
candidates need more support with questioning, assessment, and technology tools to keep
students engaged and that teacher preparation programs need to provide teacher candidates
opportunities to practice engagement strategies in distance settings.

Onur Oymak and Feral Ogan-Bekiroglu, in their article, “Comparison of Students’ Learning
and Attitudes in Physical versus Virtual Manipulatives using Inquiry-Based Instruction,”
employ a pre-post comparison design in a Turkish secondary setting to study the effects of
virtual versus physical manipulatives on student learning. An interesting conclusion was that
students had fewer measurement errors when relying on virtual manipulatives.

Finland’s Stina Westman, Janne Kauttonen, Aarne Klemetti, Niilo Korhonen, Milja Manninen,
Asko Mononen, Salla Niittymaki, and Henry Paananen use a convergent parallel mixed-
methods design in their research on using artificial intelligence to support career guidance in
higher education. Their study looked at the viewpoints of students and career guidance staff
while they experienced the inclusion of Al for career guidance. The study indicated Al can
help support the agency of students to prioritize, choose, and consider important decisions for
their professional lives.

In the fourth article, “Five tips from filmmakers: An online instructional module for
documentary film research,” Patsy Iwasaki, an instructor and filmmaker from Hawaii, utilized
convergent mixed-methods to study how an instructional module on documentary filmmaking
informed by experts provided an educational foundation for appropriate subject research and
data collection among higher education students. The study revealed that providing information
and data literacy helped scaffold creativity in the arts while adhering to high standards for
research.



IAFOR Journal of Education: Technology in Education Volume 9 — Issue 4 — 2021

Seohyun Choi, Jaewon Jung, and Dongsik Kim’s article, “The effects of task selection
approaches to emphasis manipulation on cognitive load and knowledge transfer,” used an
experimental methodology to study student task selection in a secondary school in South
Korea. The study suggested an outside agent (such as an instructor or computer) can provide
better task selection by emphasizing only areas of weakness compared to students having to
choose for themselves among a list of tasks that might provide redundant knowledge.

In the sixth article, “Machine translation in the language classroom: Turkish EFL learners’ and
instructors’ perceptions and use,” Murat Ata and Emre Debreli compared student versus faculty
perceptions of the use of Online Machine Translation (e.g., Google Translate) for learning
English as a Foreign Language in higher education. Their findings suggested institutions
should establish policies regarding the use of OMT tools, specifically to guide students in
language learning as well as to better understand the ethics of using such tools.

Finally, Eunice Ofori and Barbara Lockee’s article, “Next generation mobile learning:
Leveraging message design considerations for learning and accessibility,” implemented a
design and development methodology to establish guidelines for mobile learning (mLearning)
in higher education in the U.S. Their guidelines were informed from prior research on message
design and Universal Design for Learning and could assist in creating optimal mLearning
instruction.

Overall, these articles provide appropriate direction for incorporating complex technology in
educational settings. We trust you will find the articles as useful as they are enjoyable to read.

Michael P. Menchaca, Editor, and Daniel L. Hoffman, Associate Editor
IAFOR Journal of Education: Technology in Education
tech.editor.joe@iafor.org
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Abstract

The following research reports on a collaborative effort between two university field
supervisors for an elementary teacher preparation program in the Pacific southwest. Utilizing
practitioner inquiry and situated learning as conceptual frameworks, the authors qualitatively
examine the experiences ten elementary education teacher candidates have with promoting
student engagement during emergency response teaching because of the COVID-19 pandemic.
An interpretive phenomenological analysis of 20 lesson reflections and supervisor observation
notes reveals teacher candidates (TCs) need more support with questioning, feedback and
formative assessment, and technology tools to keep students engaged when teaching at a
distance. Recommendations suggest a need for teacher preparation programs to provide TCs
with opportunities to practice engagement strategies in distance education settings.

Keywords: emergency remote teaching, student engagement, student interaction, teacher
candidate, teacher preparation, pandemic
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In March 2020, the COVID-19 pandemic led to social distancing and nationwide school
closure. As a result, emergency remote teaching (ERT) ensued, marking a temporary shift of
instruction to an alternate mode of delivery due to the crisis circumstances (Hodges et al.,
2020). While widespread use of ERT appears to be a consequence of the COVID-19 pandemic,
distance education (DE), an organized instructional program in which teachers and learners are
physically separated (Keegan, 1980), is a pre-pandemic phenomenon. For example, the states
of Michigan, Alabama, New Mexico, and Idaho passed legislation nearly a decade ago
requiring that all K-12 students complete distance learning experiences before graduating from
high school (Kennedy & Archambault, 2012). In addition, most states in the United States (US)
offer free virtual schooling alternatives for students who cannot attend in person (Littlefield,
2020). However, only 1.3 % of teacher preparation programs (TPPs) in the US address DE in
teacher preparation coursework (Barbour et al., 2014).

While ERT is often used synonymously with the terms DE or distance learning (students
learning at a distance), they describe different settings. The primary objective of ERT is to
provide students with temporary access to instruction, while DE aims to provide students with
educational content and interaction for a designated period (Hodges et al., 2020). Additionally,
DE requires that instructors prepare, plan, and design instruction well in advance of enactment,
while ERT marks a quick, unplanned transition of instruction to an alternative mode of
delivery. During the pandemic, sudden shifts to ERT led to stigmas about DE as lower quality
and efficacy than face-to-face instruction. However, studies have shown no significant
difference in learning outcomes between face-to-face and DE (Zhao et al., 2005).

As the nation continues to grapple with the COVID-19 pandemic, higher education institutions
are shifting courses entirely online or partially online (hybrid) for the unforeseeable future.
While the spring 2020 semester utilized ERT because instructors transitioned to online
instruction haphazardly mid-semester, the fall 2020 semester, instructors had time to prepare
for online course content to deliver DE. Nevertheless, the transition from ERT to intentional,
well-planned DE did not trickle down to Hawaii’s public-school sector (Lee, 2020; Hawai‘i
Department of Education, 2021). Hawai‘i public schools continue to use ERT due to increases
in the number of positive COVID-19 cases and concerns about the recent Delta variant.

In the fall 2020 semester, we (two university field supervisors) transitioned a face-to-face field
experience course to DE. Ten undergraduate, third-semester elementary education teacher
candidates (TCs) worked with mentor teachers to provide online synchronous ERT to
elementary (K-5) students. Even though TCs had two previous semesters of face-to-face K-5
classroom instruction, distance learning was a new instructional format. Throughout the fall
2020 semester, TCs met with us to complete course assignments to reflect on their ERT
experiences. At this time, we noticed that TCs overwhelmingly perceived difficulties with
promoting online student engagement. To support TCs’ pedagogical needs, we merged tenets
of practitioner inquiry with situated learning to guide formal research design.

This research seeks to fill a gap in the literature on TCs’ experiences with ERT to inform TPPs
on the skills TCs need to prepare for teaching online during a global crisis. This
phenomenology seeks to investigate the following research question: What are undergraduate
TCs’ experiences promoting elementary student engagement during ERT?
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Conceptual Framework

Practitioner inquiry is the systematic study of an educational problem or experience where the
practitioner is the researcher. The professional context is the research site, and the practice
itself is the focus of the study (Dana & Yendol-Hoppey, 2019). To inquire about teaching and
learning, practitioners analyze instructional experiences to identify and explicitly work on
questions that matter most to students. Practitioner inquiry aims to develop alternative ways to
understand, assess, and improve teaching and learning so students benefit. Through
collaboration, practitioners pose questions and gather data to become students of teaching. Two
or more teachers work together to examine personal assumptions and collect and analyze data
to develop local knowledge.

Situated learning theory (Lave & Wenger, 1991) proposes that learning is inseparable from
real-world activity. In a situated learning context, one engages with or experiences an authentic
activity. Authentic activities are real-life situations that involve cognitive apprenticeship,
where an expert models a concept or skill to a learner, then slowly releases learner support so
the learner may demonstrate acquisition of knowledge. A cognitive apprenticeship occurs when
a TC works with a mentor teacher. Situated learning occurs because there is a transfer of
knowledge from mentor to mentee (Catalano, 2015). The TC changes due to experiences within
the classroom and can act to affect and modify the classroom. Thus, the complexities of
learning lie not solely within the TC but in the complex dynamics of the TC-classroom
interaction.

Literature Review

At the onset of the pandemic, survey research investigated school ERT readiness and the
challenges perceived in education, exposing that teachers felt overwhelmed with online
learning resources and the number of online tools available (Alea et al., 2020; Huber & Helm,
2020). Teachers also reported challenges with students’ poor internet connections and students’
overall lack of preparation for ERT (Trust & Whalen, 2020). However, before the pandemic,
scholars (Foulger et al., 2017; Lai, 2017) shed light on students’ and educators’ lack of
preparation and competency for DE, calling for technology-infused programs to address
teaching with technology throughout the curriculum. However, programs such as TPPs and
school districts must make several considerations before implementing quality DE.

First, educators need time to adapt to new technologies before being expected to use them
effectively. For example, Teachers’ Technological Pedagogical Content Knowledge (TPACK)
emphasizes that it is essential for teachers to use (a) technological knowledge (TK), (b)
pedagogical knowledge (PK), and (c) content knowledge (CK) to teach students online
effectively (Koehler & Mishra 2009). All three components of TPACK work together to make
distance learning successful. For example, a teacher may have a keen understanding of content
(CK) and can maintain online student behavior and engagement (PK) but does not understand
how to properly use the online software to disseminate a lesson to students (TK). TPACK
emphasizes the binding relationship between technology, content, and pedagogy as the key to
an online teacher’s success. Teachers may use TPACK to reflect on the three components of
their lesson (CK, PK, and TK) and analyze where improvement is needed. In addition, schools
may use TPACK to guide teacher professional development where teachers join a professional
development group according to their needs in CK, PK, or TK.

10
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Second, educators need to be provided with unstructured professional developments (such as
mentoring or online forums) to explore learner-centered activities that will help them teach
with technology (Trust & Whalen, 2020; Zweig & Strafford, 2016). Teachers who feel
comfortable and competent in the technology tools include more technology for student use in
their instructional practices and are more prone to adopt technological advancements in their
instruction (Ertmer, 1999). Teachers need tech support available to them when they need it to
resolve technology issues immediately. Additionally, teachers need to engage with colleagues
in a community of practice. DE educators often feel lonely and isolated from a lack of
interaction with teaching peers and the absence of real-time feedback (Zhang, 2020). An online
or face-to-face community space mitigates teacher’s feelings of isolation, so they may
collaborate, plan instruction, and discuss challenges they are facing (Kear et al., 2012).

Third, educators need fluid communication skills. Even though popular opinion proposes that
teachers can switch instruction mediums and just “jump right in”, this is not the case (Davis &
Roblyer, 2014). Teacher involvement is the most defining difference between DE and face-to-
face education. In the face-to-face setting, the teacher delivers content live to students and can
interact with students inside and outside the classroom. But, in DE, the level of teacher
involvement varies greatly depending on the program used to teach, the size of the online
classroom, and if the teacher has the time to interact with students independently once content
is delivered (Zhao et al., 2005). DE educators need to know when they need to interact with a
small group of students versus giving whole group lectures and need to have the
communication skills required for both learning contexts.

Lastly, teachers need to know how to engage students with technology so students stay
interested while learning about a given skill or concept. As noted by Lai (2017), a “supportive
online learning environment entails teachers using effective pedagogical practices to support
their students and develop a positive teacher-student relationship to foster learner motivation
and engagement” (pp. 322-323). Teachers need to design DE activities that (a) provide
students with flexibility and autonomy, (b) allow for students to exhibit skill, concept and
subject competence, and (c) relate to students’ interests and learning needs (Stroet et al., 2013).
Students achieve autonomy and flexibility in DE environments when teachers give students
agency (choice in deciding on the technological tools they will use to complete course
assignments). Student competence occurs when there is a straightforward course structure
where instructors provide constructive, encouraging, and guiding feedback rather than
evaluative feedback.

Student Engagement and Interaction

Student attitude, classroom climate, motivation, and self-regulated learning conceptualize
student engagement (Fredricks, 2011). In a face-to-face instructional setting, engagement
includes behavioral, emotional, and cognitive factors (Fredricks, 2011; Wang & Eccles, 2013).
However, DE requires a different conceptualization of engagement since the learner has fewer
opportunities to engage with the instructor (Martin & Bolliger, 2018). DE student engagement
provides incentives to motivate student participation, interaction with teachers, peers, and
course material (Al-Freih, 2021).

In DE literature, student engagement is students’ interaction with the online classroom
environment (Anderson, 2003). Others (Wagner, 1994) provide a more technical description,
describing DE student interaction as a “reciprocal event that requires at least two objects and
two actions...[that] mutually influence one another” (p.8). Other literature identifies three DE
interaction types: student-content (SC), student-teacher (ST), and student-student (SS)
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(Bernard et al., 2009; Moore, 1989). SS interaction refers to interaction among individuals or
students working in small groups and is the more desirable interaction type for offering students
cognitive and motivational support (Anderson et al., 2000). ST interaction focuses on the
classroom-based dialogue between student and teacher where the teacher motivates the student
to learn or seeks to stimulate student interest (Moore, 1989). Finally, SC interactions develop
students’ mental and physical skills by providing opportunities for students to connect with the
subject matter under study. Some examples of SC interaction include reading informational
texts, watching videos, or using simulations.

Researchers may use Moore’s (1989) three interaction types to identify DE student interaction
types. However, Anderson (2003) suggests that as long as a distance educator utilizes one of
Moore’s interaction types “at a high level” (p.4), the other interaction types are not essential.
Nevertheless, Anderson does not describe how to determine if student interaction occurs with
high-level fidelity. Others (Martin & Bollinger, 2018) underscore the importance of the
instructor’s presence in promoting students’ DE interactions, arguing that it is not the type of
interaction that matters but how the instructor provides the interaction type.

Gaps in the Literature

Educational technology research reports on the benefits that student engagement and
interaction have on student outcomes (Al-Freih, 2021; Lear et al., 2010), describes DE
interaction types (Anderson, 2003; Moore, 1989) and the skills teachers need to be effective
DE educators (Zhao et al., 2005). However, most literature reports on higher education contexts
where DE educators enact instruction for adult learners. In addition, educational technology
literature on DE in K-12 teaching and learning contexts is limited. This research has the
potential to inform TPPs on the skills TCs need to be effective DE educators. Therefore, this
study seeks to fill a gap in the literature and investigate undergraduate TCs’ experiences
promoting elementary DE student engagement.

Methods

Phenomenology investigates the commonality of a lived experience within a particular group.
The purpose is to describe the universal essence of individuals’ experiences with a
phenomenon (Moustakas, 1994). Classic phenomenology focuses on first-person experiences
and intentionality (direction of experience towards things in the world) and aims to understand
how established ways of seeing are brought into being. Understanding the researchers’
presuppositions of the phenomenon is a central feature of phenomenological research. Epoché
or bracketing (Moustakas, 1994) is done with memos or reflexivity (Rodham et al., 2015). To
ensure trustworthiness in phenomenological research, the researchers need to develop a curious
stance towards the data. Bracketing requires that researchers engage in reflexivity to become
mindful of their biases and personal experiences on the research to self-monitor the impact of
their role in creating knowledge.

Statement of Reflexivity

The first author is an Assistant Professor in multilingual learning, elementary education. Her
beliefs about student engagement and distance learning align with sociocultural concepts of
learning and come from her personal experiences growing up as a bilingual and her
professional experiences working as a former public elementary school teacher and now a
university professor. She believes tools mediate learning and that humans make sense of the
world through their interactions with others. The first author is knowledgeable in preparing
TCs to design and enact instruction for multilingual students or those who speak a language
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other than English as a first language. The first author also assumes it is easier to teach in
person than it is to teach virtually.

The second author is supervising TCs in the field and works as a lecturer in education. A former
elementary and secondary teacher, she developed an immersive language program and engaged
her students in numerous art projects. Her teaching philosophy is grounded in social
constructivism while providing students a sense of self-efficacy and agency. COVID-19
required a transfer to distance learning and the second author explored synchronous and
asynchronous teaching formats. The second author believes that teaching in a distance learning
environment requires educators to adapt to new modes of instruction, student participation, and
engagement.

Research Context

The TPP uses a cohort model and is a four-semester long program that results in an
undergraduate degree in elementary education with initial teacher licensure. TCs begin the TPP
in their junior year of college and complete four semesters of field experiences and methods
course instruction. A cohort coordinator assigns TCs to an elementary school and mentor
teacher. Semesters one through three include two days of field experience and methods course
instruction. Semester four includes full-time student teaching. In addition, a university field
supervisor observes TCs in the field and teaches bi-monthly seminars. Seminars provide
opportunities for TCs to discuss field experience events, review relevant theory, receive lesson
plan support, engage in reflective practice, and practice instructional strategies.

On March 13. 2020, nationwide lockdown ensued. Face-to-face instruction in the spring 2020
semester abruptly transitioned to ERT. Prior to the pandemic, TCs worked with a mentor
teacher two days per week to provide face-to-face instruction to K-5 students. When the
pandemic hit the US, TCs were in the midst of the second semester field experience. Mentor
teachers and TCs transitioned K-5 instruction to ERT with no preparation in DE.

At the same time, universities worked to accommodate the quick escalation of ERT. TPP
instructors referred to empirical research on online field experiences. According to the
literature (Hixon & So, 2009), there are three types of online field experiences. Type I is
characterized by concrete, direct experiences where the TC works in a live classroom setting
with a mentor teacher and students. In a Type I field experience, TCs interact face to face with
students and mentor teachers. Technological tools, such as video conferencing, videotaping,
and video analysis facilitate supervision, reflection, and communication. In Type II virtually
enhanced field experiences, TCs observe students and teachers in classrooms remotely through
video conferencing software such as Zoom, Google Meets, and WebEx. Examples of Type II
field experiences are synchronous lesson observations or non-real-time pre-recorded videos.
Simulated environments create Type III virtually-enhanced field experiences. In Type 111
“virtual practicums,” TCs learn about and practice pedagogy using artificial reality, such as
publicly available video-recorded lessons or via teaching channels. The different types of
online field experiences may be used in conjunction with one another. For example, TCs may
remotely observe a classroom (Type II experience) for an assignment while working in direct
(Type 1) field experience. The TCs reported on in this research participated in Type II field
experiences because they worked with mentor teachers and students to enact instruction at a
distance. Likewise, all collaboration and dialogue between mentors, students, and university
supervisors took place online.
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Participants

The research took place when TCs were in the third semester of the TPP. At the start of the fall
2020 semester, instruction remained online. However, because of the pandemic, TCs were
allowed to choose one of three pathways to complete the third-semester (spring 2021) field
experience requirement: (1) work face-to-face with a mentor teacher, (2) work online with a
mentor teacher, or (3) complete field simulation tasks provided by the field supervisor with no
mentor teacher assignment. As a result, 10 of 18 TCs (56%) chose to work with a mentor
teacher, either face-to-face or remotely, and are reported on in this research because they
planned and enacted ERT for students.

The ten TCs reported on in this study completed two formal observations that included a lesson
pre-conference, formal observation, and post-conference. To accommodate online instruction,
field supervisors (the authors) joined TCs’ live online lessons or watched a recording of TCs’
lessons. TCs used the university’s lesson plan template to plan online instruction and chose a
Charlotte Danielson Framework (CDF) (Danielson, 2013) domain as a professional
development goal for their lesson. The public school system used the CDF for in-service
teacher evaluation. The TPP used the CDF to develop TCs’ fluency in CDF language for
professional development . For instance, TCs shared their lesson plan with their field
supervisor, using CDF language to establish a goal (i.e., I want to create a culture for learning).
Then the field supervisor used TC’s CDF goal to provide lesson plan suggestions in pre-
conference meetings. TCs were required to record their lesson (even if the field supervisor
attended their live instruction online) and analyze their video using a video reflection
framework (Smith, 2019). To culminate the formal observation assignment, TCs used the video
reflection framework to guide post-conference reflective dialogue with the field supervisor.

Data Collection

Data was collected over a 16-week semester of online instruction in fall 2020. Data included
20 TC lesson reflections (two per TC). TCs completed written reflection prompts on their
enacted DE lessons. TCs recorded ERT using the Screen-Cast-o-Matic (a web-based screen
recording tool), then reflected on their audio-video recording using a free video annotation tool
(v-note.org). Written reflection prompts asked TCs to comment on how their DE met or did
not meet a personal pedagogical goal. TCs referred to the CDF (Danielson, 2013) to select a
pedagogical goal. Before watching and analyzing their video, TCs decided what instructional
elements would evidence them having met or not having met this goal. Secondary data sources
included university supervisor notes (n=40). We (the authors and university field supervisors)
took field notes when meeting with TCs in post-lesson conferences. During post-lesson
conferences, TCs read excerpts from their written reflections to us, described how they
analyzed their video recording, and played segments of their recording to exemplify what they
noticed about their instruction and how it related to their CDF goal.

Explicitation of the Data

Phenomenology uses the term “explicitation” instead of “analysis” because when we analyze
we break data into smaller discernable parts instead of keeping it whole (Groenwald, 2004).
We used Interpretative Phenomenological Analysis (IPA) to explore TCs’ experiences with
promoting elementary student engagement during ERT. IPA involves a light form of thematic
analysis where the data are kept intact through a process of phenomenological reduction or
bracketing so a phenomenon may become evident (Smith & Osborn, 2015). While IPA is a
popular analysis approach, it is essential to note that a researcher’s values, perceptions
inevitably influence the process of understanding someone else’s life or experience, and biases,
a process known as “double hermeneutic” (double interpretation) because the researcher is
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trying to make sense of the participant trying to make sense of their own experience (Rodham
et al., 2015). To address IPA methodological issues, we referenced personal interpretive
resources throughout the entire explicitation process. In addition, we read our statements of
reflexivity before reading the data and took memos as we read the data to “bracket” prior
experiences from coloring our interpretations of the data to ensure trustworthiness.

Data were analyzed in three stages: initial note-taking, transferring notes into themes, and
connecting themes to generate findings. During initial note-taking, we employed a free analysis
approach (Smith & Osborn, 2015) to explore TCs’ experiences with promoting online student
engagement. To do so, we opened TCs’ lesson reflections on Google Docs and created a three-
column table (listing initial notes, data excerpts, and themes). We independently reviewed
lesson reflections applying In Vivo (Saldafia, 2021) codes to the left-hand column to capture
participants’ own words. We used the comment tool on Google Docs to take memos to
document our emotions, interpretations, and thoughts about the data to bracket personal biases
as we took initial notes.

In stage two, we met to discuss our In Vivo codes using an idiographic analytical approach
(Grbich, 2013) to transfer notes into themes. This allowed us to focus on the unique experiences
of each participant prior to moving towards general claims. Our conversation resulted in three
themes: “questioning”, “formative assessment”, and “technology” (Figure 1). At this time, we
noticed that data within each theme contained the following chronological pattern: the
participant describes an engagement strategy, the participant reveals their beliefs about the
strategy, the participant shares the challenges they encountered enacting the engagement
strategy, the participant considers a plan of action for improvement. Seeing this pattern, we

bR AN1Y

chose to add the following subthemes: “beliefs”, “challenges”, “plans” to our codebook.

Figure 1: Transferring notes into themes.

In stage three, we looked for patterns across themes and subthemes to generate findings. First,
we used the themes and subthemes to independently re-code reflections. Then we met to
discuss our coding, noting similarities and differences for inter-rater reliability. When we
encountered differences, we turned to our observation notes for clarification. In three instances,
our observation notes were not enough to reconcile our coding discrepancies, so we phoned
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participants for member-checking (Lincoln & Guba, 1984). We took notes as participants
clarified their experiences then connected themes and subthemes to represent findings. We
continued this process until 100% inter-rater reliability was achieved and used the themes:
questioning, formative assessment, and technology to report on TCs experiences with student
engagement in ERT.

Findings

This study explored TCs experiences with student engagement in ERT. To understand TCs’
experiences with ERT as a phenomenon, we examined the engagement strategies TCs utilized,
the beliefs TCs had about the strategies they used for student engagement, challenges TCs
perceived, and any plan of action for subsequent instruction.

Questioning

The questioning theme involved instances where TCs relied on question-response student-
teacher (ST) interactions. TCs used questioning to promote student engagement and added
rigor to online lessons as a way to invite students to think critically. For example, one TC
explained, “/Students] had the most attention when I asked them questions. They could even

regain their focus if I asked them to answer a question or give me an answer to a problem”
(TC, September 2020).

Another TC shared, “I should have worked with a small group of struggling students so that
they could ask clarifying questions and get help with some of the workbook questions.” (TC,
September 2020). Overall, TCs expressed the belief that questions were an essential
engagement strategy that teachers should use to keep students on task as a way to help
“struggling” students receive content support.

TCs combined strategies they learned about in their methods courses with questioning. TCs
used think-aloud and open-ended questions such as: “What should I do now? Can you help
me?” along with Total Participation Techniques (TPTs) such as “think-pair-share” and
“thumbs-up” an attempt to keep students engaged online.

TCs noticed TPTs did not work in the online setting with the same tenacity as the face-to-face
setting. This was largely due to the fact that TCs did not use breakout rooms and relied on
whole group question-response. One TC explained, “I model how to solve the problems then
give them [students] time to practice on their own, but it’s hard to create the “pair” time
online. I know I should do breakout rooms, but I don’t think I can do this on WebEx [distance
learning software used by the school]” (TC, September 2020).

TCs revealed they needed to reconceptualize the participation strategies they learned about in
their methods classes to “fit” the online platform they were using. The reconceptualization
involved considerations about how to support student engagement online and thinking about
how the features and limitiations of the online leanring platforms (Webex; Google classroom)
affected instructional intentions. TCs shared feelings of being un-prepared and unsure of their
teaching competency, evidencing a lack of technological knowledge (TK) in the TPACK
framework. As one TC shared, “I know I have to get better at teaching online. I don’t feel
confident anymore (TC, October 2020).”

TCs expressed strong desires to improve on the types of questions they used to promote online
student engagement. One TC summed it up, “I should have added more variety to my questions.
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In this way, I could introduce new vocabulary and expose students to different styles of
questioning” (TC, December 2020). As TCs taught online, live video feed of K-5 students,
provided evidence of student disengagement; this evidence prompted TCs to see a need for
improvement. As one TC expressed, “I can see them doing other things as I'm speaking, so 1

know I need to improve on how I ask them questions to keep them interested in the lesson” (TC,
November 2020).

An overall feeling of improving questioning techniques via online tools that could promote SS
interactions was expressed by all TCs. For example, TCs shared a desire to use breakout rooms
to engage students in collaborative discussions, while four TCs shared they wanted to use the
chat feature to keep track of student responses.

Feedback and Formative Assessment

TCs used formative assessment in the form of feedback to promote online student engagement.
Praise such as “thank you or “good job” kept students interested in a lesson. However, TCs
noted that praise was not enough to develop online student discussions for critical thinking.
For instance, one TC stated: “I’d like to take the comments my students make and have them
elaborate or turn their comments into a discussion. Instead of saying a mere thank you, 1'd like
my feedback to become more detailed” (TC, November 2020). TCs expressed that they used
ST interaction and wanted to move towards student-to-student (SS) interaction. A noteworthy
finding that may mean that TCs learn how to facilitate SS interaction online once TK and PK
are acquired.

In other instances, TCs shared beliefs about the role the teacher has in facilitating SS
interactions and their lack of TK to do so. For instance, TCs analyzed students’ independent
work samples to keep track of student progress and understanding. A TC shared, “/ use practice
problems to see what students know how to do before I move on” (TC, October 2020). However,
when completing practice problems online, TCs noted that they did most of the talking and
shared that they needed to learn how to facilitate students sharing their work online.

A TC explained, “It’s hard for me to create a way for students to work together in small groups
online. It’s always a whole group with me doing most of the talking. I know I need to change
this” (TC, November 2020).

Formative assessment became challenging for TCs to implement online: “/ created a rubric to
use to check off when students complete a specific task, but I cannot see each student
individually, so I observe a few students at a time, usually the ones I know are struggling” (TC,
October 2020). The distance learning environment challenged TCs in keeping track of student
progress during instruction. While some TCs used online games like Kahoot! to formatively
assess students, TCs noticed they needed to rethink formative assessment in their lessons to
consider the use of technology as an instructional tool. As one TC shared, “/ can't walk around
to check on the progress anymore and offer support” (TC, October 2020). TCs’ experiences
revealed that while they wanted to use technology to support all students, they were only able
to help students who were vocal about their learning needs.

Technology

Respective schools provided video conferencing apps such as WebEx or Google Meet as
distance learning platforms. TCs frequently used the chat feature and camera features to keep
track of student engagement in the form of verbal responses and facial gestures. Other
candidates relied on the Google Suite and used Google Slides to present lesson content with

17



IAFOR Journal of Education: Technology in Education Volume 9 — Issue 4 — 2021

animations (pictures and emojis on the slides). TCs felt confident using the Google suite for
instruction. Still, they expressed issues with internet connectivity (the video freezing), visibility
(not being able to see all students in a grid view), and multitasking (showing the Google Slides
and teaching while also observing students). One TC expressed frustration, “/t’s so hard to see
all of the students when I'm teaching,” “I can’t see everything on my one screen” (TC, October
2020). Another TC voiced, “I could not successfully explain to the students how to take a
screenshot” (TC, December 2020).

Feelings of frustration led TCs to notice the importance of practicing DE lessons in advance to
detect and solve technical problems. TCs explicitly stated that they practiced distance learning
lesson procedures at home “with stuffed animals,” “with a sibling,” or “with a peer” before
they taught their lessons to students, albeit home practice did not mimic the reality of the virtual
classroom. As one TC shared, “I practice my lessons in advance, but on the day of my lesson,
everything changed. I needed to keep 15-second graders engaged. This is something I can’t
practice at home” (TC, December 2020). TCs expressed that they would like to improve their
multitasking skills. Improvement plans included monitoring students via camera and chat
through an additional screen or asking their mentor teacher what they do to multitask.

Discussion

The following research sought to investigate undergraduate TCs’ experiences with promoting
elementary student engagement during ERT. Findings reveal TCs focused on questioning,
feedback and formative assessment, and technology to keep students engaged online.

When using questioning, TCs heavily relied on student-teacher (ST) interactions that only
motivated some students to participate in the discussion. TCs noticed a need to create more
student-to-student (SS) interactions. They began to consider breakout rooms or group chats but
were missing the technological knowledge needed to enact these ideas. Even though scholars
argued that ST interaction has the highest perceived value among students (Anderson, 2003;
Martin & Bollinger, 2018), this research showed that SS interaction is critical when working
at a distance. Agreeing with Lear et al. (2010), findings from this research support the notion
of building interactivity and community online to promote student engagement and learning
outcomes.

When it came to feedback and formative assessment, TCs relied on strategies learned in
methods coursework that worked in the face-to-face setting (i.e., praise). However, when
teaching synchronously at a distance, TCs noticed that they could not monitor students' work.
TCs missed opportunities to provide “struggling” students with feedback because students
were silent, not working, had their cameras off, or the TC did not notice the student was
experiencing difficulty. TCs began to consider technological tools that could help them monitor
student work (i.e., Jamboard) and use explicit feedback to promote students’ cognitive
engagement. Findings from this research reiterate the need for TPPs to reconceptualize teacher
competency. Teacher competency should include a teacher’s ability to teach at a distance. A
suggestion is for TPPs to consider using the TPACK framework (Koehler & Mishra, 2009) to
provide TCs with feedback when working in the field or as a TC self-assessment tool. With
TPACK, TCs may learn the importance of demonstrating interactions between content,
pedagogy, and technological bodies of knowledge.

The technology theme revealed TCs’ lack of understanding of DE and the overall need for TK
professional development. TCs shared that they needed to practice using technology more and
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believed that they needed to learn how to “multitask” with multiple screens to see students
while delivering content. While TCs demonstrated content (CK) and pedagogical (PK)
knowledge, findings suggested that TCs struggled with applying PK and CK in DE due to a
lack of TK. Teachers need to be able to use technology for student instruction when graduating
from a TPP. An implication for the field is for TPPs to apply Lave’s and Wenger’s (1991)
situated learning theory to provide TCs with ample situations to practice DE; this could include
virtual simulations of a DE classroom. Davis and Roblyer (2005) recommended that TCs learn
about DE while in a TPP. However, current frameworks used to evaluate TCs who are working
in the field do not contain language about DE (Danielson, 2013). TPPs need to address the
ways TCs teach with technology (Foulger et al., 2017) and should use teaching evaluation
frameworks that address TCs’ DE competence.

A limitation of this study is the sample size; therefore, we want to reiterate that findings from
this study are made to provide a description only and should not be used to make general claims
about other TCs. Additionally, because this research used a Type II online field experience
where TCs did not have direct contact with us, their mentor teachers, or students, we
acknowledge that TCs’ experiences with teaching at a distance may have been different if
intermittent face-to-face interactions were included. More research is needed to highlight how
TCs may be prepared for distance learning and should consider larger sample sizes, and face-
to-face interactions or online community-building spaces for mentor teachers, TCs, and
university supervisors. Additionally, more empirical research is needed examine the
connections between SS, and TK and PK to describe how TCs obtain TK and PK while in a
TPP. More research is also needed on K-12 synchronous DE formats. A continuation of this
study would be an examination of how TCs use SS interaction in DE to work with K-12
students.

Conclusion

This phenomenological study reports on TCs’ experiences with promoting elementary student
engagement during ERT. Findings report on TCs’ use of questioning, feedback and formative
assessment, and technology engagement strategies. Recommendations are made to support a
need for DE evaluation tools in TPPs, along with the addition of explicit opportunities for TCs
to teach at a distance.
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Abstract

This research aimed to determine whether implementation of virtual technology or
implementation of physical materials in a learning environment is more efficient in
understanding physics concepts and developing positive attitudes at the high school level. The
theory that framed this study is the model of learning as dynamic transfer. Participants were 96
ninth grade students (n = 96) distributed randomly to the virtual or physical group. Inquiry-
based instruction continued during teaching of kinematics and dynamics, which lasted for eight
weeks for both groups. Data from the Force and Motion Achievement Instrument (FMAI),
student worksheets, the Attitude Towards Physics Scale (APCS), and anecdotal observations
were collected. This study concluded that the use of physical and virtual manipulatives in
inquiry-based instruction had the same effect on students’ conceptual and procedural
knowledge, as well as their attitudes towards physics. However, students who dealt with
physical experimentation had lower learning than their peers who experienced virtual
experimentation due to measurement errors made by students. Furthermore, physical
investigations left students with some irrelevant knowledge. Therefore, it is reasonable to
assume that implementing virtual manipulatives is more advantageous for learning in some
conditions. The final conclusion is that attitude and learning may be developed in a parallel
manner.

Keywords: Attitude, learning, physics, physical manipulatives, virtual manipulatives
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In an ideal situation, students are expected to formulate ideas that align with scientific
explanations; however, significant constraints such as limitations of the laboratory
environment work against this possibility (Marshall & Young, 2006). Educators should design
the learning environment in a way that provides students with more experiences and more
opportunities to understand the process of doing science so that it can facilitate learning
(Vosniadou, loannides, Dimitrakopoulou & Papademetriou, 2001). Research suggests that
laboratory and hands-on activities create effective learning environment to increase
achievement in science knowledge and to influence attitudes toward science in a positive way
when properly designed (Adesoji & Raimi, 2004; Freedman, 1997; Gibson & Chase, 2002).
Both virtual and physical materials can be used during laboratory science activities for the
construction of powerful learning environment.

Manipulatives are multisensory tools that represent ideas in more than one way to promote
communication among students to enhance and deepen understanding (Shaw, 2002). De Jong,
Linn and Zacharia (2013) stated that “both physical and virtual manipulatives can achieve
similar objectives, such as exploring the nature of science, developing team work abilities,
cultivating interest in science, promoting conceptual understanding, and developing inquiry
skills, yet they also have specific affordances” (p. 305). The ability to change the values of
variables and modify model characteristics (Ford & McCormack, 2000; Tao & Gunstone,
1999; Windschitl, 2000; Zacharia, 2003), make the “unseen” seen (Potkonjak et al., 2016),
simplify complex and messy real-world models (Hennessy, Deaney & Ruthven, 2006; Hsu,
2008; Triona & Klahr, 2003; Trundle & Bell, 2010; Zacharia & de Jong, 2014), and conduct
experiments about unobservable phenomena (Jaakkola, Nurmi & Veermans, 2011; Zacharia &
Constantinou, 2008) are some of the advantages of using virtual manipulatives (VM). On the
other hand, enabling learners to experience the challenges many scientists face
(Balamuralithara & Woods, 2009; de Jong et al., 2013; Marshall & Young, 2006; Windschilt,
2000) and allowing them to acquire complexities and a sophisticated epistemology of science
by dealing with unanticipated events and measurement errors (de Jong et al., 2013; Olympiou
& Zacharia, 2012; Toth, Morrow & Ludvico, 2009) are some of the benefits of using physical
manipulatives (PM).

Besides these pros, there are some cons of using virtual and physical manipulatives. Having
obstacles for testing specific ideas and models in the micro-world (Roth, Woszczyna & Smith,
1996) and unfamiliar parameters (Marshall, 2002) are the constraints of virtual manipulative
environment. Producing confusing and inconsistent feedback due to irrelevant information
(Klahr, 2007) is the critical aspect of physical manipulative environment. Therefore, some
researchers have found that VM enhance students' conceptual knowledge and attitudes of
science more than PM. In contrast, other researchers have found the opposite effect. Due to the
conflicting results in the literature, this research aimed to determine whether implementation
of VM or PM in a learning environment is more efficient in understanding physics concepts
and developing a positive attitude. In this context, the term virtual manipulative is used to refer
to virtual technology such as computer-based simulations, videos, and e-books, whereas
physical manipulative is used to refer to real-world concrete materials and instruments for this
study. The research was interested in answering the following research question: What are the
significance differences between using virtual manipulatives and physical manipulatives in
terms of high school students’ learning of motion and force concepts and their attitudes towards
physics? One promising method of promoting conceptual change in science learning is inquiry-
based learning (Hofstein & Lunetta 2004; de Jong 2006). However, inquiry learning is only
effective if students receive sufficient instructional guidance (Alfieri et al., 2011; Driver et al.,
1994). Therefore, guided inquiry-based instruction was preferred for the context of the study.
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Theoretical Background

The importance of learning is that it is responsible for all the skills, knowledge, attitudes, and
values that are acquired by human beings (Gagne, 1977). Thus, both knowledge and attitude
are important outcomes of learning. Research in physics education has revealed that students
in diverse grade levels hold various conceptions of mechanics that are irreconcilable with the
Newtonian understanding of motion and force (Clement, 1982; Finegold & Gorsky, 1991;
Graham, Berry & Rowlands, 2013; Mildenhall & Williams, 2001; Rowlands, Graham, Berry
& McWilliam, 2007). On the other hand, attitudes of students towards science are leading us
towards a society with less and less scientific vocation (Aguilera & Perales-Palacios, 2020).
The educational challenge is to promote positive attitudes towards science, which should be
given priority in educational research (Osborne, Simon & Collins, 2003).

Transfer is the dynamic creation of associations between knowledge elements (Rebello et al.,
2005). Transfer occurs when students use learning from one context in another (Reed, 1993;
Singley & Anderson, 1989). According to Schwartz, Varma and Martin (2008), because
learners need to go beyond their original learning to accomplish a conceptual change, dynamic
transfer occurs when component competencies are coordinated through interaction with the
environment to yield novel concepts or material structures. In other words, students can learn
from interacting with complex, well-structured environments that may include tools,
representations, other people, and so forth (Schwartz et al., 2008). Schwartz and colleagues
state that a model for dynamic transfer of learning also implies that learners need to bring their
attitudes which help determine whether or not they will engage the environment in productive
ways. Consequently, the theory that framed this study is the model of learning as dynamic
transfer (diSessa & Wagner, 2005). This model deals with (re)constructing knowledge in new
context or environment (Rebello et al., 2005). This model was chosen because the study
examines students’ physics learning and attitudes towards physics when interacting with a
virtual or physical manipulative environment. According to Rebello et al. (2005), dynamic
transfer occurs when instruction attempts to change student knowledge, provides rich setting
for students to express themselves, and involves groups of up to three students.

Empirical Studies Comparing Virtual and Physical Manipulatives

Researchers have compared the impact of using VM and PM on learning and attitude by taking
their affordances into consideration. Plenty of research has discovered cases where using VM
seemed to be as effective for student learning and attitude as using PM (Apkan, 2002; Darrah
et al., 2014; Jaakkola & Nurmi, 2008; Klahr, Triona & Williams, 2007; Taghavi & Colen,
2009; Triona & Klahr, 2003; Zacharia, 2003; Zacharia & Constantinou, 2008; Zacharia & de
Jong, 2014; Zacharia & Olympiou, 2011). For example, Taghavi and Colen (2009) compared
and evaluated the effectiveness of computer simulated laboratory instruction versus physical
laboratory instruction. Their results based on 22 college students, indicated students’ attitudes
were similar with regard to both the simulated and physical laboratory instruction. Similarly,
Zacharia and Constantinou (2008) explored the effect of experimenting with physical or virtual
manipulatives on 68 undergraduate students’ conceptual understanding of heat and
temperature. Their results showed that both modes of experimentation were equally effective
in enhancing students’ conceptual understanding. Correspondingly, there are some studies
revealing that the use of VM facilitated student learning more than the use of PM (Bozkurt &
Sarikoc, 2008; Finkelstein et al., 2005; Husnaini & Chen, 2019; Wang & Tseng, 2018). For
instance, Husnaini and Chen (2019) investigated the effects of physical and virtual laboratories
on conceptual understanding of 68 secondary school students. The participants conducted a
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pendulum experiment with guided inquiry-based approach. The researchers discovered that the
virtual laboratory was more effective for improving difficult concepts than the physical
laboratory. On the other hand, a few research studies produced opposite results, where PM
created a more valuable experience than VM (Coramik, 2012; Marshall & Young, 2006).
Marshall and Young (2006) studied three prospective teachers, working together in a group, as
they used both Interactive Physics and physical manipulatives to explore what happens to the
momentum of objects in collisions. According to their results, the participants took longer to
execute cycles of exploration with the computer than with the physical manipulatives.
Furthermore, they spent much more time processing feedback from the program. It is important
to ask why the results of plenty of research mentioned above are not consistent with each other.
The reason for the discrepancies may be that some variables such as instructional method,
teacher’s approach, and physical conditions were not taken under control in most of the studies.
Since these factors directly affect student learning and attitude, it is hard to reach any consensus
about which manipulative, physical or virtual, is better to use. More quasi-experimental studies
are needed.

Reviewing the literature also points out that the majority of research was conducted with
university students. Research carried out with high school students is rare. In addition,
comparisons of the impact of using VM and PM on learning has been made for various physics
concepts but little research has focused on motion and force concepts. This is critical because
it is important to study students’ conceptual understanding across several science domains
(Olympiou & Zacharia, 2012). Much remains to be learned about the relative efficacy of
physical and virtual materials when they are used in different science domains, with different
instructional goals, approaches, outcome measures, and types of students (Klahr et al., 2007).
Besides, studies comparing the effectiveness of virtual and physical experiments on different
outcomes other than learning are worthy of investigation (de Jong et al., 2013). Therefore, the
purpose of the present study was to compare the impact of using virtual manipulatives and
physical manipulatives on students’ learning of motion and force concepts and their attitudes
towards physics.

Methodology

Participants

A pre—post comparison design was used for this research. Participants were randomly assigned
to a virtual manipulative group or a physical manipulative group. The participants were 96
ninth graders (n = 96) from an all-boys military boarding school. They were already randomly
distributed to four classes by the school administration. Consequently, there were 24 students
in each class. The students’ ages were between 15 and 16. One author was the physics teacher
for the four classes and he randomly chose two classes to work with the virtual manipulatives.
The other two classes worked with the physical manipulatives. In total, there were 48 students
in each group.

Procedure

The research was conducted in the students’ physics class. The students attended the class two
hours a week. The instruction took place during a chapter on motion and force, which lasted
eight weeks. This chapter included the following concepts: position, distance, displacement,
speed, velocity, instant velocity, average velocity, acceleration, force, force of friction, weight,
Newton’s first law of motion (law of inertia), Newton’ second law of motion, and Newton’
third law of motion (action-reaction forces). The fact that there were various teaching resources
related to one dimensional motion and force enabled the teacher to use different manipulatives.
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The participants had formal education on motion and force concepts when they were students
in the middle school.

Since the participants came to this boarding school from various middle schools and might
have different backgrounds about inquiry, guided inquiry was employed in both groups to
enable students who lacked experience to conduct research and experiments. During the
guided-inquiry instruction, the problem, the background, and guidance of the procedures were
given to the students but the methods of analysis, interpretation, and conclusion were for the
students to generate. The same concepts were taught and same sample problems were solved
in both virtual and physical manipulatives groups. The students were actively involved in
exploring and constructing their own understanding and worked in groups where it was
necessary to enable occurrence of dynamic transfer.

Activities in the groups started with open-ended questions to assess the students’ prior
knowledge and capture their attention. The students worked collaboratively in small groups
and were encouraged to state their ideas in discussions held at the end of the activities.
Sometimes the teachers addressed misunderstandings with the help of student explanations.
Learning objectives, instructional method (inquiry), time on task, types of questions and probes
from the teacher and assessment were the same for both the virtual and physical groups. The
participants took their classes in the same technology-supported physics laboratory and their
teacher was the same person. Moreover, since the participants were semester boarders, their
learning activities after school hours were pretty much the same. Therefore, important variables
that might influence learning and attitude were the same for the groups. Only the medium of
presentation — virtual or physical — varied between the groups. Simulations, video recordings,
interactive whiteboard, tablets and z-book were used in the virtual manipulatives group; while,
experiment sets including air track, board and textbooks were used in the physical
manipulatives group. For example, for students to learn position, displacement, speed, and
velocity concepts, the students ran “walking man” simulation, the teacher used interactive
presentations, and the teacher and the students solved some problems on the smart board by
using interactive programs in the VM group. Meanwhile, the students did experiments with air
tracks, the teacher made explanations by using the board, and the teacher and the students
solved some problems on the board interactively to facilitate student learning of these concepts
in the PM group. Likewise, the students in the VM group used a 2D freeware program and
played the “maze game” online while the students in the PM group used air track sets and did
hands-on activities by playing with velocity and acceleration cards to learn about acceleration.

The inventories designed to measure student learning and attitude were administered to the
participants in four classes at the same time as pre- and post-tests. Other teachers in the school
were observers and the researcher visited the classes during the administration.

The students were given worksheets created by the researchers that helped them explore
scientific knowledge by requesting and guiding them to construct experiments and conduct
various measurements. They included open-ended questions to get students’ attention. Thus,
six worksheets were prepared throughout the motion and force chapter based on the same
performance objectives. The only difference between the worksheets used in both groups was
the manipulatives in the directions and questions. The concepts and performance objectives
assessed in the worksheets are presented in Table 1. The worksheets were completed by the
students individually.
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Table 1
Concepts and Performance Objectives Assessed in the Worksheets

Worksheet Concepts Performance Objectives
Collecting data by doing experiments, drawing of position-
1 Linear motion time and velocity-time graphs, interpretation of graphs,

graph transformations.
Explanation of acceleration by relating it with speeding up
Acceleration and  and slowing down. Inquiring the reasons for acceleration,
2 two dimensional collecting data by doing experiments, drawing of velocity-
motion. time and acceleration-time graphs, interpretation of graphs,
graph transformations.
Explanation of friction force, comparison of static and
Force and friction  kinetic friction forces, exploring variables that the friction

3 force force depends on, making inferences from data, exploring
advantages and disadvantages of friction force in daily life.
Balanced forces Calculation qf the coml?ination forcgts exerted on an object
4 and Newton’s first and e§planat10n of motion of the object. Ex‘plor1.ng and
law explalglng of Newton"s first lavy related to inertia by
collecting data and doing experiments.
5 Newton’s second  Exploring and explaining of Newton’s second law by
law collecting data and doing experiments.
Newton’s third Exploring and showing action and reaction forces by using
6 law free-body diagrams.

Role of the Researcher and Teacher Intervention

The teacher of both groups was the first author. He had two roles. One role was as the
participants’ teacher and the other was as a researcher, who collected and analyzed the data.
However, he was only a teacher throughout the instruction of motion and force concepts. He
did not analyze any data until the instruction was over. Due to his teacher role, he established
good communication with the students and worked to create an environment where the students
felt comfortable about sharing their views. Rebello et al. (2005) argue that the researcher should
be an observer and an instructor in order for dynamic transfer to occur. Therefore, he observed
the students, directed them to the next step and promoted learning with the manipulatives.

Even though the teacher did not adopt the researcher role during instruction, some precautions
were taken in order to prevent possible researcher bias. First, the two researchers prepared the
lesson plans and worksheets together for both groups. This was an effort to make sure that the
only difference between the groups was the manipulatives. Second, each lesson in both groups
was videotaped and the two researchers watched and discussed the teacher’s acts and
performances before the next lesson to prevent any action that might affect student learning
apart from the instruction. There was not any threat identified in the video recordings regarding
research bias. Third, all of the data collection sources were written documents and both
researchers analyzed them together. And finally, interrater reliability values were measured for
the scoring of the rubrics.
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Data Collection

The empirical phase of the study included the eight weeks of instruction, as well as two weeks
for pre- and post-tests. In total, the study lasted ten weeks. As described below, both qualitative
and quantitative methods were used to collect data.

Participant learning. Student learning was assessed formatively as well as summatively. In
order to measure changes in student understanding of kinematics and dynamics concepts, the
Force and Motion Achievement Instrument (FMAI) developed by Gokalp (2011) was
administered as a pre-test and a post-test. This instrument was chosen among similar
instruments for multiple reasons. First, it was comprehensive and specifically designed for
ninth grade students. Second, the FMALI assessed both content and skill objectives by using
various types of questions. Finally, the internal reliability coefficient for the FMAI was
reported as .84 (Gokalp, 2011), which indicates high internal reliability. After performing both
exploratory factor analysis and confirmatory factor analysis, Gokalp (2011) found that the
FMAI measured students’ achievements of “uniform linear motion”, “fundamental forces”,
“Newton’s laws of motion”, “friction”, and skill objectives as intended. Skill objectives were
related with problem solving skills, information and communication technology skills, and
physics-technology-society-environment skills. The instrument itself consisted of 30 questions
including 16 multiple-choice, 12 open-ended, and two true-false questions. The questions on
the instrument were conceptual as well as quantitative. Each question in the FMAI has an
option of “I don’t know / I can’t do”. In this way, unanswered questions can be categorized
accurately. If this option was chosen, it was coded as “0”. The true-false and multiple-choice
questions were coded as “0” for nonscientific answers and “1” for scientific answers. There
was a scoring rubric to analyze students’ answers. The open-ended questions were coded as
“0” for nonscientific answers, “1” for partially scientific answers, “2” for mostly scientific
answers, and “3” for totally scientific answers. Therefore, possible scores ranged from 0 to 54.
Students were given 50 minutes to complete the FMAI Two open-ended questions and their
scoring rubric were given. See the Appendix for examples.

Based on Rebello et al.’s (2005) suggestion for dynamic learning, student learning was also
assessed during the instruction with the help of worksheets. Formative assessment integrated
with instruction ideally provides a seamless process of assessment followed by instruction
(Cauley & McMillan, 2010). Thus, the worksheets were used for the purpose of assessment for
learning. The students completed each worksheet in one class hour. Student learning of the
concepts covered during instruction was compared in detail. One two-point scoring rubric
(from 0 to 2) was created for each worksheet based on the performance objectives assessed in
the worksheet. As a result, six scoring rubrics were generated in total. The rubrics were the
same for both groups.

Participant attitude. Changes in student attitude towards physics was assessed by applying
the Attitude Towards Physics Scale (APCS) developed by Geban et al. (1994). This instrument
was administered before and after the instruction. The instrument consisted of 15 items and a
5-point Likert scale (1 = “strongly disagree” to 5 = “strongly agree”). Possible scores on the
APCS ranged from 15 to 75. Four items were related to enjoying physics, seven items were
about interest in physics, and four items were related to necessity of physics. The internal
reliability coefficient for the APCS was 0.83. This scale was chosen to because of its high
internal reliability and shortness.

In addition to the FMAI, the APCS, and the worksheets, anecdotal observations were recorded
while the students were working with manipulatives.
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Data Analysis

Normality analyses were done separately for the learning and attitudinal data. Shapiro-Wilk
tests were performed to determine if the pre- and post-tests data gathered from the APCS and
the FMAI were normal. The significance values for pre-FMAI, post-FMAI, pre-APCS, and
post-APCS were greater than 0.05 (p = 0.11, p = 0.50, p = 0.22, p = 0.55 respectively);
therefore, all data followed normal distributions within a 95% confidence interval. Skewness
and kurtosis were also calculated. Skewness values were between -1.0 and -0.5. Values of
kurtosis fell between 0.5 and 1.0. Therefore, they supported normality. Independent ¢-tests were
performed to analyze the data and compare the groups statistically. Dependent #-tests were used
to analyze the data within groups. Effect sizes were calculated for the changes in the groups
(Cohen, 1988).

The reliability analyses of the FMAT and the APCS were performed for this study. The
worksheets were evaluated by one of the researchers based on the rubrics. In order to assess
the reliability of scoring, the other researcher randomly selected 32 students (30%) from the
PM and VM groups and scored their worksheets independently. Then, the two researchers
compared their scoring and calculated the agreement for each group of worksheets separately.
The researchers were able to reach 91% agreement for the first worksheet. The reliability
measured by Cohen’s k was 0.71. Agreement percentages for the remaining five worksheets
were 96%, 94%, 91%, 92%, and 93%. The following Cohen’s « values were reached regarding
these agreement values: 0.86, 0.85, 0.70, 0.80, and 0.80. Fleiss (1981) characterizes Kappa
values over 0.75 as excellent, values between 0.40 to 0.75 as fair to good, and below 0.40 as
poor. Consequently, the scoring of students’ knowledge reflected in the worksheets had
adequate reliability. The authors re-scored the items on the rubrics that did not have initial
agreement and the final scoring scheme was constructed by reaching consensus.

Results

Results of Student Learning

The internal reliability coefficient for the pre-FMAI was 0.40 indicating low reliability and
0.67 for the post-FMALI indicating medium reliability. Some students might have forgotten
some parts of the force and motion domain after several years.

The results of independent samples #-tests showed a small difference between the two groups’
performance on the FMALI (see Table 2). Before instruction, the physical manipulative group
scored slightly higher (M = 12.16, SD = 3.30) than the virtual manipulative group (M = 11.77,
SD = 3.74), a difference that was not statistically different. After instruction, the physical
manipulative group scored lower on the FMAI (M = 27.20, SD = 4.81) compared to the virtual
manipulative group (M = 27.56, SD = 5.81). Again, this difference was not statistically
significant.

Table 2
Comparison of the FMAI Scores Between Groups

Group M (SD) t df p
Pretest PM 12.16 (3.30) -0.51 85 .608
VM 11.77 (3.74)
Posttest PM 27.20 (4.81) 0.31 87 757

VM 27.56 (5.81)
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However, the results of paired samples #-tests specified that both the PM and VM groups’ post-
instruction FMAI scores were significantly higher than their pre-instruction FMALI scores (see
Table 3). There was an increase in the VM group’s FMAI scores from pre-instruction to post-
instruction (Mprepost = -15.79) and the pre-to-post difference was statically significant for the
VM group: #75 = -15.28, p < .001. The PM groups’ FMALI scores also increased from pre-
instruction to post-instruction (Mprepost = -15.04), a difference that was statically significant:
tsy=-17.05, p <.001. The increase in performances from pre-instruction to post-instruction
was little higher for the VM group than for the PM group. Effect sizes between the pre- and
the post-instruction FMAI scores were found to be 0.88 for the PM group and 0.85 for the VM
group, which exceeded Cohen’s (1988) convention for a large effect (d = 0.80).

Table 3
Comparison of the FMAI Scores Within groups

Group Measurement Mean Difference t df p
PM Pretest-posttest -15.04 -17.05* 76 .000
VM Pretest-posttest -15.79 -15.28* 75 .000

The worksheets used as for formative assessment enabled the researchers to compare student
understanding while they were working on the experiments and utilizing the manipulatives.
Table 4 presents the results of independent samples #-tests for the groups’ learning as assessed
by the worksheets.

Table 4
Comparison of Worksheet Scores Between the Groups

Subject Group M (SD) t df p

Linear Motion PM 1.08 (0.11) 1390 79 .000**
VM 1.53(0.17)

Acceleration and two- PM 1.56 (0.29) 258 51 013*

dimensional motion VM 1.69 (0.13)

Force and friction forces PM 1.42(0.15) 094 69 349
VM 1.46 (0.21)

Balanced forces and Newton’s PM 1.70 (0.23) -1.71 75 .092

first law VM 1.59 (0.35)

Newton’s second law PM 1.61 (0.26) 2.14 40 .038%*
VM 171 (0.11)

Newton’s third law 511\\/[/[ (1)2461 2822 24673 o16%

*p<.05, **p<.001

As shown in Table 4, the mean linear motion score on the rubric earned by the VM group (Myum
=1.53, 8D =0.17) was higher than the PM group (Mpy = 1.08, SD = 0.11). This difference was
statistically significant, #79)= 13.90, p <.001. The same situation occurred for acceleration and
two-dimensional motion. That is, the mean acceleration and two-dimensional motion score on
the rubric earned by the VM group (Myy = 1.69, SD = 0.13) was higher than the PM group
(Mpyvr= 1.56, SD = 0.29). This difference was statistically significant, #s1) = 2.58, p < .05.
Similarly, the mean Newton’s second law score on the rubric earned by the VM group (M=
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1.71, SD = 0.11) was higher than the PM group (Mpy= 1.61, SD = 0.26). This difference was
statistically significant, #40) =2.14, p <.05. Finally, the mean Newton’s third law score on the
rubric earned by the VM group (M= 1.24, SD = 0.47) was higher than the PM group (Mpu
=0.96, SD = 0.52). This difference was statistically significant, #73y= 2.46, p <.05.

Students in both groups studied linear motion by drawing position-time and velocity-time
graphs, which was covered during instruction. Whereas the VM group could draw graphs on
the simulations, the PM group collected data from the air track set and drew graphs on graph
papers. However, according to anecdotal observations, some students in the PM group wrote
time values on the vertical displacement axis instead of horizontal axis; hence, they did not
draw proper constant velocity-time graphs. As a result, they might not understand the meaning
of linear motion. While studying non-uniform motion, some students in the PM group could
not calculate the slope of the velocity-time graph correctly. In addition, they could not draw
the acceleration-time graph. This might be one of the reasons they could not conceptualize
what happened if the velocity of an object was not constant and the object was speeding up or
slowing down. As seen in Table 4, the mean rubric scores for the concept of acceleration were
higher than the mean scores for linear motion in both groups. After working on the graphs
during the application of the first worksheet, the students’ graph skills increased by the second
worksheet, resulting in more scientific graphs related to motion. Simulations that were used by
the students in the VM group provided visualizations for the concepts of acceleration and force.
This situation might have enabled students to acquire more knowledge of Newton’s Second
Law.

While students in the PM group were doing experiments and filling in the last worksheet about
Newton’s Third Law, two students connected two dynamometers to the glider improperly
(opposite directions). Then, one student held one dynamometer steady whereas another student
pulled the other dynamometer. They read the values on the dynamometers and recorded them,
repeating this experiment three times. One student measured forces of 1.5N, 1.0N, and 2.0N,
and the other student measured forces as 1.3N, 0.9N, and 1.8N respectively. Since the forces
were in opposite directions and the force values were different, some students got confused and
thought the glider had to move. Moreover, some students claimed that there was extra force
due to the object’s weight. Some students did not reset the dynamometer before starting to take
new measurement and some of them could not hold it properly. At the end, these students in
the PM group had difficulty making the inference that action and reaction forces are equal and
opposite forces that act on different objects. That is the PM might have generated a little
confusion and was not helpful for students to understand Newton’s third law. Additionally, the
students in the VM group did not encounter any measurement error while doing the
experiments because the simulations showed numerical values of the parameters they used.
Simulations provided students immediate feedback about the effect of the changes they made
(Olympiou & Zacharia, 2012). This might have allowed them to investigate cause-and-effect
relationships and answer questions in the worksheets more scientifically.

There was no statistical difference between the groups’ learning of force and friction during
instruction (Mpy = 1.42, SD = 0.15; Myy = 1.46, SD = 0.21). Students in both groups were
familiar with these concepts from the middle school science curriculum. As a result,
implementing these concepts by using virtual or physical manipulatives might not have made
a difference in their learning. From the dynamic transfer perspective, Schwartz et al. (2008)
explained this learning situation as conceivable extension, which does not have to constitute a
conceptual change alone. Although there was not a significant difference, the mean value of
the PM group was higher than the mean value of the VM group for the fourth worksheet, whose
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performance objective was related to Newton’s first law (Mpy = 1.70, SD = 0.23; Myy = 1.59,
SD =0.35). Experiencing inertia physically and concretely during the lab activities might make
it more plausible for students.

Informal observations revealed that the students in the PM group asked more questions to their
teacher in order to do the experiments. At times they could not grasp exactly what to do. Hatano
and Inagaki (1986) argued that if the risk attached to the performance of a procedure is minimal,
people are more inclined to experiment and adapt new ways of doing things. The students in
the PM group might have felt some distress while taking measurements and dealing with errors.
This situation might have prevented them from acquiring new knowledge easily. Nevertheless,
the students in the VM group could reach their goals after a few attempts within the simulations.
They seemed more curious and involved with the lessons. Since these students are Generation
Z learners and are more equipped with technology (Cilliers, 2017; Turner, 2015), they might
be more open to learning with virtual manipulatives. These reasons might help explain the
differences in the students’ performances as assessed by the worksheets.

Results of Students’ Attitude

Cronbach’s alpha values for the pre- and post-instruction APCS were 0.90 and 0.93
respectively, indicating high reliability. As presented in Table 5, the results of independent
samples #-tests showed there was no significant difference between the PM group’s attitude (M
= 49.09, SD = 9.70) and the VM group’s attitude towards physics (M = 47.57, SD = 9.89)
before the instruction. Furthermore, there was no significant difference between the groups’
attitude towards physics after the instruction (Mpy= 56.45, SD = 7.80 vs. Myy= 54.72, SD =
8.57).

On the other hand, the results of paired samples #-tests for the groups’ attitude towards physics
(see Table 6) revealed that both PM group (Mpapre-post = -7.36), tss)=-3.98, p <.001) and VM
group (Mvapre-pos: = -7.15), tgs) = -3.60, p < .001) significantly developed more positive
attitudes after they received instruction with manipulatives. Effect sizes between the pre- and
the post-instruction APCS scores were 0.38 for the PM group and 0.36 for the VM group. Both
values were above Cohen’s (1988) convention for a small effect (d = 0.20).

Table S
Comparison of APCS Scores Between Groups

Group M (SD) t df p
Pretest PM 49.09 (9.70) -0.73* 85 470
VM 47.57 (9.89)
Posttest PM 56.45 (7.80) -1.00* 88 320
VM 54.72 (8.57)
Table 6
Comparison of APCS Scores within Group
Group Measurement Mean Difference t df p
PM Pretest-posttest -7.36 -3.98%* 88 .000
VM Pretest-posttest -7.15 -3.60** 85 .000
**p <0.01
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Discussion

In this study, the aim was to compare the effects of using PM and VM within a guided inquiry
approach on student outcomes. Student outcomes were analyzed on two levels: knowledge
acquisition and attitude. The students worked with their peers during the experiments. Every
tool utilized in the VM group was virtual including books and the board. Conditions of dynamic
transfer of learning were tried to accomplish during the instruction by providing a learning
environment where the students expressed themselves and worked as groups and the instructor
observed them and used real-time assessment.

The comparisons made between the PM and VM groups as well as within each group in term
of the FMAI scores before and after instruction revealed student learning was the same
regardless of whether they were instructed with PM or VM. In other words, the students’
selection of scientific choices and their scientific explanations for the content and skill
questions on the FMAI were similar. These findings point out that the students’ learning of
force and motion concepts was elevated and they learned almost equally with either
manipulation. This result was in line with findings from other scholars (Darrah et al., 2014;
Jaakkola & Nurmi, 2008; Klahr et al., 2007; Triona & Klahr, 2003; Zacharia & Constantinou,
2008; Zacharia & Olympiou, 2011). However, the present study was the only study whose
participants were high school students learning about the subject of motion and force.

The students who were taught dynamics concepts by using virtual manipulatives understood
more concepts than the students who were taught dynamics concepts by using physical
manipulatives during the instruction. This result was similar with previous research
(Finkelstein et al., 2005; Husnaini & Chen, 2019) whose participants ranged from secondary
school students to undergraduate students and involved an inquiry-based context. However, the
findings divulged by Coramik (2012) and Marshall and Young (2006) contrast the results of
this study. In Coramik (2012)’s research, the participants did not do their experiments by
implementing inquiry-based approach. Therefore, his context was different from this study’s
context. The participants of Marshall and Young (2006), on the other hand, were not the
students, they were teachers. Therefore, different context and different group of participants
might result the inconsistency between this research and those.

Attitudes are tenacious over time (Hill, Atwater, & Wiggins, 1995; Koballa, 1988). Since the
participants were ninth graders and took physics for the first time, the eight-week duration was
enough for students in both groups to change their attitudes. Neither instruction supported with
VM or PM displayed superiority. They had the same influence on the students’ attitude toward
physics. This result was consistent with findings that have emerged from research done by
Taghavi and Colen (2009) who revealed that college students’ attitudes were similar with
regard to both simulated and physical laboratory instruction. The students’ attitudes towards
science increased no matter which manipulatives were used during the instruction.

Research implies that hands-on activities, cooperative learning, and student involvement in
learning had strong influences on attitude toward science (Zacharia, 2003). In addition, Lee et
al. (2020) stated that students who viewed experimental learning as achieving in-depth
understanding and who perceived that experiments were guided by clear rules were prone to
express a stronger sense of academic self-efficacy. The students in both groups worked in
groups and followed the instructions in the worksheets as a part of the inquiry approach while
they were learning. These might be the reasons that the students in the PM group as well as the
VM group developed more positive attitudes towards physics.
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Conclusions and Suggestions

Dynamic transfer can create conceptual change (diSessa & Wagner, 2005). Dynamic transfer
depends on the environment to support coordination because it is the product of a sequence of
interactions with a well-structured environment that may include tools, representations, other
people, and so forth (Schwartz et al., 2008). Guided participation is based on the belief that
students are active learners and the learning environment is integral to the learning process
(Rogoft, 2003).

This study concludes that use of PM and VM in inquiry-based science has the same effect on
students’ conceptual and procedural knowledge, as well as their attitude towards physics.
Interactions with the environment generate feedback and variability that can help students
shake free of their initial interpretations and extend their knowledge (Schwartz et al., 2008).
Learning environments including either VM or PM can facilitate conceptual change and
dynamic transfer related to motion and force concepts.

The second conclusion is that due to measurement errors, learning of students who deal with
physical experimentation is lower than learning of their peers who use virtual experimentation.
Differences between formative and summative assessment results revealed that students in PM
group may need time to internalize their understanding because they first resolved the problems
created by measurement errors. Furthermore, physical investigations leave students with some
irrelevant knowledge. Nonetheless, students in PM group were able to transfer their knowledge
and use their learning gains after the instruction. An environment including virtual technology
does not allow errors and this situation may maximize, as Greeno Moore and Smith (1993)
elucidate, the possibilities of students’ attunement to the affordances of tools. Experimenting
with VM helps students grasp the motion-force relationship and understand of graphs quickly.
Hence, VM can be implemented to provide authentic experiences (Steinberg, 2000) and
encourage learning. Finally, although researchers have tried to explain whether attitudes
influence learning or if learning influences attitudes (Zacharia, 2003), this study concludes that
attitude and learning may be developed in parallel because both increased at the end of the
instruction.

This study has several implications. The conclusions suggest that physical and virtual
manipulatives can be used for one another when inquiry-based learning is emphasized. It is
reasonable to assume that implementing virtual manipulatives has even more advantages on
learning in some conditions. This suggestion is important for the science education community,
especially regarding virtual schooling that came along with the recent global pandemic.
However, students need to learn how to do error analysis in order to experience science
phenomena in the real world; thus, using physical materials should not be abandoned. This
study adds to current science education literature by using virtual materials in one group and
demonstrating the effects of comparing virtual and physical materials on students’ attitude and
learning of motion and force concepts. Teachers might consider struggles and easiness that the
students came across while dealing with virtual and physical manipulatives during this study
and plan their teaching in a way that their students avoid the same struggles and experience the
same easiness. Researchers would conduct exploratory studies that examine how students learn
with the help of virtual and physical manipulatives.
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APPENDIX
Question 23

M
400

320

240

X (m)

160

80

N

t (h)

A car’s position-time graph is presented above. Please describe and explain the car’s motion in

two hour-time interval within 8 hours by using numerical values.

Fully compatible with scientific knowledge (3 points):

The car moved in uniform linear motion and displaced 160 km with 80 km/h velocity in the

first two hours. The car stopped and did not change its position for the time interval from 2

hours to 4 hours. The car started to move in uniform linear motion again with 80 km/h velocity

and displaced 160 km for the time interval from 4 hours to 6 hours. The car went back to its

first position by moving in opposite direction in uniform linear motion with 160 km/h velocity

and displaced 320 km.

Mostly compatible with scientific knowledge (2 points):

e Answers describing and explaining the car’s motion correctly in three time intervals or

e Answers describing the car’s whole motion correctly without using numbers (for example
the car moved in uniform linear motion in the first two hours but did not move for the next
two hours).

Partially compatible with scientific knowledge (1 point):

e Answers describing and explaining the car’s motion correctly in two or less time intervals
or

e  Answers describing the car’s some part of motion correctly without using numbers.

Nonscientific knowledge (0 point):

Answers that do not include any correct information about the car’s motion.

Question 29

Design an experiment to investigate the differences between static and kinetic friction forces.

Fully compatible with scientific knowledge (3 points):

Any experiment design that enables to measure and compare an object’s frictional force before

and after its motion

Mostly compatible with scientific knowledge (2 points):

Although there is a complete design, some measurements cannot be taken.

Partially compatible with scientific knowledge (1 point):

Design is incomplete and some measurements cannot be taken.

Nonscientific knowledge (0 point):

All the other circumstances that do not match with the answers above.
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Abstract

Career guidance in the era of life-long learning faces challenges related to building accessible
services that bridge education and employment services. So far, only limited research has been
conducted on using artificial intelligence to support guidance across higher education and
working life. This paper reports on development on using artificial intelligence to support and
further career guidance in higher education institutions. Results from focus groups, scenario
work and practical trials are presented, mapping requirements and possibilities for using
artificial intelligence in career guidance from the viewpoints of students, guidance staff and
institutions. The findings indicate potential value and functions as well as drivers and barriers
for adopting artificial intelligence in career guidance to support higher education and life-long
learning. The authors conceptualize different modes of agency and maturity levels for the
involvement of artificial intelligence in guidance processes based on the results. Recommended
future research topics in the area of artificially enhanced guidance services include agency in
guidance interaction, developing guidance data ecosystem and ethical issues.

Keywords: agency, artificial intelligence, career guidance, data, ethics, higher education
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Wide-ranging and dynamic changes in working life have increased the dynamism of the labour
market and transformed attitudes towards careers. There is a rising demand for learning across
all education levels and age groups. This poses novel challenges for career guidance services
at higher education institutions.

The focus on continuous learning highlights the need for lifelong career guidance (Toni &
Vuorinen, 2020). In Finland, a national strategy for lifelong guidance positions career guidance
to support individuals to be able to recognize their skills and mirror them with not only the
opportunities and needs of the labour market, but also the opportunities to develop their
competence (Strategy for Lifelong Guidance, 2020). This enables individuals to make
meaningful plans and decisions relating to education and career paths. The expectation is that
investment in guidance services can reduce dropouts, enhance completions of degrees and
speed up transitions to labour market. Innovative lifelong career guidance practices can support
these through upskilling and reskilling competencies and by enhancing career adaptability
(Barnes et al., 2020).

Growing demands exist on the delivery and development of services for career guidance,
extending the expected uses and broadening the scope of services. Various actors within the
educational system, labour market as well as the social and health sector provide career
guidance. As needs for guidance grow it is necessary for them to utilize digital services to save
resources as well as increase value to career guidance (Toni & Vuorinen, 2020). Smart
technologies can play a role in supporting both guidance practitioners and lifelong learners.

This article addresses supporting career guidance through novel technology. A multiple
methods study is reported on the adoption of artificial intelligence (Al) for enhancing career
guidance services in higher education. Requirements and opportunities for guidance
interventions through intelligent technologies are analysed based on results from focus groups,
scenario work and practical trials. Based on these, further research directions are
recommended, including the effects to agency, emerging career information environment and
maturity levels for leveraging Al in career guidance.

Literature Review

Guidance, Career Guidance and Lifelong Guidance

Guidance aims to support individuals building their own life paths by enhancing their ability
to use their own capabilities and resources (Peavy, 2000). Guidance covers a range of
individual and collective activities relating to information delivery, counselling, competence
assessment, support, and teaching decision-making and career management skills (Council of
the European Union, 2008).

Career guidance refers to services and activities intended to assist individuals, of any age and
at any point in their lives, to make educational, training and occupational choices and to manage
their careers (OECD, 2004). Within this definition, both individual and group guidance
activities are included. The services range from information provision, to self-assessment and
on to counselling with professional guidance staff. In recent years, the focus of career guidance
has turned to needs for reskilling and upskilling within continuous education (Toni & Vuorinen
2020).
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Agency in Guidance

Guidance aims to support the agency of the students. Agency is necessary and needed for
students in the learning process, constructing knowledge and engaging in collaborative
practices (Jadskeld et al., 2020). Agency as a concept comprises activity to prioritize, choose,
and consider what is important and worth aspiring for and make decisions on one’s professional
identity and life (Eteldpelto et al., 2013).

Bandura (2001) describes three modes of agency: personal agency, proxy agency and collective
agency. Personal agency is the direct mode of agency, exercised by the individual. Proxy
agency consists of relying on others in acting and relying on other persons’ resources and
knowledge. Collective agency is constructed in groups through shared, collective acts.

In education these modes of agency have been modelled in pedagogical learning agents (Kim
& Baylor, 2006), where such agents proved useful for modelling the social-cognitive
perspectives of human and technological agents. Jadskeld et al. (2020) have also utilized the
agency construct in investigating the use of learning analytics in the construction of agency.

Technology in Guidance

Digital tools can provide individuals with novel opportunities to access guidance any time or
place as well as expanding the range of services offered. The potential benefits of using
technology in career guidance include improved accessibility, increased access to information,
assessment, and networks as well as lowered overall costs and improved cost-effectiveness
(Sampson et al., 2020). The ongoing pandemic has increased the need for distance and digital
services for guidance (Cedefop et al., 2020).

Guidance staff have traditionally used technology in three ways, providing: 1) learning and
career information supporting career building, 2) automated interaction like career
assessments, simulations or games and 3) choices of communication (Hooley et al., 2015). The
development of integrated or blended guidance — guidance via digital means — requires
guidance professionals and service designers to plan what technologies to use and how (Bakke
et al., 2018).

The integration of new and emerging technologies into guidance services depends not only on
the users’ skills or technical solutions, but also on the willingness of guidance organizations
and professionals to adapt (Kettunen & Sampson, 2019). The extent to which technology is
integrated into guidance practices varies based on the capacity and technological orientation of
staff (Kettunen et al., 2013).

Al in Education and in Guidance

In this study, artificial intelligence is defined as intelligent agents that receive percepts from
the environment and take actions that affect that environment, following the definition by
Russell and Norvig (2016). These agents can mimic cognitive functions such as learning,
understanding, reasoning and problem solving.

The uses of Al in education have been developing for decades. Moreno-Guerrero et al. (2020)
describe the trends in the study of Al in education between 1956 and 2019 based on a
bibliometric analysis, concluding that while early studies centred more on technological
process, more recent investigations focus on the development of Al as situated in pedagogical
process.

46



IAFOR Journal of Education: Technology in Education Volume 9 — Issue 4 — 2021

The recent advances in Al are expected to have profound impacts on future labour markets and
competence requirements, as well as enabling new ways of learning and teaching (Tuomi,
2018). According to research and review studies (e.g. Khare et al., 2018; Martiniello et al.,
2020; Zawacki-Richert et al., 2019), Al can be used in education to support various functions
such as student self-regulation, motivation and well-being, personalized learning support and
feedback, learning process support, assessment and evaluation, profiling and prediction,
usability and accessibility, resourcing, and competence management.

There exist few studies on the affordances of Al in career guidance. Khare et al. (2018)
investigated the effect of artificial intelligence on the student experience, including support
throughout students’ studies. They concluded that Al can positively influence students and
organizations, structures, processes and people that make up educational systems. While Khare
et al. do not explicitly situate their study within guidance, the practical examples along the
student lifecycle support the reflection on skills and learning opportunities and transitioning to
working life, which comprise major functions of career guidance.

Digital services are at the core of education services for the future. However, technology does
not serve only a utilitarian role in education. Al and education have a manifold relationship
(Attwell et al., 2020; Roll & Wylie, 2016; European Commission, 2019). First, Al-related
competences should be built up in education as they are required for future work environments
where Al is utilized. Second, Al-based technology may be utilised in learning and teaching
processes, integrated into existing learning environments, or by leveraging intelligent
environments for educational purposes. Third, Al should also be further developed for the
purposes of education.

When artificial intelligence technology is used in guidance interaction, it may also change or
moderate the creation of agency. Agerfalk (2020) posits digital agency as the capability of
machines to act autonomously, but on behalf of humans, organisations and institutions. The
impact of Al on digital career guidance practices could thus be further studied through agency.

Method

Framework and Research Questions

This article contributes to the body of work on digital technologies, namely artificial
intelligence, in career guidance, education and lifelong learning. This study was conducted
using the theoretical framework of socio-cognitive agency and its extensions to human-
technology interaction.

The following research questions were posed:

e What requirements for using artificial intelligence in career guidance are identified by
students and staff?
e What possibilities exist for using artificial intelligence in career guidance?

Methodological Approach

The study employed a multiple methods approach. Complementary methods were used seeking
elaboration, enhancement, and clarification of the results obtained via one method with the
results from other methods (Greene, 2007). Following a convergent parallel design, the
different strands of the research were performed independently, with results brought together
in the overall interpretation (Creswell & Plano Clark, 2011).
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Research ethics practices of the participating universities were followed and necessary permits
obtained from individual informants. Participants were recruited via advertisements from
students and staff of participating organizations, representing potential users. For scenario
workshops, public events and snowball sampling were also used. Participants gave permissions
to use their personal data in trials. Privacy notices were issued according to the EU General
Data Protection Regulation.

Focus groups. Seven focus group sessions on the use of Al in career guidance were run
dedicated to either higher education students (total 11 persons) or guidance staff (14 persons).
Discussions were facilitated on ideal guidance situations, use of technology to support
guidance, and development needs in guidance services. Thematic analysis was conducted on
qualitative researcher notes from focus groups.

Scenario work. Scenarios or design fictions (Cox et al., 2021) were co-created as narratives
encapsulating possible futures where Al is used to support student guidance. Seven scenario
workshops were organized with higher education and vocational education guidance staff
(n=333). An iterative design process was employed, where the scenarios were gradually
refined. First, workshop discussions were used to form initial scenario narratives. Feedback
was gathered in subsequent co-design workshops based on which the scenarios were then
elaborated. The scenarios serve as the output of the research as well as being used as part of a
process of raising awareness (Tsekleves et al., 2017) on AL

Trials. Two sets of practical trials were conducted utilizing Al in guidance services. Al
applications were developed based on previous surveys at the institutions to support 1) course
recommendations 2) job recommendations and 3) skills profile creation. Higher education
students (n=179) and vocational education students (n=103) participated in the development
and trials in their institutions, giving input via hackathons, design jams, workshops and
qualitative user testing organized. Surveys requested feedback on the first trial and qualitative
feedback was gathered for both trials. Trials utilized personal data of the students, curriculum
data, national qualification data and job ads from various public and commercial web portals.
The applications combined machine learning and data mining techniques with existing
commercial mobile student services and Al components.

Findings

Requirements for Al in Career Guidance

In focus groups, artificial intelligence solutions were envisioned to support students in studies
and career planning but also in self-management. Students welcomed the use of Al in career
guidance. They emphasized the importance of accessible and timely guidance, whether
delivered by Al or humans. Al was seen to have a role via detecting weak signals and
potentially giving a “nudge” towards guidance interventions before either the student or staff
would know to act.

Students described that any Al-enabled process should be part of everyday learning activities,
not a separate application. Students brought up needs to manage their schedules and workloads,
and to find suitable study methods. Students described needs for better communication and
feedback with teachers and students. Students also mentioned the importance of peer support
and discussed the potential role of Al in mediating this.
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Students envisioned that artificial intelligence could support them in recognising their strengths
and weaknesses, enabling their development. They wanted to use Al to compare their skills to
the competence requirements of specific fields or positions, as well as general working life
competences. They saw potential in Al applications that propose studies, thesis topics, work
placements and jobs based on skills, experiences and interests. Staff envisioned a role for Al
in recognition and accreditation of prior learning as well as predicting future competence needs.
Staff discussed the competence or skill data used by Al. They recognized that while various
data sources already exist, these are not necessarily available for students. Collating this data
via Al would enable students to have a more active role in their own learning and career
planning.

Guidance staff saw artificial intelligence in a supporting role to their work, balancing out the
benefits and risks of incorporating technology into the guidance process. Staff hoped that Al
applications could assist them in routine administrative tasks and relying information. This
would free up time which they felt would be better used interacting with students in order to
create relationships and build trust, and to engage in case management.

Staff also recognised that Al technology could replace human effort in some areas, changing
their role and tasks. Staff cautiously welcomed this, with the expectation that the utilization of
Al would enable them to allocate time to tasks where human interaction is needed. “Human
touch” was considered valuable for finding opportunities, supporting decisions, detecting silent
signals, interpreting affective states, motivating and encouraging, creating a safe atmosphere
as well as relaying empathy and hope. Staff described these from the viewpoint of the skills
needed while students described preferring human counsellors in these situations.

Finding, accessing and relaying information on for example curricula and schedules was
considered difficult and time-consuming. Students and staff envisioned that Al could assist in
delivering the right information at the right time. They described a proactive process, extending
to information not yet needed to be known. Students and staff envisioned that Al would advise
to book a guidance session when needed, supporting case management. This would enable staff
to “triage” cases, taking action more quickly when needed. Staff stressed the significance of
designing how to determine the urgency and importance of issues. Both students and staff
hoped Al would aid in detecting and visualizing study progress based on the activity and
performance data generated on online learning platforms and other digital services.

Scenarios for Future of Al for Career Guidance

Scenarios encapsulated the potential roles of Al in career guidance into narratives. The
scenarios were linked to various phases along the study path, from initial application to studies,
across studies and transition to employment, and linked to competence development within the
continuous learning paradigm. The working of intelligent technology was described both from
the viewpoints of student and staff as well as describing implications for the higher education
institutions at large.

The following were the most elaborated among the resulting twenty-one scenarios:
- Supporting career planning: supporting decision making throughout career, promoting
available career services based on situational information

- Enhancing interaction in counselling: matching students and counsellors, collating
previous guidance discussions to a knowledge base
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- Recognizing and verbalizing existing skills: creating a competence portfolio,
recognizing generic competences from work experience

- Comparing competences to goals and needs from working life: offering self-
assessment tools for competence mapping, inferring competence gaps based on
profile data

- Anticipating guidance needs and case management: collating information on the
student for staff to see at a glance, prioritizing tasks for staff

- Recognizing networks: enabling access to up-to-date information sources on career
services, leveraging existing contacts for employment opportunities

In scenarios, staff envisioned services they could use as aids when delivering guidance
interventions, such as automated Q&A solutions, scheduling aids and analytics dashboards.
For analytics, early warning detection systems were planned, but also systems that would
highlight student successes. Staff indicated that they would like to collaborate on Al-enabled
platforms, sharing information between guidance professionals.

For their students, staff described potential Al assistants for fact checking information online
in social media and for recognizing skills via self-reflection. When discussing the potential of
Al for student use, staff assumed that it might depend on the individuals and their career
planning needs and capabilities.

Staff included mentions of the information and services available and necessary for
implementing the scenario. The scenarios raised concerns linked to student privacy (personal
data access, sensitive data) and the potential to enhance existing bad practices or biases.
Questions were raised about data quality, both regarding the data available for Al and the Al
outputs. The threat of being replaced by Al was voiced, accompanied by arguments on the
irreplaceability of human effort in guidance. Staff expected Al to “outperform” them in
consistency of interventions and recognizing underlying patterns in data and interactions. The
necessary competences in organizations for acquiring, developing and running Al-enabled
services were a concern.

Practical Trials of Al in Career Guidance

The first practical trial was conducted with an Al-enabled application that recommended
courses and employment based on student’s current study records and enrolment information.
Information about available jobs and work placements came from a public database of
employment offices. Notifications were sent via a mobile student app at their institution.

Giving feedback on the trial, students reacted positively to the idea of receiving suggestions
and assistance (“I have so far only received one set of recommendations. They were
appropriate, encouraging and rather timely”). They gave positive feedback on receiving
information on the advancement of their studies (“it was encouraging to see that my studies are
progressing, as [ want to graduate soon’), sometimes linked to their wellbeing (“it was nice to
get a message reminding me to also take rest”).

Students appreciated the features of the app but found the accuracy of the Al-powered
suggestions lacking. The usefulness of the app was rated at a median of 6 (out of 10, n=101)
in an online survey a month into the trial. Out of the 63 students who responded they had
received course suggestions 56% indicated that these courses were relevant to them. Some
however noted that they were already attending the recommended courses. Lack of relevance
was attributed to, for example, location (“I cannot take this course as distance learning”),
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schedule (“the courses might be interesting but do not currently fit my schedule”) or study field
(“the suggestions are not within my major Tourism and service business, but in the field of
health care”). Out of the 82 students who responded they had received job suggestions 62%
indicated that these jobs were not relevant to them. Lack of relevance was attributed to, for
example, location (“of course the Al does not know that I do not live in Finland”), field of work
(“I am not interested in work in financial administration™) or career stage (“jobs available were
not for beginners”).

Students wished both the information used and the delivery of the messages would be
developed into more personalized direction. Students were curious to understand why certain
courses or jobs were suggested and how they could provide more information for the Al on for
example interests not (yet) reflected in their study or career data. Students expressed frustration
when receiving multiple similar messages on the advancement of their studies, requesting more
varied communication and frequently updating information.

Students hoped that they could utilize services like these when enrolment was timely and that
the offering would also cover continuous education opportunities. They asked for practical
features for setting up reminders and receiving study technique tips. Students envisaged that
Al would mine and manage “important information” from online learning platforms,
portfolios, personal email and student services serving to collate their data, enable them to
control deadlines and locate appropriate services. Possible social features arose during the co-
design process and via feedback, supporting networking with other students, building
communality and keeping in touch with students and staff. Students recommended giving the
Al “some personality”— selecting a random persona was suggested to make it more
approachable. There were ideas to increase engagement and playfulness of the interaction,
visualizing achievements and encouraging progress.

The second trial was conducted with a web application that utilized labour market information
from commercial sources and made use of skills data more extensively. Before courses or jobs
were recommended, students in two groups (n =5 & n = 3) created their personal competence
profile by compiling documents (e.g. CV) and inputting skills terms via a dedicated user
interface. This resulted in a skills profile students could update when browsing courses or job
ads, further refining the matches. The idea was to make the skills profile explicit, increase the
visibility of the underlying matching, and enable more accurate matching.

Qualitative feedback indicates that students experienced value in verbalizing their skills and
searching job ads and courses via the application. In addition to personal profiles, users
experimented with creating general skills profiles for common professions in their domain, for
example, sales, accounting, human resources, project management. Junior students in
particular explained they are not familiar with the skills requirements of certain jobs and
appreciated having a tool to explore these.

Discussion

Role of Al in Career Guidance

In focus groups, students and staff envisioned similar roles for the Al in information delivery,
case management and intelligent analytics. Students tended to form concrete service ideas and
describe interactions with the Al tool. Students cast Al into roles that ranged from discovery
tool to pedagogical companion in their education, extending the uses to self-management tasks
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(Sampson et al., 2003). Staff described Al-enabled guidance processes where the Al was an
assistant to staff, rather than directly to the student.

Scenarios prompted guidance professionals to conceptualize (Tsekleves et al., 2017) new
career services, where Al could be leveraged for the benefit of the student, staff and institutions.
Staff even named these services and described what functionalities they should have, what data
they would run on and how they would be used. When discussing the potential of Al, staff
estimated that would depend on the student and their needs. References were made to matching
the type and level of guidance to individual needs and types of students (Sampson et al., 2003).

Staff raised discussion about the respective roles of humans and Al. They voiced concerns,
stressing the importance and role of human interventions even when facilitated by the Al
process. This might reflect cautionary attitudes towards new technology and the need to
mediate the interaction of students with technology. Participants envisioned a career guidance
process where human and artificial effort and competences would be combined, similarly to
Khare et al. (2018) who argue for a synergistic integration of human and Al support for student
success. In addition to maximizing benefits, an integrated approach also moderates the risks of
technology use (Fusco et al., 2020).

By Bandura’s (2006) criteria, Al is not an agent as it lacks moral agency. However, the concept
of proxy agency can be employed for the joint agency that users and tools possess (Neff &
Nagy, 2018). This is indeed how participants described the process of developing and using
Al-powered tools in guidance: extending their own competences and resources with the tools,
wanting to “outsource” or “delegate” tasks to their envisioned Al collaborators capable in
information retrieval, optimization, and visualization.

The construction of agency in Al-enabled guidance can be seen as an interactive process where
agency can manifest via multiple modes. Table 1 details the potential role of Al in guidance on
a continuum, giving examples from the study. The role of AI moves along a continuum from
tool to assistant, then collaborator and eventually to coach (Kantharaju et al., 2018). This
echoes the reality-virtuality continuum posited by Milgram and Kishino (1994) and the concept
of augmenting human capabilities with technology (Raisamo et al., 2019).

The agency construed along the continuum expands from direct personal agency exercised with
the aid of Al to proxy agency mediated through the Al to collective agency created together
with Al and possibly even the type of symbiotic or artificial agency. Symbiotic agency is
agency constructed within the human-technology interaction, where technology mediates
human experiences, perceptions and behaviour, and human agency affects the uses of
technology (Neff & Nagy, 2018). Kuijer and Giaccardi (2019) argue that conceptions of
“artificial agency” should not focus on autonomy but the process of learning, situated and
sustained in interaction. In both these constructs and along the agency continuum, the
respective roles of human and machine adapt in interaction to perform optimally together.

Leveraging Al in career services may affect existing structures. Further study on the effect of
Al-enabled interventions on the construction and mediation of agency in guidance is necessary
in order to develop services that leverage the affordances of students, staff and technology. The
construction and modes of agency should be made visible as this would further students’ self-
reflection and self-regulation as well as the development of guidance practices (Jaéskeld et al.,
2020).

52



IAFOR Journal of Education: Technology in Education

Table 1

Modes of Al in Career Guidance

Volume 9 — Issue 4 — 2021

Mode Role of Al Role of Examples from study Agency
human
Al as coach | Al acts as an Human Virtual career coach Symbiotic/
interactive guides the mentors students throughout | Artificial
virtual career development | life on career and education
coach with its of Al and choices. Personal learning
goal, developing | data aid proposes competence
career guidance | environment | development methods based
practices and on previous performance
processes and preferences.
Al as Al learns and Human Virtual online counsellor Collective
collaborator | performs career | works delivers 24/7 guidance
guidance together with | alongside staff. Automated
practices in real- | Al teaching | weak signals detection
time together it and combines with staff
with staff fora | validating its | interventions for dropout
shared goal working prevention.
regularly
Al as Al assists Human Virtual assistant schedules Proxy
assistant humans in their | assigns tasks | meetings as needed between
career guidance | to Al and students and staff. Smart
practices in accepts its calendar app creates a study
chosen areas results by schedule based on
with well- case enrolments and personal
defined goals preferences.
Al as tool Al is used by Human uses | Discovery tool maps ads Personal
humans in Al-based against a fixed skills profile
career guidance | tools and for job recommendations.
practices in brings Dashboard collates labour
singular tasks context to its | market data for analysing
with set goals results future competence
requirements for
redesigning curricula.

Expectations for Al in Career Guidance
Results from the trials reflect requirements for Al in career guidance. Students expected
personalized suggestions according to location, interests, and schedule. This reflects student-
centred guidance but also overall expectations towards digital services and underlying personal
data. Across trials the need for a holistic learner profile became evident, ranging beyond
education into personal information (e.g., interests) and informal learning (e.g., hobbies).

Al-enabled guidance services were considered inherently more accessible due to digital
delivery. It was noted that their utilization requires digital devices and competences. This
creates a potential conflict if students are unable to benefit from digital services, expected to
enhance accessibility in temporal and spatial aspects. In order to account for accessibility, we
need to pay attention to factors in the socio-technical system design, underlying algorithms and
the interplay between automated and human actions (Holmes et al., 2021).
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In focus groups and scenarios Al was expected to analyse vast amounts of data, mine patterns
and enable proactive interventions. The trials delivered straightforward suggestions as
decision-making aids but more holistic career information “wizards” were envisioned that
follow student progress over longer periods. Students experimented with creating future skills
profiles for professions, which could be useful for guidance staff in communicating
requirements of career options.

Staff expected Al to enable them to redirect resources to more complex cases (Martiniello et
al., 2020) and students benefitting from personal guidance (Sampson et al, 2003). Staff stressed
the need for human connection for encounters and communication in career services, arguing
for a strategic combination of human and artificial effort. Such an integrated approach (Hooley
et al., 2015) could combine benefits from various technologies and moderate risks. It should
be further investigated what are the areas of guidance where Al could bring most added value
and how value is co-created in guidance interaction with humans and technology.

Al was seen also as a tool for guidance staff. This type of adoption could facilitate the rollout
of new technology and enable development of Al-enabled services without immediate
disruptions for students. Supporting staff collaboration was also a potential application of Al,
echoing co-careering conceptualized by Kettunen et al. (2013) in the use of social media.

Staff wanted to clarify the responsibilities regarding Al stressing trust and transparency within
the guidance process. It was not obvious under what domain this might fall. In other words, Al
in guidance might be a pedagogical (teachers), digital (IT department), or even a management
(leadership) issue. This connects to the finding that the role of Al in career guidance is seen
dual-fold (to support the student and to support the staff supporting the student) and that the
respective roles of guidance staff and Al are diverse (staff in the foreground and Al in the
background or vice versa).

Utilizing technology in guidance places novel demands on staff competences and attitudes
towards technology. The particular competence requirements arising from Al have yet to be
studied. Competences are required not only to use the tools in providing guidance but also for
developing the services. When dealing with Al, competence for developing services would
include both developing teaching data sets as well as validating the Al models. These comply
with Sampson et al.’s (2020) suggestions that guidance staff should actively participate in the
design, use, and evaluation of technological interventions. This evaluation should be holistic,
covering the integration of Al into the process and goals of guidance in order to avoid problems
and maximize the effectiveness of services.

Data for Al in Guidance

Al was described as an enabler for extending the career guidance information environment and
collating data for guidance. Currently the largest bottleneck in leveraging Al technologies in
education is a lack of data, especially domain-specific data (Tuomi, 2018). Intelligent tools can
be useful in career guidance only if we have meaningful data for them to process. In trials the
lack of location and scheduling information rendered Al-powered suggestions of studies or
employment irrelevant. Data are needed first for initially training the systems, and then in a
continuous and dynamic manner for delivering services. The data used to train future Al
models will also shape future services.

New technologies channel greater amounts of information to individuals (Bakke et al., 2018).
Further research is needed on which data are useful for the goals of career guidance. Models
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and solutions on data sharing across institutions should also be developed as existing data
mostly covers formal learning within a single institution. Career guidance extends this into
highly dynamic labour market information. Ensuring access and interoperability in the various
information sources should be a priority.

Participants referred to various information relevant to career guidance. Figure 1 categorizes
these into overlapping personal, career and education information. In continuous guidance,
learners should be able to control their own data, submitting it to the platforms and service
providers they use for developing competences and accessing career services. This type of
“MyData” approach to competence and career information would support learners’ agency.
Shared data would enable service providers to develop and deliver services accessible
throughout an individual’s education and work life, not only tied to a specific enrolment or
employment.

Figure 1
Career Guidance Information Environment

Ethics and Risks for Al in Career Guidance

The interaction with Al scenarios expectedly (Tsekleves et al., 2017) prompted guidance
professionals also to identify a number of unwanted and negative consequences of the service
concepts described by them and their colleagues. The risks of overusing or misusing Al (Floridi
et al., 2018) were present in these comments. None of the participants raised concern over
potential underuse, which results in opportunity costs as the benefits offered by technology
would not be realised (Floridi et al., 2018).
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The concerns raised by staff related to issues of quality, control, changing roles, confidentiality,
privacy and equality in career guidance services as well as necessary competences and
resources for providing the Al-enabled services. Students made less explicit remarks about
ethical issues. When faced with Al-powered suggestions in trials, student feedback included
questions about the data used and how the algorithms work, reflecting a need for transparency.

Recently, policy efforts have been directed towards sustainable development and risks
associated with Al in the education domain (Pedr¢ et al., 2019; European Commission, 2021).
These do not yet address the specific dynamics and potential of Al in career guidance. The
recent Al ethics guidelines by the European commission (n.d.) may serve as a basis for
elaborating shared guidelines for Al developers and guidance staff.

Methodological Issues and Implications

The convergent parallel multimethod approach aided in clarifying and enriching findings
across methods. The focus groups served to mine existing user needs, scenarios extended them
further into possible futures and trials provided a space to experiment on specific
implementations. The contribution of various methods, including creative ones, was beneficial
to the study on the role of AIl. Research on human-technology interaction should be
multidisciplinary, involving viewpoints and methodology from such varied fields as education,
cognitive psychology, human-computer interaction, artificial intelligence, social psychology,
and communications (Kim & Baylor, 2006).

The limitations of this study include biases in the participating groups and context-specificity
in the national environment. The case studies relied on volunteers, which may bias participants
towards technology enthusiasts. Care was taken to ensure multiple ways of engagement in
workshops (voice, chat and anonymous commenting) to enable wide participation. Student age
varied but most (86%) were in their first or second year of studies during trials. Wider trials
are planned for advanced application.

Finland has a harmonised and effective education system, considered one of the most
successful in the world (Laukkanen, 2007). The existing infrastructure made it possible to
utilize certain data sources in trials, which may be unavailable elsewhere. The Al applications
built for this study were mature but not cutting-edge technology. They were in Finnish for
usability. There are known issues in Finnish language models for Al, caused by compound
words and suffixes. Further training of the model and work on cross-language interoperability
is needed.

The findings of this study can be applied when planning and designing technology-assisted
career guidance services, as well as monitoring the uptake and results of Al interventions. The
authors apply the maturity model of Saari et al. (2018) to the use of Al into career guidance,
mapping out maturity levels in organizations (Table 2). This model supports planning of
intelligent technology use and its continuous assessment. The development should tie into the
digitalization strategies in higher education as well as artificial intelligence roadmaps.

Conclusion
The current technological advances and their implications for society pose a manifold

challenge for education. There is a need to prepare students, staff and organizations for Al-
enabled education, as well as to develop Al to better understand the education domain.
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This study investigated the possibilities and requirements for using Al in career guidance,
including mapping out future research considerations. Technology is not simply a tool in
guidance, as it has the potential to extend and transform services and practices. Al can serve
students and staff in the various modes within career guidance services, depending on user

needs, staff competences and organizational capability for leveraging technology.

Table 2
Al Maturity in Career Guidance
Maturity Data Technology Processes Services Competences
level
Al-trans- | A holistic Interactive Al | Human—AlI Al scaled Active
formed structured used cooperation | into career | contribution
guidance | data seamlessly in | in career guidance, by
ecosystem of | career guidance is creating organization
external and | guidance planned and | measurable |to Al
internal practice daily value applications in
information career
in real time guidance
Al- Data Real-time Al | Al integrated | Alis an Networked Al
integrated | management | models into career integral part | team
guidance | designed for | utilized for guidance at a | of career cooperates
Al and various process level | guidance with external
integrated career services stakeholders
into guidance | guidance and reports to
processes at | activities management
organization
level
Al- Valid data Separate Automation | A roadmap | Al experts
informed | available ina | tools for Al enhanced for Al in work as a
guidance | structured utilized in with Al in career team, bridging
format in career individual guidance guidance with
discrete guidance use cases exists, and | other
subdomains | tasks in batch | within career | standalone | processes such
mode guidance implementat | as research
ions are
initiated
Al-aware | Career Traditional Al User needs | Individual
guidance | guidance data | analytics opportunities | for Al in resources and
legally tools used in | identified career competences
validated for | career from career guidance for Al exist or
use in Al guidance guidance surveyed are available
processes and through
evaluated partnerships

The authors have provided suggestions for the use of Al in career guidance processes.
Artificially augmented guidance is already becoming technologically accessible. However, the
visions in this article remain largely unrealized or of low maturity. Further research and
development are needed to develop Al-related competences, design Al career guidance
solutions that add value to student and staff, integrate Al into guidance processes and roles
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sustainably, enrich career data ecosystems, and ensure trustworthiness of artificial intelligence
technology.
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Abstract

Information about the overall documentary filmmaking process is available; however, there is
a lack of literature and educational resources about how to conduct subject research and data
collection. As documentary filmmaking becomes an increasingly democratic endeavor due to
technology, and information distribution and education use increases, there is a corresponding
need for quality resources to support this essential step. In this study, a content-rich,
technology-enhanced, online instructional module that was designed and developed in another
study to guide and assist beginner documentary filmmakers with subject research and data
collection, was implemented and evaluated by the target audience. This module featured five
filmmaking tips summarizing professional documentary filmmakers’ wisdom and expertise
with subject research and data collection. Motivational and instructional models served as
frameworks to inform and guide the study’s learning design process. The quantitative and
qualitative findings, field notes and observations provided data triangulation. After analysis
and interpretation were completed, the results significantly confirmed the module had a
positive, educational impact on the target audience and accomplished its purpose. This module
addressed the lack of resources and utilized consultation of experts in content design and
development to improve the creativity and production of beginner documentary filmmakers.
This project successfully merged learning sciences theory and instructional design with
humanities and arts research. It will contribute to the literature of documentary film research
studies, the fields of instructional design and education, and the humanities. It has significant
potential to influence and impact the broad possibilities of innovative, interdisciplinary
research design and collaboration.

Keywords: instructional design and content development, documentary filmmaking, research

and data collection, documentary film instructional module, ADDIE design model, ARCS
motivational design concepts
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The documentary film genre is a dynamic and effective information and communication
medium that educates, inspires, and motivates its audience. It is a nonfictional documentation
of fact-based reality, and its purpose is to share knowledge, increase understanding, or preserve
historical records. Aufderheide (2007) defines a documentary as a film or video that “tells a
story about real life, with claims to truthfulness” (p. 2). Documentary film’s increasing
utilization in educational settings, as well as its advantages in distributing information to
extensive audiences, is well-timed with the field’s technological advances. What was an
expensive undertaking can now be created with inexpensive equipment and software
applications (Loustaunau & Shaw, 2018; Winston, Vanstone & Chi, 2017). Democratizing the
industry allows more people, from diverse populations, to tell meaningful stories globally via
documentary film.

Although information about the overall process is available, literature on the research and data
collection step of documentary filmmaking, which is essential to the production process, is
limited. There is a lack of information and quality educational resources about #ow to conduct
subject research and collect data for documentary film in either scholarly or popular sources
(Adorama Learning Center, 2018; Desktop Documentaries, 2018). This is a disadvantage for
many beginners and students exploring documentary film production who might not know how
to begin subject research and data collection for documentary film. There is a clear need for
informative and user-friendly educational resources to fill this gap.

An educational resource about subject research and data collection, generated from the
knowledge and experiences of professional filmmakers, would be extremely helpful to student
filmmakers. Receiving a head start in the challenging filmmaking process, beginner filmmakers
could share their important stories with the world more quickly and with improved creativity
and production. This expert guidance would not only benefit beginner filmmakers, but also
audiences and society at large (Leavy, 2015; Loustaunau & Shaw, 2018). An increased
availability of timely documentaries would give audiences expanded learning opportunities.

Thus, this study’s purpose was to implement and evaluate the educational value of an existing
resource about subject research and data collection for documentary film, one that was
designed and developed in another study (Iwasaki, 2021; Iwasaki, in progress). This content-
rich, online, interactive instructional module, titled Five Tips from Filmmakers for
Documentary Film Research and Data Collection, is presented on a website. The five tips
featured the wisdom and recommendations of professional filmmakers from actual filmmaking
experience. The module utilized technology and consultation of experts in content design and
development to support and improve the overall learning, creativity and production of student
filmmakers. This article is comprised of the following sections: literature review, methodology,
results, discussion and conclusion, and references.

Literature Review

Steps to a Documentary

Generally, traditional documentary film takes a highly subjective approach. The filmmaker
directs the entire process, from subject selection and research, to creative approaches (Bell,
2011; Friend & Caruthers, 2016). Filmmakers claim it is an extremely rewarding experience,
but also one of the most challenging and demanding creative endeavors. It is often a long and
arduous process with many steps including budgeting, planning, script writing, production,
editing and distribution. Since information or instruction is limited or undocumented, and
producing documentary films can be such a creative, artistic process, many filmmakers learn
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by intuitively moving the project to completion (Adorama Learning Center, 2018; Desktop
Documentaries, 2018).

The first step in creating a documentary film is to find a subject that is important to the
filmmaker and is of interest to others. Since the documentary journey is often daunting and
complicated, the subject needs to both energize and sustain the filmmaker for the lengthy work,
and the filmmaker needs to feel compelled to share the story through film.

The second step is “research and data collection,” an essential task to find resources and
conduct interviews that includes background, history and context of the subject, as well as the
interesting, credible, emotional and inspiring material that will resonate with the audience. This
step is crucial because it determines the content of the film (Aufderheide, 2007; Bell, 2011;
Frank 2013; Studio Binder, 2018; Winston et al., 2017).

Documentary Film and Education

How documentary films are used in education. Along with technological advances and
lower film production costs, documentary film’s information distribution and social
commentary use opened the doors for its increasing applications in education (Aufderheide,
2007; Bell, 2011; Nash, Hight, & Summerhayes, 2014; Winston et al., 2017), and social science
research and methodology (Frank, 2013; Goldman, Pea, Barron, & Derry, 2007). The
anthropology field embraces documentary film using terms such as ethnographic film and
ethnocinema (Harris, 2012; Leavy, 2015; Sjoberg, 2008). Frank (2013) expanded the
educational significance, practice and application of the genre and Bell (2011) emphasized the
importance of its historiographical research and scholarship. Whiteman (2004) discussed
documentary films’ political impact upon audiences, and Fonda (2014) combined art therapy
and filmmaking.

Documentary film is used in varied research and teaching contexts and approaches from
elementary education onward (Aufderheide, 2007; Frank, 2013). They can range from roughly
coordinated projects to planned and scripted professional productions with a cinematographer,
crew, and actors. Some may also highlight the researcher(s), participants, and others (Leavy,
2015; Leavy & Chilton, 2014). Documentary film is popular for researchers and instructors
hoping to inspire and promote awareness of diverse issues such as climate change and social
justice (Friend & Caruthers, 2016; Hanley, Noblit, Sheppard, & Barone, 2013); migration
(Loustaunau & Shaw, 2018); to the environmental concerns of agricultural chemicals (The
Monsanto Papers, 2018).

How students learn about documentary filmmaking. Just as there are steps in the
documentary filmmaking process, a filmmaker’s path necessitates specific actions. The journey
can include obtaining a degree in film studies. Some believe a successful career requires
enrolling at an elite film program at the American Film Institute or University of Southern
California, while others believe that experiential learning is more important. Tuition at these
schools is approximately $60,000 per year for undergraduates and $65,000 for graduate
students (Learn How, 2020; Galuppo & Chuba, 2020).

Although access to state-of-the-art equipment and the networking opportunities that may come
with attending these schools are helpful, there are no requisite rules. Many leading filmmakers
say their passion for filmmaking began while they were young, making short videos with
friends and family, and that experience, matters the most. “Even films created on a smartphone
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and edited on a laptop can convey your raw talent and eye for cinematography.” (Learn How,
2020, para. 4).

Quality online educational resources about the documentary filmmaking process would further
democratize the industry for beginner filmmakers. The overall goal of this study was to add an
original, informative, and free educational resource to help student filmmakers make their goals
a reality.

The Current Study

The purpose of this study was to evaluate the educational value and impact of an instructional
module about subject research and data collection for documentary film that was designed and
developed in another study (Iwasaki, in progress) to address the lack of information and
inadequate educational resources about this topic.

The module featured beneficial recommendations by professional filmmakers from their actual
filmmaking experiences (Iwasaki, 2021) condensed into five major tips with explanatory
information: 1) do the research, 2) tell the story visually, 3) find strong characters, 4) support
universal themes, and 5) relate to your audience. This study implemented and evaluated the
module to answer the research question:

RQ: What is the impact of an instructional module for documentary film subject
research and data collection upon student filmmakers learning about and exploring
documentary film production?

Methodology

Research Design

A convergent mixed methods design approach was used (Creswell, 2009, 2015, 2018) to gather
quantitative and qualitative data from the target audience during the same time frame,
rigorously strengthening the data collection, analysis and interpretation of the study. Along
with the quantitative and qualitative instruments, field notes and observations were recorded
and used in analysis and interpretation, applying triangulation to strengthen the study and
increase credibility and validity (Glesne & Peshkin, 1992; Yin, 2016). A pilot test (Bryman,
2012) of the instructional module and evaluation instruments was conducted with a student and
confirmed that the instruments worked well to collect the necessary data. Integration of the
study’s mixed methods approach ensured feasibility and the data was recorded, documented,
and validated as much as possible (Bryman, 2012; Maykut & Morehouse, 1994; Yin, 2016).

ADDIE model of instructional design. The ADDIE model of instructional design, with its
iterative phases of Analysis, Design, Development, Implementation and Evaluation,
systematically guided and organized this study’s learning design process (see Figure 1) (Dick,
Carey, & Carey, 2001; Gagne, Wager, Golas, & Keller, 2005; McGriff, 2000; Molenda, 2015;
Molenda, Pershing, & Reigeluth, 1996; Serhat, 2017). The process included formative
assessments by experienced reviewers that informed and guided the strategic design
modifications involving multiple iterations of the instructional module (Iwasaki, in progress).
The final format of the module was important to this study. A basic, single-page infographic
progressively evolved to become an engaging, easy-to-navigate, multimedia module on a
website. The ADDIE process ensured that the study focused on the best educational practices
for the target audience, beginner filmmakers.
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Figure 1
Representation of the study using the ADDIE model

ADDIE
Model of
Instructional
Design
PHASE V: PHASE I: ANALYSIS
EVALUATION .
Analyze and determine
Evaluate the results of what is needed:
the implementation of
the instructional * Problem
module and evaluation identification
instruments with the e Needs
target audience. assessment
PHASE V: PHASE II: DESIGN
IMPLEMENTATION .
Instructional module
Implement the and evaluation
instructional module and instruments were
evaluation instruments. designed in another
study.
PHASE llI:
DEVELOPMENT

Instructional module
and evaluation
instruments were
developed in another
study.

Analysis: Problem identification. A lack of information and educational resources about
subject research and data collection for documentary film in either scholarly or popular sources
(Adorama Learning Center, 2018; Desktop Documentaries, 2018) is a problem as many
students exploring documentary film production might need assistance on how to begin
research and data collection.

Analysis: Needs assessment. Since the target audience is student filmmakers in higher
education, addressing their academic, cognitive, and physical needs were essential to the
study’s design. U.S. college student generalizations include: diverse population at 42% non-
white, 62% work part- or full-time, demand for digital technology, self-paced learning,
multimedia integration, online learning’s flexibility and convenience, need for financial aid
and affordable housing, and focus on the cognitive knowledge, exploration, discovery and
meaning needs (Bill & Melinda Gates Foundation, 2020; Education Dive, 2017; McGraw-Hill,
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2016; National Center for Education Statistics, 2020). This study was also informed by the
students at a four-year comprehensive, regional university in the western United States who
participated in this study. The learner profile includes a diverse, mostly full-time undergraduate
and graduate student population.

Design and development. The design and development of the module and evaluation
instruments for this study were completed in other studies (Iwasaki, 2021; Iwasaki, in
progress).

Implementation. The implementation of this study will be reported in the Methodology
section.

Evaluation. Evaluation of this study will be reported in the Results section.

Participants

There were 17 participants out of a pool of 20; students taking a free, 11-week non-credit class
on film and video production at a four-year university in the western United States, and other
students interested in documentary film production at the same institution. Taught by two
professionals, the course covered pre-production, production and post-production, including
educational and documentary filmmaking. Some of the students taking the course were also
associated with the university’s video production program. An exempt status IRB approval was
secured for the study.

The majority of students, seven students (44%), were sophomores. College majors of the
participants varied widely. Two participants declared Administration of Justice, two Business,
two Education, two Kinesiology, and the rest were individually different: Accounting, Biology,
Communication, English, Environmental Science, Hawaiian Studies, Nursing, Political
Science, and Psychology.

Instructional Module

Table 1 below presents the content in the module: five major themes aligned with the ARCS
model concepts of attention, relevance, confidence and satisfaction (Keller, 1983, 2010, 2017),
and organized as five beneficial “tips,” summarizing the wisdom and knowledge of
professional filmmakers from their actual filmmaking experiences. This information was
derived and condensed from the results of a previous study (Iwasaki, 2021). The module
included photos supplementing each tip, and short audio clips of filmmakers elaborating
highlights of each tip (Iwasaki, in progress).
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Table 1

Five tips from filmmakers and their relationship to the ARCS concepts

Tip 1. Do the Research (Confidence)
Complete an exhaustive resource search.
Collect existing material about your subject.
Identify key characters who can tell the story.
Determine experts who can add legitimacy.
Pinpoint a gap in the story, or a lack of the story.
Fill that void with your documentary film.

Tip 2. Tell the Story Visually (Attention)
Collect interesting interviews, historical documents, material, photos, videos and
supplemental footage.
Answer why this story needs to be presented visually.
Determine if the sources and materials are accessible.
Establish an organized system for all of the data.
“Show” the audience, not just tell the audience.

Tip 3. Find Strong “Characters” (Attention)
Focus on the strength of your interview sources.
Feature genuine interview characters who are engaging, fascinating, vulnerable,
revealing, and who feel true.
Create an emotional and impactful audience connection.
Generate affinity and empathy with the audience.
Guide the audience on a storytelling journey.

Tip 4. Support Universal Themes (Relevance)
Focus on all-embracing topics such as love, joy, peace, family, survival, pain,
suffering, equity, or the striving and struggling one takes to reach a goal.
Unravel the universal human stories and relationships.
Shed light on the shared and collective human experience.
Select topics that entertain and move audiences.

Tip 5. Relate to your audience (Relevance and Satisfaction)
Create a meaningful, relevant story that resonates, informs, educates, inspires and
empowers audiences to action.
Help the audience apply the story to the real world, current issues, and to their own
lives and circumstances.
Encourage viewers to insert their own stories, experiences and struggles into what
they’re seeing.

The module began with a welcome page thanking participants for reviewing and evaluating the
module, followed by: an overview page with instructions, the five filmmaking tips on separate
webpages, embedded evaluation surveys, a webpage featuring all five tips serving as a review,
and a final page thanking participants (Iwasaki, in progress). Here is the link to the instructional
module website: http://www2.hawaii.edu/~piwasaki/Five Tips/
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Figure 2
Screenshot of “Tip 1. Do the Research” webpage

Instruments

The evaluation instruments that were designed and developed in another study (Iwasaki, in
progress) were embedded into the module: the pre-module (pretest) and post-module (posttest)
surveys, and five short in-module surveys assessing each of the five filmmaking tips. There
were seven surveys in total. A student filmmaker completed a pilot test of the module and
instruments, successfully navigating through the module and answering all seven surveys
smoothly “with no problems.” He said the module was interesting, inspiring and very helpful,
noting that the audio clips of filmmakers were especially enlightening and useful. He did not
provide any suggestions for improvement.

ARCS model of motivational design. This study sought to evaluate the educational value of
an existing instructional module (Iwasaki, in progress) about subject research and data
collection for documentary film. To increase the likelihood that the module and evaluation
instruments would resonate with the target audience, beginner filmmakers, in addition to
applying educational best practices, a well-established model in motivation and instructional
design, Keller’s ARCS model (1983, 2010, 2017), served as the framework that informed and
guided the design and development of all three types of evaluation surveys: pre-module, post-
module and in-module. The framework also guided the analysis and interpretation of the data
collected. Two other purposes in using ARCS was to: 1) motivate students to become interested
in subject research and data collection for documentary film, and 2) inform, guide and instruct
students about the process of subject research and data collection for documentary film.
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The ARCS motivational factors of attention, relevance, confidence and satisfaction (Pappas,
2015; Peterson, 2003) are strongly applicable to the field of documentary film with similar
motivational goals for filmmakers, whether they are veterans or beginners
(educators/instructional designers), and their audience (learners/students) (Astleitner &
Lintner, 2004; Keller & Suzuki, 2004; West, Hoffman, & Costello, 2017). While the goals for
filmmakers may not be referred to as “instructional design,” their educational goals are very
similar; they use relevant, motivational methods of film and video production (Frank, 2013;
Nash et al., 2014; Winston, et al., 2017).

Pre-module survey. The pre-module survey was designed to determine participants’ baseline
interest in and familiarity with documentary film, and their knowledge of the process of subject
research and data collection. To capture participants’ voices, one qualitative question was
asked: explain why they were interested in film and video production. To measure the degree
of participants’ feelings, six quantitative questions were designed using a 5-point Likert
psychometric scale with appropriate qualifiers (Bryman, 2012; Gorard, 2003).

In-module surveys on the five tips. To draw out the rich and thick descriptions of qualitative
data and hear the opinions of participants, five two-question surveys evaluating each of the five
tips immediately followed each tip. Question 1 asked: “What stood out to you most?”’; and
Question 2 asked: “What was the most helpful element? Why?” These short surveys were
implemented to allow a deeper exploration of each of the five tips. The “Tip 5. Relate to your
Audience” survey also asked which of the five tips was the most helpful overall.

Post-module survey. The post-module survey was designed to determine the amount of
learning participants had acquired from reviewing the module. Some of the post-module survey
questions paralleled the pre-module survey questions in order to discover the impact of the
module and if their knowledge had changed. To capture participants’ voices, two qualitative
questions were asked: to explain if they felt the module was helpful for research and data
collection for documentary film, and if they had anything else to share. To measure the degree
of participants’ feelings, the 14 quantitative questions were designed using appropriate
qualifiers that could be answered using a 5-point Likert psychometric scale (Bryman, 2012;
Gorard, 2003).

Procedure

The researcher worked with the two instructors of the film production course and visited the
class in January 2020 to introduce herself and provide an overview of the research project with
a recruitment presentation, emphasizing that participation was entirely voluntary and would
not affect their class participation at all. The researcher informed them she would be returning
in March, after Spring break, to present the hard copy educational resource (it had not yet
evolved to become an online, technology-enhanced instructional module) (Iwasaki, in
progress) for them to review and evaluate. However, due to the COVID-19 pandemic, the
university moved entirely to online learning and face-to-face classes were cancelled. The
researcher was unable to return to the class as planned.

Thus, the researcher was motivated to develop and implement the resource and the evaluation
instruments online using appropriate technology (Iwasaki, in progress). Previous findings by
Mayer and other researchers report that multimedia online delivery can increase learning and
outcomes (Alessi & Trollip, 2001; Chiu & Churchill, 2016; Clark & Mayer, 2011; Levonen,
Biardeau, & Rouet, 2001; Mayer, 2001, 2009, 2017). Self-paced learning, multimedia,
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technology integration, and online learning were important academic needs for the target
audience as discussed in the Analysis section; thus, the move to online implementation was a
positive, constructive development (McGraw-Hill, 2016; National Center for Education
Statistics, 2020).

The researcher received participants’ university email addresses from the instructors, and was
able to move forward with the online implementation and evaluation of the resource after its
progression into a digital, multimedia instructional module (Iwasaki, in progress). In late April
2020 participants received an email with a link to the module, recruitment letter, and a consent
form. They were asked to return signed consent forms or respond affirmatively to the email,
review the module, and complete the evaluation surveys via the link within two weeks.

Participants were expected to progress through the module in the following manner: welcome
page, overview page with instructions, pre-module survey, review of the five filmmaking tips
with a two-question survey following each tip, and a review of all five tips on a single webpage
served as a reminder of the overall purpose of the module. Participants were then instructed to
complete the post-module survey. Lastly, a webpage thanked the participants for their time and
effort in completing the module.

During the two-week period of data collection, 15 students (88%) did not have any problems
with viewing and completing the instructional module. After completing the module, some of
the students emailed the researcher with positive comments such as: “This is great
information!” “The next time I create an educational video or short documentary, I’ll remember
those five tips.” “I was able to complete the module with ease.” “I listened to all of the five tips
and finished all of the surveys.”

Results

Pre-Module Survey

Table 2 below features the results of the 5-point Likert psychometric scale (Bryman, 2012;
Gorard, 2003) items for the pre-module survey and their alignment with the appropriate ARCS
model concepts of attention, relevance and confidence. When asked to rate their level of
interest in film and video production, the 17 participants reported an average rating of 4.12 (SD
= 0.78). Four participants (24%) selected 5.00 (Strongly Agree). Their familiarity with the
documentary film genre reported an average rating of 4.00 (SD = 0.71). The participants’
familiarity and interest in film and video production were quite strong. However, their
familiarity and knowledge about research and data collection for documentary film were
weaker. Participants reported an average rating of 2.88 (SD = 1.11) when asked about their
familiarity with the process of creating documentary film; 2.82 (SD = 1.01) when asked about
their familiarity with the tools of documentary film; and 2.76 (SD = 1.09) when asked about
their knowledge of research and data collection. This evidence aligns with the researcher’s
theory that students need more information and resources in this area.
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Table 2
Average interest and familiarity ratings from the pre-module survey (n=17)

ARCS Interest and/or familiarity with:

Categories Mean SD Min Max
Attention Film and video production 412 0.78 3.00 5.00
Relevance Documentary film genre 4.00 0.71 2.00 5.00

Documentary films 3.65 0.61 2.00 4.00
Confidence Process of creating documentary film 2.88 1.11 1.00 4.00
Tools of documentary film 2.82 1.01 1.00 4.00

Research and data collection for
documentary film 2776  1.09 1.00 4.00

Participants answered one open-ended question explaining their interest in film and video
production. This question produced thick and rich, narrative type responses. An inductive
approach (Bryman, 2012; Maykut & Morehouse, 1994; Yin, 2016) was implemented and
responses were analyzed, interpreted, and grouped according to their relationship with the
ARCS model concepts of attention, relevance, confidence and satisfaction (Astleitner &
Lintner, 2004; Keller, 1983, 2010, 2017).

In-Module Surveys on the Five Tips

The five in-module surveys about each tip featured two open-ended questions to collect rich,
qualitative answers and an inductive approach (Bryman, 2012; Maykut & Morehouse, 1994;
Yin, 2016) was implemented to analyze, interpret, and organize the data. Participants were
asked what stood out most, was the most helpful, and will “take away.” Frequent response
themes were: collect important and relevant information and images about your subject during
the research portion determines whether you have a story worth telling visually; feature
characters that will emotionally move and resonate with the audience; and help the audience
see themselves in the film and relate to the struggle or conflict.

One example of the depth of the responses was a participant who associated Tip 3. Find Strong
“Characters” to the Hawaiian art of hula, saying “Similar to hula, filmmaking is the art of
capturing the audience and making them feel a part of the story. Just as hula needs the right
wahine (female) or kane (male), the characters for the film need to be a perfect match.”

The five tips’ effectiveness was demonstrated by the participants using the exact words used
in the tips in their own responses. For example, for Tip 2: Tell the story visually: “‘Show’ the
audience, not just tell the audience,” or they paraphrased the bullet points. Each page also
featured just one photo that supplemented the content. The instructional module was designed
and developed using Mayer’s 12 principles of multimedia learning (2001, 2009, 2017; Clark
& Mayer, 2011) in another study (Iwasaki, in progress) and one of the principles states:
extraneous words, pictures and sounds are excluded rather than included. The data successfully
collected in this study supports this principle.
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The audio clips, ranging from 34 seconds to 2:05 minutes, featuring professional filmmakers
sharing their vast insight and experience were the highlights of the module. The majority of
responses for the two questions “what stood out most” and “was most helpful” included the
audio clips.

Participants also expressed appreciation of the multimedia and technology integration within
the module. One participant said, “Having the audio file while reading through the tips and
seeing the photo on the page was helpful. It made me understand how important the visual is.”
Another said “The text helped me understand what the filmmaker was talking about.” This
supports Mayer’s multimedia design principles of combining graphics, narration and text and
that narration is spoken in a friendly human voice. The researcher believes the real-world
wisdom and experience from the professional filmmakers was key to the module’s success.
The audio clips featuring real voices supported the validity and truth of the information. One
of the participants said, “Having the audio file to explain did help.”

In answering which tip was the most helpful overall, participants selected each of the five tips
almost equally. One student said, “In order to develop an astonishing documentary, all tips
should be considered. Being able to generate ideas into film is not an easy task, so taking these
words of recommendation can really help with the process of creating a documentary.”

Post-Module Survey

In the post-module survey, 16 participants answered 16 Likert response items and one
qualitative question. Table 3 features the results of the 5-point Likert psychometric scale
(Bryman, 2012; Gorard, 2003) and their alignment with the ARCS model concepts.

Table 3
Average interest and familiarity ratings from the post-module survey (n=16)

ARCS The module/module’s: Mean SD Min Max
Categories
Attention Captured interest and attention 438 0.81 2.00 5.00
Layout and design are appealing 444 0.63 3.00 5.00
Colors are appealing 4.63 0.50 4.00 5.00
Attention/ Read and understand information 481 040 4.00 5.00
Confidence
Attention/ Graphics are interesting and appropriate 450 0.52 4.00 5.00
Relevance
Sound clips are engaging and interesting 4.19 091 2.00 5.00
Confidence/  Ease of navigation 4.69 0.79 2.00 5.00
Satisfaction
Hear sound clips 413 136 1.00 5.00
Access surveys 450 1.21 1.00 5.00
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Attention/ Increased interest in watching documentary 450 0.89 2.00 5.00
Relevance films
Increased interest in research and data 444 0.73 3.00 5.00
collection for documentary film
Confidence/  Increased familiarity with documentary 456 051 4.00 5.00
Satisfaction filmmaking

Increased familiarity with research and data 456 051 4.00 5.00
collection for documentary film

Increased knowledge of how to begin the 456 051 4.00 5.00
process of creating a documentary film
Relevance/ Increased knowledge of how to conduct 450 0.73 3.00 5.00
Satisfaction research and data collection for documentary
film

Helpful for research and data collection for 444 0.63 3.00 5.00
documentary film

Participants found the instructional module captured their interest and attention; the layout and
design, and colors were appealing; graphics were interesting and appropriate; and the sound
clips engaging and interesting. When asked to rate their ability to read and understand
information, the 16 participants reported an average rating of 4.81 (SD = 0.40); 13 participants
selected 5.00 (Strongly Agree). Another high average rating of 4.69 (SD = .79) was reported
in the participants’ ability to navigate the module, which also received 13 “strongly agree”
responses. These two items received the most 5.00 (Strongly Agree) selections. These findings
validate the successful application of Keller’s ARCS motivational model (1983, 2010, 2017)
and Mayer’s 12 principles for multimedia learning (2001, 2009, 2017; Clark & Mayer, 2011)
as frameworks in the design and development of the module (Iwasaki, in progress), and the
application of best practices. The lowest average rating of 4.13 (SD = 1.36) was reported when
participants were asked about their ability to listen to the sound clips. This could be accounted
for by two students who had difficulty accessing and reviewing the module. They contacted
the researcher, and after troubleshooting with the researcher, the two participants were able to
successfully view the module and complete the surveys.

As a posttest, the post-module survey provided positive results of the module’s effectiveness.
Participants added substantial and important new information to their knowledge base,
applying constructivism. After reviewing the module, when participants were asked to rate
their level of familiarity with documentary filmmaking, they reported an average rating of 4.56
(8D = 0.51), an increase of 0.56 from the pre-module 4.00 survey average. Marked rating
increases were seen especially with familiarity about the process of creating a documentary
film, and familiarity and knowledge of research and data collection.

When asked to rate their familiarity with the process of creating a documentary film,
participants reported an average rating of 4.56 (SD = .0.51), a significant increase of 1.68 from
the 2.88 pre-module average. When rating their familiarity with research and data collection
for documentary film, participants reported an average rating of 4.56 (SD = 0.51); and when
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asked about knowledge of research and data collection for documentary film, participants
reported an average rating of 4.50 (SD = 0.73), a substantial increase of 1.74 from the 2.76 pre-
module average. In the post-module survey, 10 participants selected 5.00 (Strongly Agree),
four selected 4.00 (Agree), and two selected 3.00 (Neutral). There were no “Disagree” or
“Strongly Disagree” responses. Since the original number is zero, this represents a 100%
increase in the “strongly agree” category. In the pre-module survey, 0 participants selected 5.00
(Strongly Agree), five selected 4.00 (Agree), six selected 3.00 (Neutral), three selected 2.00
(Disagree), and three selected 1.00 (Strongly Disagree). Clearly, participants were not very
familiar with subject research and data collection for documentary film before reviewing the
module, and it was a positive and successful learning experience for the participants.

The module substantially increased participants’ familiarity with documentary film, knowledge
of the process of creating a documentary film, and interest in and knowledge on how to conduct
research and data collection for a documentary film after deciding upon a subject.

The results also revealed that applying the ARCS model (Keller, 1983, 2010, 2017) as a design
and development (Iwasaki, in progress) framework helped motivate students to become
interested in subject research and data collection for documentary film. It also helped
successfully inform and guide students about the process of subject research and data collection
for documentary film, and increased their understanding and knowledge. These were important
additional purposes in utilizing ARCS and the data confirmed that the module accomplished
this.

The final item was “This module is helpful for research and data collection for documentary
film,” and participants reported an average rating of 4.44 (SD = 0.63). Eight participants
selected 5.00 (Strongly Agree), seven selected 4.00 (Agree), and one selected 3.00 (Neutral).
There were no “Disagree” or “Strongly Disagree” responses. This demonstrates the module is
a valuable and useful resource to guide and assist beginner filmmakers with documentary film
research and data collection.

Participants answered one post-module survey qualitative question: Why is the instructional
module helpful for research and data collection for documentary film? An inductive approach
(Bryman, 2012; Maykut & Morehouse, 1994; Yin, 2016) was implemented and responses were
analyzed, interpreted, and aligned with the ARCS concepts (Keller, 1983, 2010, 2017; Pappas,
2015). Participants affirmed that the module was helpful to guide and assist beginner and
student filmmakers. “It's a very useful and helpful module for filmmakers beginning their
projects,” said a participant. Table 4 below lists a sampling of participant answers and
alignment of ARCS concepts.
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Table 4
Examples of post-module qualitative answers

The instructional module is helpful for research and data collection for documentary film.
Please explain why.

Attention
“Really encouraged connecting with others using visuals, personal stories, and being
relatable.” — Participant #7

Relevance
The module gave a lot of useful information for people who are beginning to start their
filmmaking career. — Participants #8, #10, #13

Confidence
“Very thorough, easy-to-digest and informative.” — Participant #4

Satisfaction
“This survey was well done! It was effective in providing organized and easy to understand
information.” — Participant #12

These significant quantitative and qualitative findings, as well as the field notes and
observations that utilized triangulation, (Bryman, 2012; Glesne & Peshkin, 1992; Yin, 2016)
confirmed that the instructional module did indeed have a positive educational impact on the
participants. The data substantiates the educational quality, value and significance of the
module and this study.

Discussion and Conclusion

The results from the quantitative and qualitative survey instruments, along with documented
field notes and observations, validated the educational value of the instructional module about
subject research and data collection for documentary film. The findings revealed that content
and format contributed to the instructional module’s success. Participants applied
constructivism, the building of new knowledge upon their pre-existing knowledge base.

According to the data, the highlight of the module that positively resonated with the participants
were the professional filmmakers’ audio clips discussing key content points. The filmmakers’
actual voices added honesty, validity and legitimacy to the material. This study successfully
utilized consultation of experts in content design and development to improve the
understanding, creativity, and production of beginner documentary filmmakers.

Due to the COVID-19 pandemic, the researcher was unable to implement the module in person
as planned; however, it motivated the researcher to design and develop an online format which
contributed to its increased success with participants. Utilizing the ADDIE model of
instructional design that included multiple formative assessments by experienced reviewers
and modified iterations (Iwasaki, in progress), what began as a basic, single page infographic
turned into a content-rich, engaging, technology-enhanced, multimedia module on a website.
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This development was extremely important because self-paced learning, multimedia and
technology integration, and online learning were important academic needs for the target
audience (Education Dive, 2017; McGraw-Hill, 2016). The data collected in this study
validates the successful online implementation of the module and that multimedia online
delivery can increase learning potential and outcomes (Alessi & Trollip, 2001; Chiu &
Churchill, 2016; Clark & Mayer, 2011; Levonen et al., 2001; Mayer, 2001, 2009, 2017).

The module addressed the lack of educational resources about subject research and data
collection, an important step in the documentary filmmaking process that has been challenging
to document. Five Tips from Filmmakers for Documentary Film Research and Data Collection
is a much-needed, relevant, easy-to-use, quality educational resource that will help guide and
assist beginner and student filmmakers exploring documentary film production.

The wisdom and recommendations from veteran filmmakers provide student filmmakers a head
start in the complex documentary filmmaking process, enabling them to share important stories
more quickly and with improved outcomes. This professional guidance in the film process
benefits beginner filmmakers, as well as society at large (Leavy, 2015; Loustaunau & Shaw,
2018), exposing audiences to increased learning opportunities through additional timely and
important documentaries.

Looking forward, since documentary film is such an integral part of learning in a thriving,
multicultural society, future research would add to the educational resources in the field and
practice of documentary film research and data collection, film studies, and education, adding
knowledge to this increasingly democratic, effective, and ever-expanding communication
medium. Further research could also delve deeper into the need and importance of constructing
knowledge and information from authentic, knowledgeable experts and voices in the design
and development of instructional content to support, increase and improve overall learning.

This study successfully and innovatively applied and integrated learning sciences theory,
methodology, technology, and instructional design with humanities and arts research. This
study and its effective and dynamic approach to designing and developing educational content
and resources has made an important and significant contribution to the fields of instructional
design, the learning sciences, creative arts and the humanities. This study has significant
potential to impact the broad possibilities of contemporary, interdisciplinary research design
and collaboration.
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Abstract

Emphasis manipulation is a way to help learners by directing their attention to particular
subcomponents of a learning task. This study investigated the effects of different approaches
to emphasis manipulation on knowledge transfer and cognitive load. This was done by
examining the impact of three task selection strategies: system-controlled, learner-controlled,
and shared-controlled. Forty-five students (n = 45) in the first or second year of high school
were randomly assigned to three groups and each group used a different type of task selection
to manipulate emphasis in a complex learning context. The system-controlled group carried
out learning tasks that were identified as essential by the system. The learner-controlled group
selected and carried out learning tasks they needed to learn. The shared-controlled group chose
and carried out learning tasks that they wanted to learn from a list of suggested learning tasks.
The tasks had four learning phases: pre-test, training, mental-effort rating, and transfer test.
After participants completed the training, their cognitive load was measured. One week after
the training, a transfer test was conducted to measure the constituent skill acquisition. The
findings revealed that the system-controlled task selection strategy was the most effective in
optimizing cognitive load and enhancing knowledge transfer. In addition, learners benefited
from personalized guidance on learning task selection based on their expertise. Given that the
shared-controlled task selection method was more effective than the learner-controlled task
selection, this study’s results indicate that learners should be provided with information about
how to select learning tasks when they are allowed to do so.

Keywords: cognitive load, complex learning, emphasis manipulation, task selection
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Modern society requires individuals to solve real-life problems. In education, there is more
and more emphasis on using complex tasks to help learners integrate the knowledge, skills,
and attitudes essential for effective task performance in real-life applications (Merrill, 2002;
van Meeuwen et al., 2018; Frerejean et al., 2019). Although previous studies have shown
complex tasks effectively enhance learners’ cognitive skills and help them achieve
higher-quality solutions (Beers et al., 2005; Slof et al., 2011; Shin et al., 2018), learners can
have difficulty carrying out such tasks. One reason complex tasks are difficult is they can
impose a high cognitive load on learners due to the fact that they are loosely structured
problems composed of diverse subcomponents (van Merriénboer & Kirschner, 2018; Jung et
al., 2019).

To overcome this difficulty, researchers have suggested using whole-task sequencing strategies
such as simplifying conditions, knowledge progression and emphasis manipulation (van
Merriénboer & Kirschner, 2018). The simple to complex sequencing of whole tasks
facilitates the learning experience by encouraging learners to coordinate and integrate the
constituent skills that make up a whole task (van Merriénboer & Kirschner, 2018). One of the
advantages of whole-task sequencing is that it enables learners to carry out whole tasks
without segmenting the elements into individual tasks. For example, emphasis
manipulation is a whole-task approach that can help learners see the “big picture”, as it
allows them to practice constituent skills within the context of a whole task (Gopher, 2007;
van Merriénboer & Kirschner, 2018; Frerejean et al., 2021). Emphasis manipulation directs
learner focus to specific subcomponents of a task, rather than having them perform the
whole task all at once (Gopher et al., 1989; Frerejean et al., 2021). As a result,
emphasis manipulation can help learners coordinate constituent skills and process whole
tasks while focusing on learning component skills.

Although many studies have indicated emphasis manipulation is an effective way to direct
learner attention within a whole-task module, some researchers have argued that it is ineffective
because the whole task is repeated many times throughout the process (Gopher et al., 2007).
Repetitive whole-task performance can increase cognitive load by increasing the amount of
redundant information, especially as learners’ expertise increases (Chen, 2008). This can
cause the expert reversal effect (Sweller, 1994; Kalyuga et al., 2003), particularly for
more experienced learners who are already proficient in selecting, controlling and monitoring
their learning processes (Ertmer & Newby, 1996). To reduce unnecessary cognitive
load and promote cognitive skill acquisition, previous researchers have recommended a
personalised approach to emphasis manipulation based on learners’ prior knowledge
(Corbalan et al., 2006; Kalyuga & Sweller, 2014).

Researchers have focused on task selection strategies as an effective personalised approach
(Salden et al., 2004; Salden et al., 2006). The rationale for focusing on task selection
strategies is they can enable learners to learn interrelated constituent skills more
efficiently. Such strategies facilitate the cognitive learning process by ensuring that the task
classes match the learners’ level of expertise (Corbalan et al., 2006). During task
selection, learners can be provided with a personalised sequence of tasks based on their
specific proficiency and current learning status. This sequence of learning tasks can be
chosen by a system, an instructor or a learner (Paas et al., 2011). Ideally, more personalised
learning sequences, informed by input from learners, will allow them to perform learning
tasks that are most suitable for their current level of expertise. For this reason, a
personalised task selection approach to emphasis manipulation is expected to prevent the
expert reversal effect and promote constituent skill acquisition.
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Some studies have shown that the system-controlled approach to task selection is effective at
complex learning (e.g., Camp et al., 2001; Kalyuga, 2006). In contrast, others have shown that
high levels of system control may negatively affect learners’ motivation (e.g., Corbalan et al.,
2006), suggesting that giving learners control over task selection is a more effective approach
to complex learning (e.g., Salden et al., 2006). Despite the advantages of task selection,
research has produced inconclusive results about the effectiveness of various task selection
strategies. In addition, few studies have explored the relationships between task selection,
whole-task sequencing, and emphasis manipulation.

To address these issues, the current study explored effective instructional strategies for whole-
task sequencing based on personalised approaches to complex learning. Specifically, the study
examined three types of task selection strategies for emphasis manipulation. These strategies
were categorised according to the agent who selected the learning tasks: system, learner, and
shared (system and learner).

This study’s research questions were formulated to identify effective emphasis-manipulating
task selection strategies for learners. The first question was, “What are the effects of different
task selection strategies on learners’ cognitive load during emphasis manipulation
sequencing?” The second question was, “What are the effects of task selection strategies on
knowledge transfer during emphasis manipulation sequencing?” By addressing these
questions, this study was conducted to identify the most effective task selection approaches to
emphasis manipulation for complex learning.

Theoretical Background

Emphasis Manipulation Sequencing

Complex learning requires learners to integrate knowledge, skills and attitudes. Researchers
have proposed many methods of promoting cognitive skill acquisition during complex learning
(van Merriénboer & Kirschner 2018; Jung et al., 2019). Although the methods differ, they share
a focus on learning experiences based on authentic, real-life tasks (Kirschner et al., 2006; Wang
et al., 2017). The cognitive tasks used in complex learning have been shown to improve
learners’ cognitive skill acquisition and facilitate knowledge transfer (Kester & Kirschner,
2012; van Merriénboer & Kirschner, 2018).

Studies have recommended whole-task sequencing as an effective way to help learners
coordinate and integrate constituent skills and promote knowledge transfer (van Merriénboer
& Kirschner, 2018). In particular, emphasis manipulation, which is a whole-task sequencing
strategy that emphasises or de-emphasises constituent skills within a whole-task project, can
help learners to acquire complex cognitive skills (van Merriénboer & Kirschner, 2018). In
emphasis manipulation sequencing, the relative emphasis on selected subcomponents is
manipulated, but the whole task remains intact (Gopher et al., 1989; van Merriénboer &
Kirschner, 2018). The essence of emphasis manipulation is that learning occurs continuously
as the subcomponent priorities are varied. Emphasis manipulation allows learners to work on
all of the constituent skills from the beginning of the learning process while focusing learners’
attention on the most significant subcomponents. It is most effective if priorities and trade-offs
are established and appropriate attention-allocation learning strategies identified (Gopher,
1993).

Despite emphasis manipulation’s ability to help learners focus on important subcomponents of
effectively learning the target material, it can create cognitive difficulties if too much redundant
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information is generated. This can happen when the whole learning process is repeated from
beginning to the end while emphasizing different subcomponents. As a result, instructional
strategies that prevent unnecessary cognitive load and promote learning performance should
be applied when using emphasis manipulation.

Task Selection Strategy

Researchers studying whole-task sequencing have proposed task selection strategies for
personalised learning that can effectively provide learning content that matches the
characteristics and differences of individual learners (van Merriénboer & Kirschner, 2018).
Some researchers have categorised task selection strategies according to the agent who
determines (controls) which learning tasks will be emphasised: system control, learner control
and shared control (Corbalan et al., 2006; Corbalan et al., 2008; Paas et al., 2011). In a system-
controlled condition, learning tasks are selected by an instructional agent such as the computer
system or teacher (Tennyson & Buttery, 1980; Corbalan et al., 2006). The system-controlled
approach is used in some electronic learning environments, providing personalised learning by
selecting tasks based on learners’ current stage of learning (Camp et al, 2001). However, high
levels of system control may negatively affect learners’ interest and task involvement in
learning (Corbalan et al., 2006). To prevent this, there is a need for learner control over some
aspects of the learning process.

Salden and colleagues (2006) reported that giving learners control over task selection promotes
learners’ motivation and helps them engage in self-regulated learning. As the aim of complex
learning is to promote complex cognitive skills and self-regulation skills, learner-controlled
instruction is believed to lead to learning success. Giving learners task selection opportunities
assumes that they are able to identify the learning tasks that are the most suitable to their needs
(van Merriénboer, 2002; Bergamin & Hirt, 2018). In turn, this may increase learner motivation
and strengthen their belief that they can accomplish their learning goals, ultimately leading to
successful complex learning. In addition, learner control avoids unnecessary cognitive load by
eliminating non-essential learning tasks and increasing germane cognitive load by increasing
learning engagement (Vandewaeter & Clarebout, 2013; Lange, 2018). However, learner-
controlled task selection is not always effective. Task selection may overburden novices and
learners may omit essential parts of learning tasks when selecting one learning task from a
large number of learning tasks (Merrill, 2002; Schwartz, 2004).

Another task selection strategy, shared-controlled, has been developed to compensate to
address the limitations of learner-controlled selection (Corbalan et al., 2006). In the shared-
controlled approach, learners select tasks while referring to personalised information about the
most essential learning tasks based on their expertise. Some researchers have reported that
shared control is more efficient than either system control or learner control alone, as it helps
learners to make the right selections and to eliminate redundant learning tasks (van Meeuwen
et al., 2018).

Cognitive Load and Expert Reversal Effect

Cognitive load theory (CLT) developed by Sweller (1988) has suggested that cognitive load is
a critical factor in the process of complex tasks learning (Salden et al., 2006). Cognitive load
can be divided into three elements: Intrinsic cognitive load, Extraneous cognitive load, and
Germane cognitive load (Sweller, 1994). Intrinsic load is determined by the complexity of
learning elements that are related to performing tasks (Gerjets et al., 2006). Extraneous load is
imposed learning methods, information presentation methods, and learning strategies
(Corbalan et al., 2008). Intrinsic load and extraneous load do not promote learning while
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germane load does (Moreno & Park, 2010). Germane load is imposed as a result of the
cognitive efforts required to form schemas during learning. Germane cognitive load occurs by
learning methods designed to promote automation, and researchers suggest securing the space
for germane load by reducing extraneous load (Jung et al., 2016). Studies exploring CLT have
suggested that intrinsic load and extraneous load must be reduced and germane load promoted
for successful complex learning (Sweller, 1994; Moreno & Park, 2010).

Although emphasis manipulation sequencing is effective for teaching complex cognitive skills,
repeated learning processes can lead to the expert reversal effect (Sweller, 1994; Kalyuga et
al., 2003). Many studies of this effect have shown that educational approaches that are
successful for novice learners are often less effective for more experienced learners (Jung et
al., 2016; Kalyuga & Renkl, 2010; van Merriénboer & Sweller, 2010). Repetitive cognitive
processing and learning materials constitute extraneous cognitive load, which may hinder
learning. Thus, appropriate learning tasks and methods that consider learners’ prior knowledge
are needed to prevent the expert reversal effect as learner expertise increases over the learning
process (Kalyuga & Renkl, 2010; Jung et al., 2016; Choi et al., 2019).

Individualised instruction that considers learners’ expertise can be an effective strategy, as it
may provide learners with appropriate learning tasks and reduce unnecessary cognitive load.
Individual learners’ cognitive load is determined by interactions between the learners’
expertise and the difficulty of the learning tasks (Paas et al., 2003); thus, redundant educational
materials and support can be removed as learner proficiency in a specific learning task
improves. In addition, to optimise cognitive load and promote learning efficiency, educational
guides must be provided at the time they best suit learners’ needs. Using a personalised learning
strategy to guide emphasis manipulation is likely to be an effective approach to reducing
cognitive load and achieving learning objectives because it is challenging to identify the level
of learning difficulty and particular subcomponent skills that should be emphasised for each
individual learner. Thus, this study examined how applying three task selection approaches
(system-controlled, learner-controlled, shared-controlled) to emphasis manipulation affected
the success of complex learning.

Research Methodology

Participants

Forty-five students (n = 45) in the first or second year of high school in South Korea enrolled
in a career development class were participants in this study. Permission to conduct this study
was initially obtained from the school, as well as the students and their parents. Thus, there
were no significant ethical conflicts. The students were 17 or 18 years old and 31 students
(70%) were male and 14 (30%) were female. Participants were randomly assigned to one of
three groups: a system-controlled group (SC; n=15), a learner-controlled group (LC; n=15),
and a shared-controlled group (SHC; n=15).

Description of Task Selection Learning Environment

The task selection learning environment developed for this study consisted of three categories
of constituent skills related to some advanced features in PowerPoint: animation effects, chart
and graph effects, and multimedia effects. Each category included five constituent skills (see
Table 1). Each of the three groups was presented with a different set of learning tasks on the
main page of a website (see Figure 1). The system-controlled instruction condition provided a
list of learning tasks in which the participants were weak; the learner-controlled instruction
condition provided a list of all of the learning tasks; and the shared-controlled instruction
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condition provided a list of suggested learning tasks. When the participants clicked on a
particular learning task displayed on the main page, a short video lecture played. Brief videos
(3 — 5 minutes) were provided to help participants acquire the constituent skills. None of the
learning phases for constituent skill acquisition were time limited. Each group performed
different learning tasks based on the type of task selection control.

Table 1
List of Constituent Skills

Animation effects Chart and graph effects Multimedia effects

1. Screen transitions 1. Insert a table 1. Word Art

2. Add animation effects 2. Insert a chart 2. Smart Art

3. Customise animation effects 3. Chart layout 3. Insert an audio file

4. Modify animation effects 4. Edit data in Excel 4. Insert a video file

5. Animation Pane 5. Change chart type 5. Hyperlink
Figure 1

Structure of Task Selection Learning Environment

List of learning tasks

When learners click on a learning task,
they can watch a video to learn the
constituent skill.

Pre-Test

Fifteen self-rated problems were used to measure participants’ prior knowledge of the target
skills. A computer-based task was developed to measure the learners’ level of competence in
PowerPoint. The participants were asked to make PowerPoint slides so that their weakest
constituent skills could be identified. Responses to pre-test items were categorized by three
evaluators as either poor and awarded a score of 0 or good and awarded a score of 1. Thus, the
minimum pre-test score was 0 and the maximum was 15. There was no difference between the
groups’ pre-test scores [F(2, 42) =.097, p > .05].
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Experimental Conditions

The system-controlled (SC) instruction condition provided learners with the learning tasks that
they were the weakest in, which was determined by learners input. The SC group only carried
out learning tasks that were identified as essential by the system based on their pre-test results.
The SC group was not given the opportunity to carry out other learning tasks (see Figure 2).

The learner-controlled (LC) instruction condition provided learners with a list of all of the
learning tasks. The learners in the LC group selected the learning tasks that they needed to
learn and then carried out these learning tasks. The LC group was not provided with guidance
on what was essential information or feedback to help with their task selection (see Figure 3).

The shared-controlled (SHC) instruction condition provided learners with a list of suggested
learning tasks based on their pre-test results. However, unlike those in the SC group, the
learners in the SHC group could choose any learning task that they wanted to learn (see Figure 3).

Table 2
Three Types of Selection Control and Learning Tasks

Group  Type of control Learning tasks
SC System Weakest learning tasks
All the learning tasks without information about which are the
LC Learner . .
essential learning tasks
SHC System and Learner All the learning tasks with suggestions about essential learning tasks
Figure 2

Weakest Learning Tasks for the SC Group

Perform only the weakest
learning tasks and submit
Assignments 1, 2 and 3 and
the final assignment.

\ 4

Weakest sets of learning tasks

Animation Charts and graphs Multimedia
Assignment 1 Insert a chart Word Art
- Chart layout Smart Art
- Edit data in Excel Insert an audio file
- Change chart type Insert a video file
- Assignment 2 Hyperlink
Assignment 3

* Functions to perform specific learning tasks were open to learners in the
system-controlled group.
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Figure 3
All of the Learning Tasks for the LC group and the SHC Group

There are 15 learning tasks.

Select the learning tasks you

want to learn, perform the

learning tasks, then submit

Assignments 1, 2 and 3 and
/ the final assignment.

\ 4

All of the learning tasks

Animation Charts and graphs Multimedia
Screen transitions Insert a table Word Art
Add animation Insert a chart Smart Art
Customise animation Chart layout Insert an audio file
Modify animation Edit data in Excel Insert a video file
Animation Pane Change chart type Hyperlink
Assignment 1 Assignment 2 Assignment 3

* Functions to perform whole learning tasks were open to learners in the
learner-controlled group.

Cognitive Load Measures

A 10-point Likert-scale was used to measure cognitive load (Leppink et al., 2013). Previous
studies have used this instrument to measure cognitive load (e.g., Becker, Klein, G6Bling, &
Kuhn, 2020; Thees, Kapp, Strzys, Beil, Lukowicz, & Kuhn, 2020). The scale ranged from “not
at all the case” (0) to “completely the case” (10). The measurements consisted of three intrinsic
load items, three extraneous load items, and four germane load items (see Table 3). All of the
participants were asked to rate their cognitive load after the training phase. The reliability
analysis revealed a Cronbach’s alpha value of 0.807 for the intrinsic load items, 0.895 for the
extraneous load items, and 0.911 for the germane load items.

Table 3
Sample Questions to Measure Cognitive Load

Type of load Questionnaires

Intrinsic load The topic/topics covered in the activity was/were very complex.
Extraneous load The instructions and/or explanations during the activity were very unclear.
Germane load The activity really enhanced my understanding of the topic(s) covered.

Transfer Measures

Learning outcomes were measured using a transfer test. One week after the training session,
the participants were asked to make PowerPoint slides related to their major and recent trends
in their disciplines. The purpose was to use the constituent skills acquired during the training
phase. The transfer tests were recorded in the task selection learning environment to determine
whether the participants had used the constituent skills properly. Three evaluators were chosen
to rate the submitted PowerPoint slides using two scale values: poor (0) or good (1). The
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minimum transfer test score was 0 and the maximum was 5. The measurements consisted of
three items (see Table 4). Interrater reliability analysis revealed a Cohen’s Kappa value of
0.765.

Table 4
Sample Indicators to Measure the Level of Knowledge Transfer

Item # Questionnaires Categories

1 Student made PowerPoint slides using screen transitions. Animation effects

2 Student made PowerPoint slides using a table. Charts and graph effects

3 Student made PowerPoint slides using a video file. Multimedia effects
Procedure

The study was conducted over two weeks in an online learning environment. The participants
were assigned to one of three groups and asked to perform tasks across four learning phases:
pre-tests, training, mental-effort rating, and transfer tests (see Table 5). After the pre-tests, each
group was provided with learning tasks associated with their assigned task selection condition.
They then carried out the learning tasks for constituent skill acquisition. The participants were
required to watch the short video lectures and then make three presentation slides that were
identical to the presented samples. After the participants completed the training, their cognitive
load was measured. One week after the training phase, a transfer test was administered to
measure the acquisition of constituent skills.

In the transfer test, participants were asked to make PowerPoint presentation slides on a
specific topic (My dream major at university). Participants were asked to use all of the
functions about PowerPoint they had learned during the training phase. The PowerPoint
presentation slides made in the transfer test were evaluated by one visual communication expert
and two educational experts. All of the procedures and responses were recorded using a video
recording program so the exact performance of the participants could be evaluated (see Figure 4).

Figure 4
Learning Processes in the Task Selection Learning Environment

Data Collection and Analysis

This study used a one-way factorial design. The independent variable was type of task selection
control and the dependent variable was cognitive load, which consisted of intrinsic load,
extraneous load, and germane load, as well as learning success. Analysis of variance was
conducted to compare the cognitive load and learning between the three groups. The
significance level was set at 0.05. The Statistical Procedures for Social Sciences version 24.0
was used to code and analyze the data.
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Results

Effects of Task Selection on Learners’ Cognitive Load

The SC group had the highest intrinsic cognitive load (M = 10.73; SD = 3.10), and the SHC
group had the lowest intrinsic cognitive load (M = 9.40; SD = 2.26). The LC group had the
greatest extraneous cognitive load (M = 10.33; SD = 2.47), and the SC group had the lowest
extraneous cognitive load (M = 8.33; SD = 2.13). The SC group had the highest germane
cognitive load (M = 14.13; SD = 5.09) (see Table 5).

Table 5
Descriptive Statistics for Cognitive Load and Knowledge Transfer (N=45)

Intrinsic load Extraneous load  Germane load Transfer
Types of control n
M SD M SD M SD M SD
System control 15 10.73 3.10 8.33 2.13 14.13 5.09 4.93 0.70
Shared control 15 9.40 2.26 9.07 3.22 9.60 4.01 4.80 0.49
Learner control 15 10.33 2.47 14.07 4.79 9.20 2.14 4.30 0.77

ANOVA for cognitive load revealed that the types of task selection control had a statistically
significant effect on extraneous cognitive load [F'(2,42) =11.59, p <.001, =.36] and germane

cognitive load [F (2, 42) = 3.35, p < .05, N = .26], but not intrinsic load [F (2, 42)=1.01, p >
.05] (see Table 6).

A post hoc Tukey test showed that the differences between the extraneous cognitive loads of
the SC and LC groups (p = .000) and between the SHC and LC groups (p = .001) were
statistically significant. A post hoc Tukey test also showed that the differences in the germane
cognitive loads of the SC and LC groups (p = .005) and SHC and LC groups (p = .011) were
statistically significant. These results mean that the SC and SHC groups experienced
statistically significantly less extraneous cognitive load than the LC group. However, there was
no statistically significant difference in the extraneous cognitive loads experienced by the SC
and SHC groups. Furthermore, the SC and SHC groups experienced statistically significantly
similar germane cognitive load that was statistically significantly more than the LC group.
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Table 6
ANOVA of Cognitive Load

Type of load Sources SS df MS F p 0’
Intrinsic load Between groups 14.04 2 7.02 1.01 373
Within groups 291.87 42 6.95
Total 305.91 44
Extraneous load Between groups 292.04 2 146.02 11.59 .000* 356
Within groups 529.20 42 12.60
Total 821.24 44
Germane load Between groups 225.24 2 112.62 7.24 .000* 256
Within groups 653.73 42 15.57
Total 878.98 44
*p <.05
Table 7

Post hoc Tukey Test Results for Cognitive Load

Cognitive Load Sources Type of control
System control Shared control Learner control
Intrinsic Cognitive System control 1.33 (.358) 40 (.909)
Load Shared control -1.33(.358) -.93 (.60)
Learner control -.40 (.909) .93 (.60)
Extraneous System control -.73 (.839) -5.73 (.000**, -1.61)
Cognitive Load Shared control .73(.839) -5.0 (.001*, -1.41)
Learner control 5.73 (.000**,1.61) 5.0 (.001%*, 1.41)
Germane Cognitive System control 40 (.964) 5.13 (.005%*, 1.21)
Load Shared control -.40 (.964) 4.73 (.011*,1.11)
-4.73 (.011%, -

Learner control -5.13 (.005%*, -1.21) 111)

*p<.05 **p<.001

Effects of Task Selection on Knowledge Transfer

The SC group had the highest transfer success (M = 4.93; SD = 0.70), followed in decreasing
order by the SHC group (M = 4.80; SD = 0.49) and the LC group (M = 4.30; SD = 0.77) (see
Table 5). The ANOVA test for transfer success showed that task selection type statistically
significantly affected knowledge transfer success, F' (2, 42) = 3.35, p < .05 (see Table 8). A
post hoc Tukey test showed that the differences in knowledge transfer success between the SC
and LC groups (p =.005) and the SHC and LC groups (p = .011) were statistically significant.
Both the SC and SHC groups had statistically significantly greater knowledge transfer success
than the LC group.
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Table 8
ANOVA of Knowledge Transfer

Sources SS df MS F p n”
Between groups 2.98 2 1.49 3.35 .045% 138
Within groups 18.67 42 0.44
Total 21.64 44

*p <.05

Table 9

Post hoc Tukey Test Results for Knowledge Transfer

Sources Types of control
System control Shared control Learner control
System control .20 (.950) 2.20 (.005*, 1.23)
Shared control -.20 (.950) 2.0 (.011%*,1.12)
Learner control -2.20 (.005%*, -1.23) -2.0(.011%,-1.12)
Discussion

This study was conducted to investigate the effect of task selection approach type for emphasis
manipulation on knowledge transfer success and cognitive load. Therefore, this study was
conducted to answer the following research questions: “What are the effects of different task
selection strategies on learners’ cognitive load during emphasis manipulation sequencing?”
and, “What are the effects of task selection strategies on knowledge transfer during emphasis
manipulation sequencing?”

Effects of Task Selection on Learners’ Cognitive Load

The findings indicated that there were no statistically significant differences in intrinsic
cognitive load between the SC, LC and SHC groups. Intrinsic cognitive load is determined by
the complexity of the content being learned, such as the number of components to be learned
and how they interact (Jung, et al., 2016). This finding indicates that there was no statistically
significant difference in the groups’ prior knowledge or learning experiences and that task

selection strategies did not have statistically significantly different effects on intrinsic cognitive
load.

The results revealed that the system-controlled approach to emphasis manipulation was the
most effective in reducing extraneous cognitive load and enhancing germane cognitive load.
In contrast, the learner-controlled approach to emphasis manipulation produced the highest
extraneous cognitive load and the lowest germane cognitive load. Because working memory
capacity is limited (Sweller, 1988), reducing extraneous cognitive load is an important part of
increasing germane cognitive load. Related research has shown increasing germane cognitive
load can help learners secure more cognitive space for acquiring complex skills (Jung et al.,
2019; Paas & Sweller, 2012; Renkl & Atkinson, 2003). The findings suggested that the system-
controlled approach to emphasis manipulation effectively decreased unnecessary cognitive
load by providing learners essential learning tasks based on their prior knowledge. In addition,
it can be assumed that the learners in the SC group did not experience the expert reversal effect,
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as redundant information would have been eliminated by this approach (Sweller, 2010).
However, the learner-controlled approach, which allowed learners to select learning tasks but
gave them no guidance on necessary learning tasks, seemed to increase cognitive overload.
These results imply that learners in the LC group experienced difficulty in accurate task
selection and performed unnecessary learning tasks, potentially leading to extra cognitive
work. Thus, even though learner control is typically perceived as an instructional approach that
enhances learners’ motivation (Corbalan et al., 2008), if learners attempt to learn all possible
constituent components without any guidance about what is most essential, they may
experience unnecessary cognitive load.

Although previous studies have shown that personalised task selection with shared control
decreases extraneous cognitive load (Kostons et al., 2020) and increases germane cognitive
load (Corbalan et al., 2006), the findings of this study were partially consistent with previous
studies. The results demonstrated that the shared-controlled approach to emphasis
manipulation is less effective than the system-controlled approach in optimising cognitive load,
whereas it was more effective than the learner-controlled approach in diminishing extraneous
cognitive load and increasing germane cognitive load. This study’s results showed that
personalised advice can help learners with task selection. This effect would likely be stronger
for novice learners who are less able to accurately assess their own performance and choose
learning tasks that fit their learning needs than experienced learners (Kostons, van Gog, & Paas,
2009).

In the meantime, the shared-controlled approach overcomes the difficulty of learner task
selection compared to the learner-controlled approach by providing information about
necessary learning tasks (Corbalan et al., 2006). The findings of this study provide evidence
that a shared-control task selection strategy provides learning tasks that exclude repetitive
learning tasks based on learner expertise, which may be more effective in controlling cognitive
load compared to not providing such information. Therefore, this study suggests providing
personalized learning information should be implemented to support accurate task selection by
learners in order to support learning success.

Effects of Task Selection on Knowledge Transfer

In this study, the SC group had the best scores on the knowledge transfer test. The system-
controlled approach emphasised essential learning tasks and excluded redundant learning. The
findings imply that the learners in the SC group could effectively coordinate and integrate their
prior knowledge and new information by focusing on learning the tasks in which they were
weakest. Previous studies have shown that personalised learning based on learners’ expertise
leads to successful learning (Kalyuga & Sweller, 2005; Salden et al., 2004). This study provides
empirical evidence that the personalised task sequencing of complex tasks leads to better
knowledge transfer outcomes. A different study found that giving learners task selection
opportunities increased their motivation and helped them engage in self-regulated learning
(Salden et al., 2006). However, in this study, the SHC and LC groups that had control over task
selection had worse learning outcomes than the SC group, which only had access to the learning
tasks in which they were the weakest. This result indicates that learners did not have sufficient
knowledge to select the learning tasks that were the most suitable to their needs.

The findings suggest that a task selection strategy that only provides essential learning tasks in
consideration of learners’ prior knowledge can effectively lead to success in learning by
allowing learners to learn only the learning tasks in which they were weakest. Previous
researchers have recommended using shared-controlled instruction to overcome the limitations
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of learner-controlled instruction (Corbalan et al., 2006). As shown by the SHC group’s higher
scores on the knowledge transfer test, providing learners with a list of suggested learning tasks
based on their expertise appears to eliminate repetitive and redundant learning tasks and
thereby promote knowledge transfer. This result is partially consistent with the empirical
evidence that shared control is more efficient than either system control or learner control alone
(van Meeuwen et al., 2018). Although the findings of this study indicated that the SC group
had higher scores than the SHC group, given that the SHC group had better transfer scores than
the LC group, it can be assumed that the task selection strategy of providing learners with a list
of suggested learning tasks is more effective than not providing any learning information. Thus,
the findings of this study provide empirical evidence that providing information about essential
learning tasks can help learners select necessary learning tasks and improves knowledge
transfer acquisition in contexts that use emphasis manipulation.

Conclusion and Limitations

This study investigated the effects of task selection strategies for emphasis manipulation on
cognitive load and knowledge transfer. Three task selection strategies for emphasis
manipulation were tested: system control, learner control and shared control. The system-
controlled task selection approach to emphasis manipulation was found to be the most effective
in optimising cognitive load and enhancing knowledge transfer. The results were consistent
with previous studies of how personalised task sequencing focusing on learners’ weaknesses
can improve learning (e.g. Camp et al., 2001; van Merri€nboer et al., 2002). In addition, the
findings demonstrated that the system-controlled task selection strategy which provided
necessary learning tasks based on learners’ prior knowledge was effective in eliminating
redundant information and preventing the expert reversal effect. The shared-controlled task
selection strategy for emphasis manipulation was also found to be more effective than the
learner-controlled task selection strategy. These findings revealed that providing learners with
individualised information about essential learning tasks can help them select necessary
learning tasks and achieve their learning goals (Corbalan et al., 2006).

In this study, it was hypothesized that allowing learners to select their own learning tasks would
increase their motivation and improve learning outcomes as a result. However, the LC group
had the most control over their task selection strategy, but learners did not have sufficient
expertise to accurately select the most suitable tasks and, as a result, had the worst learning
outcomes. Taken together, the results indicate that learners should be provided with
information about how to select learning tasks when they are allowed to do so. Learners should
be allowed to select learning tasks according to their prior knowledge level. In addition,
learners should be presented essential information regarding how to select meaningful learning
tasks.

This study has some limitations. First, the study focused on task selection strategies for
emphasis manipulation in complex learning contexts. However, there is a need for more
research on investigating task selection strategies suitable for novice and more experienced
learners. Second, in this study, we investigated the effects of task selection on cognitive load
and knowledge transfer. Future research should diversify the dependent variables to include
motivation, engagement and self-efficacy. Third, this study only had 45 participants in total.
More data is needed to examine the effects of task selection strategies in emphasis manipulation
with various domains of expertise.
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Abstract

Online machine translation (OMT) tools are not exclusively designed for language learners;
however, these tools are popular among them. This quantitative study investigated the
perceptions and attitudes of Turkish speaking EFL learners and instructors in a university
English program regarding the use of OMT tools. Two online questionnaires were administered
to 462 Turkish-speaking learners and 34 instructors. The results revealed that 94% of the
learner participants reported using OMT tools for their language learning studies. The learners
predominantly used these tools for single-word or phrase translations. Reading and writing
assignments were the main areas where the learners most frequently referenced to OMT tools.
The learner participants thought the accuracy of the tools was not high, and the ethicality of
using them depended on how they were used. Three-quarters of the instructor participants
reported using OMT tools, and their judgements concerning the accuracy of these tools were
more positive than the learners’. The results also revealed a mismatch between learners’ and
instructors’ perceptions and attitudes regarding OMT tools in foreign language learning.
Accordingly, the instructors often overestimated how much learners use OMT tools, while
learners underestimated the instructors’ interest in them. These findings suggest policies should
be developed within language learning institutions to guide students’ use of OMT tools, as well
as improve the mutual understanding between students and teachers in terms of their ethicality.

Keywords: attitudes, EFL, language learning, Google Translate, machine translation,
perceptions
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In today’s age, students and instructors easily and freely benefit from a variety of online tools.
Machine translators are among the most frequently referred online tools by learners. Free
online machine translation (OMT) tools such as Google Translate offer written, voice and other
types of translations between many languages. Practicality, ease of use, and free access to such
websites and apps have made these tools very popular, especially among language learners.
Scholars and educators, on the other hand, have varying reflections regarding the use of these
tools in language learning. While some institutions do not allow students to use these tools, and
some educators have reservations about their use for classwork or assignments on academic
integrity grounds (Correa, 2011; Harris, 2010), others have looked for effective ways to make
use of OMT tools (Benda, 2014; Chandra & Yuyun, 2018; Garcia & Pena, 2011).

Despite increasing interest, many institutions have not produced clear-cut policies regarding
the use of OMT tools by students, nor have they specified the possible beneficial applications
of these tools to aid language learning and teaching (Glendinning, 2014). Language teachers
have also been struggling with the appropriate ways to approach the issue of their students’
increasing use of machine translation. Besides, empirical data regarding the use of OMT tools
in foreign language (FL) and second language (SL) education is very limited. Some studies
have tried to describe the use of these tools by learners and teachers (Briggs, 2018; Clifford et
al., 2013; Jolley & Maimone, 2015; Nifio, 2009; O’Neill, 2019). Some other researchers have
looked into possible ways to make use of these tools as Computer Assisted Language Learning
(CALL) tools (Benda, 2014; Chandra & Yuyun, 2018; Garcia & Pena, 2011; Knowles, 2016;
Lee & Briggs, 2021; Tuzcu, 2021). Others have focused on the issue from the perspective of
academic misconduct (Correa, 2011; Groves & Mundt, 2015; Harris, 2010). Only a handful of
these studies were exclusive to the context of English as a foreign (EFL) or second language
(ESL). This suggests a significant lack of literature regarding the use of OMT tools in EFL,
especially in the Turkish context.

The aim of this study was to address the lack of literature regarding the use of OMT tools by
learners of English in the Turkish context. Conducted in a Turkish university EFL context, the
purpose of the study was three-fold. First, the study aimed to describe the attitudes and
perceptions of English language learners regarding OMT tools in terms of frequency of use,
effectiveness, and ethicality for learning English. Second, the study aimed to explore the same
issues from the perspective of instructors. Finally, the study aimed to document the thoughts
of learners and instructors about each other’s perceptions of OMT tools. To accomplish these
aims, the present study was designed to address the following research questions:

1. How often and for what purposes do EFL learners use machine translation tools, and
what are their perceptions and attitudes regarding the effectiveness and ethicality of
these tools in learning English?

2. How often and for what purposes do English instructors use machine translation tools,
and what are their perceptions and attitudes regarding the effectiveness and ethicality
of these tools in EFL education?

3. What are students’ and instructor’s beliefs regarding each other’s views on OMT use?

The results of this study would help reveal how OMT tools are used and perceived by students
and instructors. In turn, such information would be instrumental for language teachers and
administrators in the process of making policy about OMT tool use in EFL education. Together,
the results may also prove useful to material designers, test developers, and educational
software designers.
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Literature Review

Translation has been one of the oldest means of language teaching. For centuries, language
teachers have used the grammar-translation method, teaching their students how to analyse the
grammatical structure of a target language and translate texts. The introduction of other
teaching methods, such as the Direct Method and the Communicative Language Teaching, has
emphasised communicative proficiency in foreign language learning. Thus, making use of
students’ first language has become a rather overlooked tool to present or explain new
language, and it is commonly referred to as mother tongue facilitated teaching (Richards,
2015).

Printed dictionaries have always been a necessity for language learners, but they have started
to lose their position as a primary resource of the target language. This is partially explained
by continuous developments in the field of OMT and the introduction of smartphones with
internet capabilities. Because of these developments, language learners have started to enjoy
the practicality of online dictionaries and user-friendly software applications that support
online OMT. Since the 1990s, the pedagogical implications of OMT were studied for FL
education, especially in the area of computer-assisted language learning (CALL) (Benda, 2014;
Chandra & Yuyun, 2018; Garcia & Pena, 2011) and their practical and ethical uses (Clifford
et al., 2013; Correa, 2011; Groves & Mundt, 2015; Jolley & Maimone, 2015; Knowles, 2016;
Lee & Briggs, 2021; McCarthy, 2004; Nifo, 2009; Tuzcu, 2021).

Previous Research on OMT Use in Language Education

Nino (2009) attempted to group previous research on machine translation (MT) use in FL
teaching and learning into four areas: “1. Use of MT as a bad model, 2. Use of MT as a good
model, 3. Vocational use: Translation quality assessment, pre-editing and post-editing, and 4.
MT as a “CALL” tool” (p. 242). Nino stated the strengths of MT as a CALL tool by
highlighting features such as “wide availability, immediacy, multilingualism, good lexical
translation, and good simple structure translation” (p. 245). On the other hand, Nifio (2009)
listed “literal translations, grammatical inaccuracies, discursive inaccuracies, spelling errors,
missing cultural references, and unnatural writing” (p. 245 - 246) as drawbacks of MT use in
FL education. It is important to bear in mind at this point that with the advancing M T algorithms
and especially with the introduction of neural machine translation (NMT) in current MT tools
(Briggs, 2018; Ducar & Schocket, 2018), some of the weaknesses identified by Nifio have been
substantially improved since 2009. NMT eliminated major errors involving the translation of
proper nouns, literal translations of idioms, archaic vocabulary suggestions, and discursive
inaccuracies, which has led more students to use OMT in their language studies (Ducar &
Schocket, 2018).

Machine translation as a CALL tool. OMT tools offer many features from speech recognition
to pronunciation; however, the most widely used feature has been translation of written text
between languages. In order to aid students with writing more efficiently, some educators and
researchers have made attempts to employ OMT as a CALL tool. To this end, Benda (2014)
explored the possible benefits of using Google Translate (GT) in his English writing classes.
Working in a Taiwanese context, Benda (2014) concluded that his undergraduate university
students, and language learners in general, are more “...motivated by the need to obtain some
kind of credentialing or certification” (p. 323) rather than learning for communicative purposes.
Therefore, the learners used OMT to achieve higher scores in their writing without properly
checking for the accuracy of the results. Chandra and Yuyun (2018) investigated English
learners’ habits of using GT during essay writing in the Indonesian context. Findings suggested
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that students used GT for three main purposes: vocabulary, grammar and spelling. Data on
vocabulary use indicated that students used GT mostly for translating individual words.
According to Chandra and Yuyun (2018), translating phrases and full sentences was less
common. Because most previous research on OMT tool use in foreign language writing centred
on students with a high level of proficiency, Garcia and Pena (2011) decided to investigate
whether OMT can be considered a CALL tool for beginners and early intermediate level
students. Their findings suggested that with the help of OMT, participants were able to produce
a higher number of words in their paragraphs, proportional to their language proficiency level.
Garcia and Pena (2011) stated that “... the lower their mastery, the greater the help provided
by the MT draft...” (p. 478).

Student and teacher attitudes and perceptions regarding machine translation. Several
scholars explored the attitudes and perceptions of FL students and instructors. Clifford et al.
(2013) investigated the perceptions of language students and instructors regarding OMT use in
FL in the United States. The results indicated that only a small proportion of the 905
participants never used OMT for language studies. In contrast, the majority of OMT users
reported that they preferred Google Translate as their tool of choice, and they used OMT for
individual words. For the next phase of the research, 43 instructors of Romance languages
(Spanish, French, Italian, and Portuguese) were surveyed, and nearly half of them reported
considering OMT use to be equal to cheating. More than half of the faculty regarded OMT as
“not useful” or “somewhat not useful”’ for elementary and intermediate level students. In their
conclusion, Clifford et al. (2013) recommended foreign language teaching policies evolve to
be “proactive and pedagogically forward thinking to develop the best language learning
experience possible” (p. 116).

Jolley and Maimone (2015) set out to explore the perceptions, attitudes, and beliefs of Spanish
learners and instructors regarding OMT tools by evaluating their quality and ethicality. The
results suggested that almost all of the students reported using OMT tools for their language
studies but at varying frequencies. The study found that 65.08% of students reported using
OMT tools for the purpose of translating individual words. The authors posited that many of
the students considered Free Online Machine Translation (FOMT) as “...having a positive
impact on their language learning and want instructors to cover strategies for effective use”
(Jolley & Maimone, 2015, p. 192). A survey of instructors revealed the majority of them used
OMT tools for teaching or personal needs. Like the students, the instructors judged individual
words to be more suitable for accurate translation via OMT tools. In addition, over 60% of the
instructors felt the accuracy of longer text translations to be ineffective. In terms of ethicality,
instructors’ perceptions deviated from that of their students. More than 85% of the instructors
considered OMT use for texts longer than individual words to be “unethical” or “equal to
cheating”. Similarly, Baskin and Mumcu (2018) found that higher-level students used GT less
for sentence translations as they considered these tools ineffective for effective writing.

Academic misconduct and misuse issues of OMT in language learning. The literature on
OMT use in FL education reveals that while students regard OMT use as relatively ethical, it
is common for language educators to be disapproving of their use on ethical grounds (Clifford
et al., 2013; Correa, 2011; Groves & Mundt, 2015; Jolley & Maimone, 2015; Knowles, 2016;
Nifio, 2009). Nifio (2009) found that nearly half of participating instructors considered OMT
use as cheating, and more than two-thirds disapproved of their use in language learning.
Similarly, Jolley and Maimone (2015) found that 85% of instructor participants thought OMT
use for assignments with texts longer than individual words was cheating, while a much lower
percentage of students considered such use as cheating. Correa (2011) surveyed SL instructors
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to find out their opinion about academic dishonesty. One questionnaire item about the use of
OMT (Using an online translator for one or more sentences (if use of dictionaries is permitted)
was marked as academic dishonesty by more than half of the instructors. Similarly, Knowles
(2016) surveyed 20 Romance language instructors for their perception of OMT use. Their
findings showed that nearly half of the participants agreed or strongly agreed that OMT use
equated to cheating, while only a small proportion disagreed or strongly disagreed with the
notion.

In light of previous research, the goal of the present study is to better understand the perceptions
and attitudes of Turkish language learners and instructors regarding the use of OMT tools in
EFL education.

Method

The present study adopted a quantitative research design. Two separate online questionnaires
(described below) were administered via Google Forms to collect data from student and
instructor participants. The questionnaires were piloted first in four different universities with
volunteering students and instructors. After the implementation of suggested modifications, the
questionnaires were administered in the target setting.

Participants
In the study, two groups of participants, namely student participants and instructor participants,
were involved.

Student participants. The student participants were recruited from an English Preparatory
Programme (EPP) at an English-medium university and were not proficient in English. Out of
631 eligible Turkish speaking students enrolled in the EPP during the data collection period,
462 students participated in this study. In terms of language proficiency level, 138 (29.8%)
participants were repeating students, and they were placed in Repeat (A2+) and B1 groups. The
remaining 324 (70.2%) first-year students were placed in one of four levels within the EPP
(Beginner, Elementary, Pre-Intermediate, and Intermediate). Male students accounted for 267
participants, and 174 participants were female. Twenty-one participants did not specify their
sex. Student participants ranged in age from 17 to 34, with a mean of 20.

Instructor participants. Thirty-six instructors were employed at the EPP. Three spoke
English as their native language, and 33 were native speakers of Turkish. Thirteen instructors
held a Master’s degree, and two held a PhD. Out of the 36 eligible instructors, 34 (94.4%) took
the online questionnaire. Twelve of the participating instructors were male, and the remaining
22 were female. The instructor participants ranged in age from 26 to 63, with a mean of 36.

Online Questionnaires

The questionnaires used in the present study were modified versions of those employed by
Jolley and Maimone (2015). Permission to use and modify the questionnaire items were kindly
granted by the authors. Accordingly, items 7-22 and 30-33 were modified to suit EFL education
in the Turkish context. This was necessary since the original questionnaires were designed for
Spanish learners in the United States. One other reason for modifications was to gather more
accurate frequency data. This was necessary because the frequency options used by previous
studies (always — often — sometimes — rarely — never) were found to be misunderstood by
participants. For example, the option “sometimes” for one participant may mean a unit of
frequency that covers a day or, for another, a week. To address this issue and gather more
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accurate overall usage data, the present study employed the following options: Never - a couple
of times a year - a couple of times a month - a couple of times a week - once a day - multiple
times a day.

The online questionnaire for student participants included 27 items across four sections. The
first section addressed the participants’ habits of OMT use and their expectations from these
tools. The five items in the second section addressed student participants’ perception of output
quality of OMT tools and ethicality or appropriateness of using OMT tools for their English
language studies. The multi-part items in this section focused on the perception of the
participants regarding the length of the translated segments and the language activities for
which they use OMT tools. The third section included items regarding student perception of
the instructor views about OMT. The last section was designed to gather data about the
demographic and background information.

The online questionnaire for instructor participants included 30 items in four sections. The first
section was about their habits of OMT use and teaching practices involving OMT tools. The
second section addressed the participants’ perception of the output quality of OMT tools. The
third section included items addressing the participants’ perception of their students’ use of
OMT tools for different language activities in terms of the length of translated segments, output
quality, and appropriateness. The fourth section was designed to gather demographic
information.

Procedures

In the present study, all of the participants were informed of the objectives of the study, and
what they were expected to do, through online information forms. This information included
the purpose of the study, a brief description, assurance of anonymity and confidentiality, and
how their data would be used. It was also explained that they had the right to withdraw from
the study at any stage or time. To maintain anonymity and confidentiality, names of the
participants were not requested. In addition, the name of the university where the study was
conducted was not provided in any part of this study to make the participants unidentifiable to
persons from the same context and university.

Both the student and instructor questionnaires were administered at the end of the semester
when students were taken to a computer lab to complete a course evaluation. The students
stayed in the computer lab for an extra 15 to 20 minutes to respond to the online questionnaire.
The students who needed more time to complete the questionnaire could do so by clicking on
the link they received via email after pausing the questionnaire. The instructor participants
received their online questionnaire through personalised emails. They were requested to
complete the questionnaire within two weeks.

The Google Forms platform was used to create and administer the questionnaires. Each
participant was presented with a consent form together with the questionnaire. Since the present
study is descriptive in nature, the frequencies for the items were produced for descriptive
analysis. Coded data provided by the survey platform were analysed in IBM SPSS Statistics
25 software.

Findings

The following sections present and discuss the key findings obtained from analysing the data
collected via the two questionnaires.
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OMT Tools and Features Used by EFL Students

The results indicated that the majority of student participants (94.4%) reported using OMT
tools for language studies. Google Translate was found to be the most commonly used online
OMT tool, used by 82.2% of participants. This tool was followed by Yandex Translate, which
was selected by 51 (11.5%) participants, and Microsoft Translator, which was chosen by 17
(3.8%) participants. When asked about the features of OMT tools student participants used,
425 (95.7%) participants selected written translation, making this the most commonly used
feature. Nearly 200 participants (44.1%) indicated that they used the pronunciation feature in
these tools. The voice translations feature was selected by 142 participants (31.9%). Forty-
three participants (9.6%) selected visual/image translation; 20 participants (4.5%) chose
handwriting translation; 15 participants (3.4%) chose translation of conversations, and nine
participants (2.2%) chose translation of uploaded documents.

Frequency of EFL students’ use of OMT tools. Frequency of use is one of the most critical
aspects of the presence of OMT tools in language learning. Determining how frequently and
with what purposes these tools are used by learners provides language educators with some
perspective as to how students use OMT tools. These findings are presented in the following
sections.

Frequency of ELF students’ overall use of OMT tools. A vast majority of student
participants (94.4%) reported using OMT tools. A breakdown of the overall frequency of use
indicates that more than half of the students (52.4%) reported using them multiple times a day.
In contrast, only 3.9% of students stated that they never used these tools. Additionally, when
the responses were grouped as less frequent and more frequent, the results indicated a very
high frequency of OMT tool use among participants (see Figure 4).

Responses indicated a decreasing trend in OMT tool use based on the length of translated
segments. The majority of participants (91.9%) stated that they used these tools for single
words a couple of times a week or more. For phrases, the percentage of frequent users was
substantial at 78.8%. For sentences, more than half of the participants (59.4%) stated they used
OMT tools a couple of times a week or more. When it came to translating paragraphs, the
percentage of participants who infrequently or never used OMT tools accounted for 78.8%. For
entire texts, only 13.7% of participants reported using OMT tools (see Figure 1).
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Figure 1
Frequency of EFL Student Participants’ OMT Tool use by Segment Length, in Percentages
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Frequency of EFL students’ use of OMT tools for reading and writing assignments. The
responses by student participants revealed the frequency of their OMT tool use for different
stages of reading (pre-reading, while reading, post-reading, reading assignments). A
descriptive analysis of the frequencies showed that students were more inclined to use OMT
tools for reading assignments rather than in-class reading activities (46.4% vs. 40.7%,
respectively). Never was the most frequently chosen option for both situations. As for responses
regarding the different stages of reading, students tended to use OMT tools most frequently
during the post-reading stage (66.2%) and least frequently during the pre-reading stage
(47.7%).

Comparable to the trend in reading activities, the use of OMT tools for writing assignments
was higher than that of in-class writing activities (53.4% and 44.4%, respectively). More than
half of the respondents (54.7%) reported using OMT tools for editing, and a similar percentage
(54.1%) stated they used OMT tools for while-writing activities. Planning was the stage where
students made use of the OMT tools the least (45.3%).

EFL Students’ overall perception of the effectiveness of OMT tools. As for the students’
perception of the effectiveness of OMT tools, 29.5% of the participants found OMT tools
effective or very effective overall for English to Turkish translations, while 23.6% found them
ineffective or very ineffective. A majority of the participants considered the results somewhat
effective, with a percentage of 46.8. For Turkish to English overall translation effectiveness,
the tendency shifted toward ineffective with 27.5% of participants choosing ineffective or very
ineffective against 22.3% choosing effective or very effective.

These results suggest a decreasing trend in the perceived effectiveness of OMT tools as text
segments get longer. For single words, 70.5% of participants found OMT tools effective or very
effective. For phrases, 50.9% deemed OMT tools effective or very effective. For sentences, the
percentage of participants who found OMT tool effective or very effective fell dramatically to
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12.8%, while 39.2% of students thought they were ineffective or very ineffective. For
paragraphs, 73% found them ineffective or very ineffective. For entire texts, the number of
participants who found OMT tools very effective dropped below one percent. In total, 78.4%
found them ineffective or very ineffective (see Figure 2).

Figure 2
EFL Student Participants’ Perceptions of the Effectiveness of OMT Tools Based on Segment
Length, in Percentages
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EFL students’ perceptions of the ethicality of using OMT tools for assignments. Along
with the frequency of use and the perceived effectiveness of OMT tools, the concept of
ethicality for students was investigated. Accordingly, for reading and writing assignments,
53.9% and 53% of participants considered OMT use ethical or completely ethical. Around 20%
of the participants deemed the use of these tools as unethical or completely unethical for both
types of assignments. For grammar assignments, 51.5% thought OMT tool use was ethical or
completely ethical, while 24% considered it unethical or completely unethical. For the
presentation and video assignments, 56.1% considered OMT tool use ethical or completely
ethical, while 18.6% considered it unethical or completely unethical (see Figure 3).
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Figure 3
Student Participants’ Perception of the Ethicality of Using OMT Tools for Assignments in
Percentages
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The student questionnaire included a section about student participants’ perception of the
ethicality of using OMT tools to translate language units of different lengths. Translating single
words using OMT tools received the highest positive ethicality rating (81.6%). Phrase
translations showed a similar trend, with 71.4% of participants considering OMT use ethical
or completely ethical. However, as the segments got longer, the trend started to reverse. For
sentence translations, 46.8% considered OMT use ethical or completely ethical, while 26.8%
thought it was unethical or completely unethical. A more dramatic change in the perception of
ethicality manifested itself for even longer segments. For paragraph translations, 45.9% of
participants considered OMT use unethical or completely unethical. For entire text translations,
51.1% of participants deemed it unethical or completely unethical.

OMT Tools and Features used by EFL Instructors

Written translation was the most frequently used feature of OMT tools, which was selected by
all 25 participants. For ten participants (40%), pronunciation was the second most common
feature. Five participants (20%) chose translation of uploaded documents, 4 (16%) participants
chose voice translation, and 3 participants (12%) chose visual/image translation. One
participant added “tramslation of an entire web page” which was not an option on the
questionnaire.

Frequency of EFL instructors’ overall use of OMT tools. About a quarter (26.5%) of the
teacher participants indicated that they never used OMT tools for personal and teaching
purposes. The majority (82.4%) of the remaining participants reported using OMT tools a
couple of times a month or less. Only 5.9% reported using them once a day or multiple times a
day. The results reveal that the instructors’ use of OMT tools is not nearly as frequent as that
of students (See Figure 4).
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Figure 4
Frequency of OMT Tool use by EFL Instructors and Students
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Figure 4: Frequency of OMT tool use by EFL instructors and students

EFL instructors’ perceptions of the effectiveness of OMT tools. Participants refrained from
reporting OMT tools as very ineffective or very effective. No participant considered translations
produced by OMT tools for Turkish to English or English to Turkish as very ineffective, and
only 2.9% of the participants deemed English to Turkish translations as very effective. For
English to Turkish translations 56% of participants reported OMT tools as effective or very
effective overall, while 16% found them ineffective. For Turkish to English translation, 36% of
participants found OMT tools effective overall, while 28% found them ineffective. In total,
around 30% of the participants rated OMT tool as somewhat effective for translating in both
directions.

The results from the instructor questionnaire bear both similarities and differences to those of
students. Like students, instructors found OMT translation results from English to Turkish
more effective. However, while the majority of students chose the midpoint option (somewhat
effective) for both translation directions, instructors had a more positive perspective regarding
the quality of OMT translations by leaning more to the effective side.

The data gathered from the participants regarding their perceived effectiveness of OMT tools
revealed that 60% of the participants considered the tools effective or very effective for single
word translations. The perceived effectiveness of the OMT tools fell to 44% for phrases, and
12% thought the results were ineffective for phrases. For sentence translations, the participants
on the effective or very effective side accounted for 48%, while those who considered them as
ineffective accounted for 24%. For paragraph and entire text translations, 36% and 24% of the
participants considered OMT as an effective tool, respectively.

These findings were important as they displayed the only increasing trend when it came to the
perceived effectiveness of segments of different lengths translated in OMT tools. That is,
instructors rated the effectiveness of sentence translations as higher compared to phrase
translations (48% vs. 44%). For longer segments, the perceived effectiveness fell again. This
fluctuation was not observed in the student data.
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EFL instructors’ perception of overall ethicality of students’ use of OMT tools for English
assignments. With regard to the ethicality of students using of OMT tools for English
assignments, 2.9% of the instructor participants reported considering it ethical, while no
participants considered OMT use unethical. Seventy percent of the participants reported that it
depends on how MT tools are used for English assignments, while 26.5% of the instructor
participants were not sure if MT use for assignments were ethical or not. This finding suggests
that more than a quarter of the instructor participants did not have enough experience or
exposure to OMT tools to form a judgment concerning their ethicality. Considering the finding
that 87.9% of students use these tools more than a couple of times a week, this lack of an
ethicality judgement on the part of instructors was an important finding. While more than half
of the students considered using OMT for their language assignments ethical, more than a
quarter of the instructors had yet to form their judgment on the issue, probably due to their lack
of interest in the subject. Similar to the student participants, instructors considered using OMT
tools for reading assignments mostly ethical. Nearly 60% of the instructor participants
considered OMT use ethical or completely ethical. In contrast, 70.6% of instructors thought
using such tools for writing assignments as unethical or completely unethical. Only 11.8% of
instructors considered the use of OMT tools for writing assignments ethical or completely
ethical. For grammar assignments, the majority of instructors again leaned to the ethical side
at 47.1%. However, the highest number of unsure participants regarding the ethicality of using
OMT tools for assignments was found in this category with 23.5%. Regarding presentation
assignments, 47.1% of the instructors considered OMT tool use as unethical or completely
unethical. On the other hand, 38.2% considered this kind of use as ethical or completely ethical.

EFL instructors’ perception of the ethicality of students’ use of OMT tools based on
segments of different lengths. Like the student participants, instructor participants thought
that OMT use to translate single words was tolerable in terms of ethicality. Specifically, 88.2%
considered OMT use ethical or completely ethical, while only 2.9% considered it completely
unethical. For phrase translations, 47.1% considered OMT use ethical or completely ethical,
while 5.9% considered it unethical or completely unethical. When it comes to translating
sentences, more than half of the participants (52.9%) considered OMT use ethical or completely
ethical, while 32.4% considered it unethical or completely unethical. Again, like the student
participants, when it comes to longer segments, more instructors leaned towards the unethical
side. For paragraph translations, 67.6% considered OMT use unethical or completely unethical.
For entire text translations, 70.6% considered it unethical or completely unethical. For the
entirety of this section, around 15% of the participants chose the option unsure. This may
suggest that instructor participants need further clarification on the ethicality of OMT tool use
for FL education (see Figure 5).
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Figure 5
EFL Instructor Participants’ Perceptions of the Ethicality of Students Using OMT Tools Based
on Segment Length
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EFL Student Instructor Beliefs Regarding Each Other’s Views on OMT Use

In order to reveal how accurately the two participant groups evaluated each other’s perception
of OMT use, they were presented with a series of statements. Accordingly, when asked about
how often student participants believed their instructors used OMT tools, 25.5% chose never,
and around 40% chose a couple of times a month or less. This suggests 65% of students thought
their instructors used OMT tools infrequently. When compared to data from the instructor
questionnaire, however, it is striking that students guessed the percentage of instructors who
never used OMT tools quite accurately (25.5% vs. 26.5%). However, in terms of overall
frequency, students overestimated the number of instructors who used OMT tools a couple of
times a week or more (34.9% vs. 17.6%). On the other hand, instructors overestimated the daily
use of OMT tools by students. Self-reported total use of OMT tools once a day or multiple
times a day by students added up to 61.7%; however, the instructors’ guessed 85.3%.

There was a considerable discrepancy between students’ self-reported use of OMT tools for
reading and writing assignments and the perception of their instructors. While 46.4% of the
students reported using OMT tools frequently (sometimes, often, and always) for reading
assignments and 53.4% for writing assignments, the instructors reported thinking 85.3% and
88.3% of students used them frequently, respectively.

The student questionnaire included the following statement for participants to indicate their
level of agreement: Our instructors consider these tools as helpful to the language learning
process. Nearly one-third (32.2%) of the participants reported they agreed or completely
agreed with the statement, while 23.4% disagreed or completely disagreed, and 44.4% were
unsure. According to self-reported instructor responses, 26.5% of the instructors indicated that
they thought these tools were helpful in the language learning process. These similar results
indicated that the students had a good grasp of their instructors’ attitude about this issue.

The student questionnaire also included the following statement for participants to agree or
disagree with: [ feel proficient in using these tools for language learning. More than half
(58.7%) of the students agreed or completely agreed, which was very close to the number of
students who reported using these tools once a day or more (61.7%). The instructors thought
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44.1% of the students felt that they were proficient in using these tools. Exactly half of the
instructors were unsure about the statement.

The students were also asked to indicate their level of agreement for the following statement
regarding their instructors’ attitudes towards students’ use of OMT tools: Our instructors
encourage us to learn to use these tools in appropriate ways. More than one-third (34.4%) of
the students agreed or completely agreed with the statement. On the other hand, 28.4%
disagreed or completely disagreed, and 37.2% were unsure. The instructor questionnaire
included the following statement regarding the issue: [ think students should be encouraged to
learn to use these tools in appropriate ways. More than half (53%) of the instructors agreed or
completely agreed with the statement, while 8.8% disagreed or completely disagreed, and
38.2% of the participants were unsure. The small discrepancy between the percentage of the
student and instructor participant groups with regard to the encouragement item might indicate
that instructors thought that students should be encouraged, but they simply did not do so in
the classroom themselves, or some students might be ignoring the encouragement provided by
their instructors.

Discussion

In this section, the study’s findings are discussed with regard to the issues raised by the research
questions, which included student and instructor perceptions and attitudes about OMT use and
their perceptions of each other’s perceptions and attitudes.

Discussion of EFL Students’ Perceptions and Attitudes

The results of the study revealed a large number of participants use OMT tools for features that
go beyond simple translation tasks and are not available in traditional dictionaries. This is
similar to existing findings in the literature (Briggs, 2018; Clifford et al., 2013; Jolley &
Maimone, 2015; O’Neill, 2019). For example, many students prefer Google Translate as the
main provider of OMT, and the most commonly preferred feature is written translation.
Vocabulary was reported to be the area where students used OMT tools heavily in the previous
literature (Clifford et al., 2013; Jolley & Maimone, 2015; O’Neill, 2019). The results of the
present study are in line with the existing literature. In addition, the results concerning the
frequency of use for text of different lengths bore similarities with the findings of Chandra and
Yuyun (2018) and Jolley and Maimone’s (2015), which indicated that the majority of students
reported using OMT tools for single words and only a few students used them for longer texts
(e.g., paragraphs or entire texts). This may be due to the language level of the students. Novice
language learners in preparatory programs are often not exposed to complex language
structures; therefore, there might be less need to translate longer segments of text. The need for
longer text translation may emerge in more proficient stages of language learning, which
should be investigated through future research.

In terms of the perceived effectiveness of OMT tools, the findings bear similarities with that
of Jolley and Maimone (2015). Inversely proportional results can be observed where longer
segments resulted in lower perceived effectiveness. A similar trend to frequency and
effectiveness of OMT tool use for different lengths of text was observed in terms of ethicality.
The shorter the text segments, the higher the positive ethicality attributions. As the length of
the segments increased to sentences and paragraphs, the perceived ethicality of OMT use fell
dramatically. When considered together with the frequency data, these trends can be considered
further evidence that students do not approach OMT tools uncritically in terms of translation
effectiveness and ethicality. Students’ preference for refraining from OMT use for longer texts
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may show that they do not use the tools for solely pragmatic reasons. Instead, the quality of the
final text-based product and the appropriateness of their work is also important. Therefore,
students avoid using OMT tools when they think the results are not of high quality or might
violate ethical norms.

Discussion of EFL Instructors’ Perceptions and Attitudes

The findings suggest that compared to students, instructor participants referenced OMT tools
much less frequently for teaching purposes or personal use. As for the quality and effectiveness
of OMT results for English to Turkish and Turkish to English translations, instructors held a
more positive view than students. The significance of these findings becomes more pronounced
when analysed together with the overall frequency data. Accordingly, students used OMT tools
much more frequently than instructors, although their overall ratings of the results were lower
(nearly 30% considered the results effective or very effective). The convenience of OMT tools
may be one reason why students keep referring to them despite doubting their quality. The
results may also suggest that students are not very good at judging the quality of the translations
produced by OMT tools, whereas instructors are more comfortable using the OMT output to
express meaning in English and Turkish. This might be an opportunity for instructors to explain
to students how they decide whether or not an OMT is effective.

In terms of ethicality, unlike Clifford et al.’s (2013) findings, the instructor participants in this
study refrained from judging OMT use as cheating. Instead, a significant proportion thought
the ethicality judgment depended on how the tools were used by students. For example, the
student and instructor participants agreed that it was ethical to use OMT tools for shorter
segments of written text (e.g., single words, phrases). The two groups also found OMT use
ethical for reading tasks. In contrast, the majority of instructors felt OMT use was unethical for
writing tasks, which was different from the student perspective. Since writing is a productive
skill, usually requiring creative production from students, instructors may be less tolerant about
OMT use for such tasks. To limit student use of OMT during writing assignments, instructors
may need to introduce new rules restricting internet use. In this way, instructors can make sure
the writing tasks are students’ original work, and students can practise producing written work
unaided by OMT.

Discussion of Participants’ Perceptions of Each Other’s OMT Use

The findings revealed that the participants tended to overestimate each other’s OMT tool use.
In line with Jolley and Maimone’s (2015) findings, instructors reported feeling that students
rely on OMT tools for their language learning activities. In addition, the majority of the
instructor participants did not think OMT tools were helpful for students. They also felt
students were aware of this attitude. On the other hand, instructors overestimated students’
attitudes about how helpful OMT tools are for language learning. It can be argued that the more
teachers know their students’ learning attitudes and habits, the better they can guide them in
the learning process. In turn, this may suggest that if instructors know students’ real usage and
perception of OMT tools, they can address issues arising from OMT use more precisely and
effectively. When instructors know their students do not refer to OMT tools, regardless of the
learning activity and the length of text, and that they have some reservations regarding their
quality and ethicality, instructors may be able to focus on making effective use of OMT for
language teaching.
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Conclusions and Implications

This study provided notable insights into the use of OMT tools in EFL teaching and learning
in the Turkish context. One important result was that the vast majority of the EFL learners
made use of OMT tools in order to aid their learning. This was done on a frequent basis. Given
the novelty of OMT tools and their swift adoption by language learners, these findings suggest
that researchers, language policy makers, educators and educational technology developers
need to look deeper into this topic.

Another valuable finding was that a substantial proportion of learners used OMT tools for
reading and writing assignments. The amount of use for in-class activities was slightly lower.
It is apparent that banning or discouraging OMT tools is of little use as they are easy to access
and widely available as long as learners have devices and connectivity. Therefore, teachers and
administrators should either find new ways to limit the use of OMT tools by students for graded
or ungraded schoolwork or, better yet, teachers and school administration may team up to
discover new ways to integrate such tools into learners’ academic work. In a study with Turkish
EFL students, Tuzcu (2021) found that using OMT during writing activities increased creativity
and improved students’ “fluency, flexibility, originality and elaboration” (p. 48). Similarly, in
a study with EFL learners in the Korean context, Lee and Briggs (2021) found that after OMT
revisions, student errors in writing decreased significantly. Such innovative efforts to utilise
OMT for instructional purposes may yield valuable benefits beyond efforts to limit or ban their
use.

Another noteworthy finding has to do with the perceived effectiveness of the translations
produced by OMT tools. Accordingly, students rated the results of these translations as being
less accurate than their instructors. This curious finding may signify a conflict within student
thinking. One the one hand, they do not think OMT tools are totally accurate. On the other,
however, they continue to use them frequently. The answer to this puzzle might be found in
how they described these tools. In data from the open-ended sections of the questionnaire, the
student participants described OMT tools most frequently with adjectives such as “easy to use”
and “quick”. It may be imperative to note that the participating students in this study were
almost entirely millennials. Millennials are also considered to be digital natives, who are,
according to Prensky (2001) “used to receiving information really fast. They like to parallel
process and multi-task” (p. 4). Based on Prensky’s description, it might be argued that the age
and generational characteristics of the student participants could be a factor leading them to
use OMT tools in their language studies. In other words, they value their convenience and
speed. With this insight, educators, dictionary developers, and material designers should
consider that, for millennials, speed and ease of access are vital aspects of engaging in learning
activities.

More than a quarter of the instructor participants reported never having used OMT tools, and
for several sections of the instructor questionnaire, between a quarter to half chose the unsure
option. Considering how frequently OMT tools are used by students for classwork and
assignments, the instructors’ lack of exposure might be considered alarming in terms of
ensuring a healthy FL learning environment. It is recommended that instructors familiarise
themselves with OMT tools and find potential ways their students may benefit from using them
in their studies.

Finally, the results related to the third research question suggested there is a significant
mismatch between learners’ and instructors’ thoughts regarding each other’s use of OMT tools
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in FL learning. In order to overcome these discrepancies, language teachers, policymakers, and
school administrators may define clear policies regarding the use of OMT tools in language
classes. The instructors may be briefed through seminars and workshops regarding these
policies, and they should inform their students regarding the established rules.

There are a number of limitations which must be noted in the present study. First, the setting
for the study was one university. That is, both participant groups were from the same university.
This limited the sample size and reduced the generalisability of the findings. Second, compared
to the number of student participants (n=462), the number of instructor participants was much
smaller (n=34). A larger sample size with more instructors from other universities may have
yielded more generalisable results.
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Abstract

Access to mobile learning (mLearning) opportunities has become widespread and continues
to proliferate as a means of educational continuity during the COVID-19 pandemic. Due to
such proliferation, guidance is needed to inform the design of mobile learning content from
both learning and accessibility perspectives. Though evidence-based recommendations for
mobile learning message design do not currently exist, prior research in multimedia learning
and instructional design-related areas may be used to support the planning and production of
such educational programming. Design efforts for mLearning would also benefit from the
incorporation of strategies to enhance the accessibility of mLearning for learners with
differing needs. Taking evidence-based practices from instructional design and universal
design for learning could inform the future development of mLearning toward more effective
learning experiences for all learners. Employing a design and development methodology, this
study focused on the creation of evidence-based guidelines for mLearning content design,
informed by prior research on instructional message design combined with recognized
universal design principles for media-based learning. The study resulted in a set of
considerations to guide the message design of accessible and effective mLearning
experiences. The resulting guidelines underwent validation by expert reviewers representing
the areas of instructional design, message design, universal design, and mLearning. Their
feedback informed the final version of the guidelines produced as the outcome of this study,
research-based considerations which can be practically applied by those responsible for the
creation of mLearning instruction.

Keywords: accessibility, instructional message design, mobile learning
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Mobile devices, for the purpose of education, have become a popular way for students to learn
and access information (NMC Horizon Report, 2017). Uther (2019) stated that “Mobile
learning has become one of the more influential aspects in the field of educational technology
given the ubiquity of modern mobile devices and proliferation of educational applications or
‘apps’ for mobile devices” (p. 1). Mobile screens have the ability to support classroom
learning in various capacities and settings (Pegrum, 2019). Researchers see the potential of
mobile learning because of its portability, cost effectiveness, and communication features
(NMC Horizon Report, 2017). McQuiggan, McQuiggan, Sabourin, and Kosturko (2015)
define mobile learning as, “the experience and the opportunity afforded by the evolution of
the educational technologies, it is anywhere anytime learning enabled by instant on demand
access to a personalized world filled with tools and resources” (p.8).

With the widespread use of mobile devices in education for teaching and learning purposes,
there is a need to ensure that information presented on the mobile device screen is designed
to help learners comprehend the information displayed. Effective instructional message
design is crucial for learning to take place. An instructional message is, “a pattern of signs
(words, pictures, gestures) produced for the purpose of modifying the psychomotor, cognitive,
or affective behavior of one or more persons” (Fleming & Levie 1993, p. x). An instructional
message also, “provides a setting for new information that is conveyed by a message”
(Gibbons, 2014, p. 215).

With the popularity of mobile devices for learning purposes, instructional designers must
adhere to sound instructional design principles to generate meaningful and effective
instructional material. A design that adheres to evidence-based design principles will place
images, spoken language, and printed words in proper combinations to maximize instructional
effectiveness (Wang & Shen, 2012). A careful and comprehensive study of existing literature
confirms earlier studies which indicate that very little empirical exploration has been
conducted related to design strategies for mLearning (Haag & Berking, 2015; Saleh & Bhat,
2015; Shen, Wang, Gao, Novak, & Tang, 2009; Vincent-Layton, 2015; Wang & Shen, 2012;
Wishart, 2009). As a result, there is a need for more systematic research focusing on
instructional message design for mLearning in order to design engaging and accessible
instructional materials for mobile devices.

Literature Review

Mobile learning, in contrast to other forms of distance education, is unique. Tereshchenko,
Zagorskaya, Polyanskaya and Bobritskaya (2020) stated that learning using mobile devices
offers new opportunities for students and teachers. Along with the flexibility and affordability
of mobile technologies, challenges related to mLearning design are also present. Wang and
Shen (2012) note the constraints of designing instruction to work effectively across a wide
variety of sizes and formats. As such, Vavoula and Karagiannidis (2005) proposed that care
should be taken to design mLearning content effectively from a learning standpoint.

Research-based strategies for the design and development have been noted in the literature.
Vincent-Layton (2015) states:

There are few resources published that offer comprehensive mobile lessons and

concrete methods to effectively implement mobile learning into the classroom.
Educators need specific guidelines and model examples of mobile lessons to fully
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understand how to create the lesson, what to consider when developing, and how to
successfully integrate it into the classroom (pp. 149-150).

Other researchers have noted the need for evidence-based guidance related to mLearning
design. For example, Shen, Wang, Gao, Novak and Tang (2009) also indicated that, “the best
practices for using mobile devices in teaching and learning are still unknown. Systematic
studies are needed to investigate student and instructor experiences with mobile learning” (p.
539). Additionally, Haag and Berking (2015) mentioned that, “Instructors, educators, and
instructional designers are quickly adopting mobile technology in their learning environments,
but strategic design considerations and proven pedagogical practices have not been
systematically documented” (p. 42). With prolific adoption of mLearning around the world,
especially in response to the COVID-19 pandemic, practical research to inform mLearning
design is essential.

Mobile Devices and User Interface Design

User interface design for small screens is one of the prominent challenges in the development
of mobile devices, mostly because of the small size and functionality of such mobile devices
(Gong & Tarasewich, 2004). “Mobile platforms have called for attention from HCI
practitioners, and, ever since 2007, touchscreens have completely changed mobile user
interface and interaction design” (Punchoojit & Hongwarittorrn, 2017, p.1). The design
features of the user interface on a mobile device are an important aspect of the device to ensure
efficient and effective usability. Punchoojit and Hongwarittorrn (2017) further stated that
“although mobile platforms are becoming an indispensable part of daily lives, true standards
for mobile UI design patterns do not exist” (p. 1).

Mobile devices also lack some affordances of standard computing technologies. For example,
computers present a landscape view which, while possible on a mobile device, is not the
typical approach to its use. To ensure that learners who are using these devices get the most
out of it, care must be taken to consider the design constraints, as well as the many possibilities.
Uden (2006) states that “mobile applications must be carefully designed to justify the
limitations of their size, lower processing power, and low bandwidth” (Uden 2006, p .82).

Multimedia Theory for mLearning Design

The psychological principles from multimedia learning theory, long applied in the design of
computer-based instruction, hold the potential to inform mLearning message design.
Multimedia learning theory is grounded in the fact that instructional messages should be take
into consideration how the human mind works (Mayer, 2001, 2005, 2009). Mayer (2009)
describes multimedia learning as the presentation of instructional materials in words and
pictures to ensure that learning takes place. Mayer (2009) explains that by “words,” he means
that the material is presented in a verbal form which is printed or spoken text. By “pictures,”
he means pictorial forms which include using still graphics such as illustrations, graphs,
photos, or maps, or dynamic graphics such as animations or video. He further suggested that
the goal of multimedia learning is:

To minimize extraneous cognitive processing during learning (i.e., cognitive
processing that does not serve the instructional goal), to manage essential processing
during learning (i.e. cognitive processing needed to mentally represent the essential
material), and to foster generative processing during learning (i.e., cognitive
processing aimed at making sense of the material). (Mayer, 2013, p. 395)
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More recently, Clark and Mayer (2016) derived eLearning design principles from the earlier
multimedia-related research of Mayer (2001, 2009). According to these authors, there are
eight principles that instructional designers can follow to design instructionally sound
eLearning materials. These principles include: multimedia, modality, contiguity,
redundancy, coherence, personalization, segmentation, and pre-training principle (Clark &
Mayer, 2016). Additionally, these scholars provided theory-based, concrete guidance for
operationalizing these principles in e-learning environments, serving as a possible foundation
for mLearning instructional development.

Universal Design of Instruction for mLearning

When considering plans for mobile learning design, it is important to also look at design
strategies that are inclusive, meaning that everyone partaking in instructional content will
benefit from it. According to Burgstahler (2012), universal design for instruction (UDI)
centers on this inclusion to address a wide array of individual learner differences. UDI has
been an important consideration for electronically delivered educational experiences since the
early days of e-learning. In 1997, The Center for Universal Design at North Carolina State
University developed a set of universal design principles that continue to inform accessible
design strategies across disciplines and environments. These principles include: equitable use,
flexibility in use, simple and intuitive use, perceptible information, tolerance and error, low
physical effort, and size and space considerations. Since then, interest in universal design for
learning has continued to grow, reflecting many of these early principles. The current global
pandemic has accelerated the define strategies for making mobile learning more accessible to
all (Taildong & Toquero, 2021).

Need for the Study

Research conducted so far shows that mLearning is a growing trend as a learning delivery
modality and the momentum it has taken will keep accelerating. Hanbridge, Tin, and
Sanderson (2018) state that, “it is anticipated that mLearning will grow quickly in the next
few years” (p. 119). As such, McQuiggan et al. claim that “the future adoption of mobile
learning and the success of such efforts requires continuous awareness and integration of new
technologies and functions” (2015, p. 333). The proliferation of mLearning underscores the
imperative to develop evidence-based guidance for the design and development of effective
mobile learning experiences, especially in the wake of the COVID-19 pandemic (Pebriantika,
Wibawa, & Paristiowati, 2021).

Purpose of the Study
The purpose of this study was to propose a set of instructional message design guidelines for
mobile learning content development, based on prior research in the areas of instructional
message design and universal design for learning. A design and development research
methodology was used to coalesce findings from the literature into a set of evidence-based
mLearning design considerations. The resulting considerations are proposed for use by
content developers and instructional design professionals in the overall instructional design
process for mobile learning experiences.

Research Questions

The following research questions were used to guide this study:

(1) What evidence from prior research in the areas of instructional message design and
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universal design be used to inform mLearning content design?
(2) How can such evidence be translated in a set of message design guidelines for the
development of mLearning content?

Methodology

This study employed a design and development method of research. Design and development,
as defined by Richey and Klein (2007) is, “the systematic study of design and development
and evaluation process with the aim of establishing an empirical basis for the creation of
instructional products and tools and new or enhanced models that govern their development”
(p. 1). Design and development research addresses two different types of inquiry: product and
tool research (Type 1) and model research (Type 2). The proposed study employed product
and tool research. This approach includes all of the processes leading to the production of an
instructional or non-instructional tool (Richey & Klein, 2007). To address concerns regarding
areas of validity, causal inferences, generalizations and interpretation, and anticipation of
problems in this type of study, Richey and Klein (2007) have recommended that experts with
differing areas of specialization should be used for tool review.

Instrumentation

The survey for the expert reviewers consisted of three sections and 27 questions representing
the specific guideline categories and validity factors. Section One focused on the general
overview of the considerations and included a yes/no question to provide consent. Section
Two of the survey focused on obtaining data about specific factors associated with the
considerations. These factors included general design, functionality, text, color, video and
audio, and graphics. Section Three emphasized the elements of design and development
research recommendations. Sections of the survey inquired about the clarity of individual
guideline categories and asked for any suggestions to improve them.

Study Procedures

The study employed three phases in its overall design. The first phase (Analysis) was to
identify relevant design principles to guide mLearning creation. This involved a literature
review of instructional message design principles (multimedia principles), universal design
principles (universal design of instruction), and best practices for mobile user interface design.
The second phase (Development) involved taking the findings from the research and
formulating a set of principles. This was achieved through synthesizing Clark and Mayer’s
(2016) multimedia principles, universal design principles, and mobile user interface design
best practices. In the third and final stage (Evaluation and Revision), feedback and
recommendations were gathered from five expert reviewers and revisions were made to the
considerations based on their feedback. Institutional Review Board (IRB) approval was
obtained before formal emails were sent to recruit potential reviewers.

Phase 1: Analysis. The guideline development process began with a comprehensive literature
review of relevant topics pertaining to the research. The importance of doing a literature
review is essential as it uncovers the knowledge gap and informs the study (Webster & Watson,
2002). The essential literature review areas covered for the study included instructional
message design, principles for designing for mobile learning (mLearning), universal design
principles, and mobile interface design.

Literature that was gathered for the study was carefully analyzed to determine relevance to
the guideline development process. The articles, books, and other resources were critically
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evaluated for any recurring ideas. Key areas included Clark and Mayer’s multimedia
principles (2016) and their interpretations, universal design principles for mediated
instruction, empirical studies supporting each principle, applicable mobile interface design
best practices, and any other content areas needed for the considerations.

Phase 2: Development. After analyzing the relevant literature, key research findings and best
practices from the articles and resources were grouped as they aligned with multimedia and/or
universal design principles. The purpose of engaging in this activity was to organize ideas to
ensure that resources for each classification were easily accessible once the guideline building
process began, as well as to ensure that each area was supported with credible evidence.

After careful analysis, four main categories were identified. These included statements of the
principle, explanations of the principle, supporting literature, and how to operationalize
considerations for designing instruction for mobile phones. These four categories organized
the resources for easy understanding and interpretation. The final stage of categorizing the
resources was to operationalize the considerations for designing for mobile phones based on
the evidence presented. At this stage, thought went into the challenges of mobile phone use
and how the principles might be applicable for designing content. These were stated in simple
and easy to understand terms so that content developers and instructors could easily
conceptualize how the principles could be used in the mobile phone content development
process. Appendix A reflects Mayer’s Multimedia Principles (2016) and the correlating
recommendations operationalizing these principles based on relevant literature. Appendix B
represents the outcomes of the literature analysis related to the Center for Universal Design’s
principles for universal design for instruction (1997). These foundational principles set the
initial standards for the creation of accessible design, based on input from experts across a
broad array of design sciences. Since their inception, these recommendations remain widely
used to inform accessible web design (Zheng, 2021).

Following the identification of key design considerations from instructional message design
and universal design literature, further synthesis was conducted to consolidate and organize
these factors into overarching mLearning design recommendations. These guidelines were
organized for application, with ease of use and functionality as key design priorities. Upon
careful consideration, the following categories were chosen to frame the synthesized
recommendations: general design principles for content and presentation, designing for
context and function, and guidance for adding text, video and audio, animation, graphics, and
color. The general design principles and specific suggestions for designing for function were
stated first so that designers can easily access them for specific forms of content. Table 1
represents the culminating guidelines for mLearning message design.
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Table 1

Guidelines for mLearning Message Design

General Content
Design

Design instructional text using a simple and clear
writing style.

Limit concepts to one per screen.

Use speech input as a viable alternative for text entry.
Limit the use of external links.

Include a menu or table of contents for easy navigation
of instruction.

Apply consistency in the use of design elements like
color, font, graphics, etc.

Keep sentences short.

Be consistent with navigation functions.

Avoid the need for excessive scrolling.

Preview the content on a variety of mobile phone
screens.

General Content
Presentation

Design content in small units.

Deliver content in the simplest possible formats.
Present information in multiple formats, such as a
combination of text, graphics, and/or video.
Avoid small font size to ensure legibility.

Check text for readability

Design for Context

Provide a clear and consistent way to return to the
home screen.

Make buttons easy to click/use with one hand.
Navigation should provide easy access to help, both
technical and instructional.

Design for Function

Include the ability to review previously viewed
content.

Provide the opportunity to stop and start module
activities as desired.

Design content such that mobile users can readily view
content, despite device screen size.

Avoid pop-ups, mouse-overs, or auto-refresh for
mobile content.

Use cloud-computing file storage and sharing to
address storage and access needs.

Explore the use of speech recognition as a plausible
means of entering information.

Adding Text

Avoid the inclusion of text that duplicates audio
narration information.

Use text signaling strategies such as outlines,
headings, highlighting, bolding, or pointer words (e.g.,
first, second, etc.) to draw attention to salient points.
Use sans-serif fonts to increase legibility.

Make textual content as concise as possible.
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Adding Video and » Segment video and audio files into smaller chunks,

Audio when possible.

* Add captions to video content and transcripts to audio
content. Text-to-speech features can assist with this
process.

* Provide easy and accessible controls for video/audio
playback (pause, go back, go forward).

Adding Graphics * Add appropriate graphics to textual content to help
visualize concepts.
* Add alt-text descriptions to graphics.

Adding Color * Use contrasting colors to increase legibility of text.

» Use color for visual cueing.

» Keep color coding consistent throughout the content
design.

» Use contrasting colors to highlight and draw attention
to key concepts.

» Use a color contrast checker to preview color selection
decisions.

Phase 3: Evaluation and revision. Five expert reviewers were recruited from the areas of
instructional ~ message  design, instructional  design, mobile learning, and
accessibility/universal design based on their expertise and scholarly reputation in these areas.
These reviewers provided an evaluation of the proposed guidelines based, using a customized
rubric created by the researchers to record their suggestions and feedback. Perspectives and
recommendations from the reviewers were synthesized and revisions were made to the
guidelines based on their collective input. Revisions that fell outside of the scope of the study
were not addressed, such as a suggestion to create an app for guideline application.

Results

Overall, the expert reviewer feedback indicated that the guidelines would be helpful to
instructional designers and content developers. Four out of five reviewers agreed that the
proposed design strategies are likely to effectively improve the quality of mobile learning in
distance learning experiences. Three of the experts also agreed that the organization of the
considerations, a key design feature based on the synthesized literature, supported the purpose
and use of the final product. Additionally, each of the reviewers provided feedback about the
practicality and effectiveness of the proposed design guidelines, and indicated possible
challenges related to their use. Some concerns were expressed about factors such as lack of
designer expertise or project time constraints posing barriers for guideline usage for
mLearning development. Each reviewer also provided feedback for revision of the
considerations, with most recommendations focused on the technical writing style,
nomenclature related to message design terms, and structuring of the recommendations to
match the applicable design task. Much of the feedback provided was incorporated into the
final version of the guidelines in Table 1, with some recommendations falling beyond the
scope of the proposed study.
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Discussion

The design and development activities in this study, framed by the following research
questions, culminated in the final set of message design considerations for mLearning content:

(1) What evidence from prior research in the areas of instructional message design and
universal design can be used to inform mLearning content design?

(2) How can such evidence be translated in a set of message design guidelines for the
development of mLearning content?

Decades of inquiry and theory-based principles in the areas of multimedia learning,
instructional message design, and universal design provided relevant insights to inform the
aesthetic and functional design of mLearning content. Analysis and synthesis of these findings
generated a practical collection of message design considerations for instructional content
developers charged with mLearning creation that is accessible and effective.

A field test will be necessary to further validate the use of the proposed considerations (Richey
& Klein, 2007). Such testing should be conducted with instructional designers, user
experience design professionals, and potential faculty users, with the opportunity to apply the
considerations in their natural environment. Formative evaluation should be performed at
every stage, and changes made to enhance the usability and effectiveness of the
considerations. Further systematic research should be conducted on the impact of instructional
message design decisions, such as those proposed herein, on both student and instructor
mLearning experiences.

Conclusion

The use of mobile phones for accessing online content has become a common phenomenon
in online learning (Statistica, 2017) and has experienced exponential growth during the
COVID-19 pandemic as a means of instructional continuity (Pebriantika, Wibawa, &
Paristiowati, 2021). However, a long-standing need for research has existed to inform the
design of mLearning content, given its unique aesthetic features and functional affordances
(Gao, Novak, & Tang, 2009; Haag & Berking, 2015; Saleh & Bhat, 2015; Shen & Vincent-
Layton, 2015; Wang & Shen, 2012; Wang & Wishart, 2009). This study offers guidance for
designing mobile learning experiences, drawn from prior relevant research and best practices
in multimedia learning, instructional message design, and universal design for learning. As
Beirne and Romanoski (2018) state, “growing numbers of students are looking for more
flexible formats for undertaking courses, certificates, and degree programs” (p. 1). Given that
mLearning adoption and growth will likely continue into the future, it is even more important
that evidence-based guidance, such as the message design considerations provided herein, is
available to inform the design of mobile learning courses and programs.
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Mobile Learning Design Considerations by Multimedia Principle

Principle Principle How to Operationalize Supporting
Explanation for mLearning Design Literature
Multimedia Presentation of Add appropriate People who learned
Principle content should be | graphics to from words and
(Mayer 2001, a combination of | text content to help graphics produced
2009) both words and learners’ between 55 percent to
images. (Mayer, get the most of meaning | 121 percent more
2005). from the content. correct solutions to
transfer problems than
Present information in people who learned
multiple formats. from words alone
(Clark & Mayer,
2016).
People developed a
deeper understanding
of how the human
heart works from text
with simple
illustrations than from
text alone (Butcher,
2006).
Modality Students learn Avoid creating Students performed
principle better from a animation with better on a transfer test
(Mayer 2002, combination of narration and onscreen after receiving a
2009) animation and text as this could cause narrated animation on
narration than cognitive overload. lightning formation
from animation Choose narration when | than after receiving the
and on-screen possible and avoid same animation with
text. (Mayer, narration with text at on-screen captions that
2002) the same time. contained the same
words as the narration
(Moreno & Mayer,
1999).
Contiguity The effectiveness | Place printed words Moreno and Mayer
Principle of multimedia near corresponding (1999) found that
(Mayer 2002, instruction images or other media students performed
2009) increases when to bring more meaning better on a transfer test
words and to content. after viewing an

pictures are
presented near
each other in time
or space (Mayer

animation about
lightning in which
printed words were
placed next to the part
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& Anderson, of the lightning system
1992). they described than
when printed words
Learners build were placed at the
connections bottom of the screen as
between a caption.
corresponding
words and
graphics (Mayer,
2009).
Redundancy People learn Avoid including on- Avoid e-learning
principle better from screen text with a courses that contain
(Mayer 2002, concurrent narrated graphic as that | redundant on-screen
2009) graphics and will be duplicating text presented at the
audio than from information. same time as on-screen
concurrent graphics and narration
graphics, audio, (Clark & Mayer,
and on-screen 2016).
text (Clark &
Mayer, 2016). Learning from a
diagram or graph is
Students learn hurt by the addition of
better from textual information
animation and that redundantly
narration than explains with words
from animation, what the diagram or
narration, and on- graph already shows
screen text pictures (Chandler &
(Mayer, 2002). Sweller, 1991).
Coherence People learn Avoid adding Consistency of “look
principle more deeply from | extraneous material and feel” should be the
Mayer (2002) a multimedia which is not included in | same across multiple

message when
extraneous
material is
excluded rather
than included.
Student learning
is improved when
unneeded words
or sound are
eliminated from a
multimedia
presentation
(Mayer, 2002).

instructional goal or not
relevant to the
understanding of the
content.

platforms. Elements
of mobile interfaces
such as names, color
schemes, and dialog
appearances should
have consistency in
functionality (Gong &
Tarasewich, 2004; Lal,
2013; Shneiderman, &
Plaisant, 2010).

When pictures are
used only to decorate
the page or screen,

Rather than they are not likely to
extensive improve learning
narrative (Clark & Mayer,
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descriptions,
stick to concise
presentation of
the content

2016).

(Clark & Mayer,
2016).
Personalization Students learn Use a conversational People learn better
principle better when style of writing unless from a narrated
(Mayer 2002, words are otherwise specified animation on lightning
2009) presented in when creating content formation when the
conversational for students. Use the speech is in
style rather than first or second person in | conversational style
formal style your narration or text. rather than formal
(Mayer, 2002). style (Moreno &
Mayer, 2000b).
Use
conversational People work harder to
rather than understand material
formal style. Use when they feel they are
polite wording in a conversation with
rather than direct a partner rather than
wording and use simply receiving
human voice information (Beck,
rather than McKeown, Sandora,
machine voice Kucan, & Worthy,
(Clark & Mayer, 1996).
2016).
Segmentation People learn Design mobile content Design content as
Principle more deeply in small or unit sections | small, self-contained

(Mayer, 2002)

when a
multimedia
message is
presented in
learner-paced
segments rather
than as a
continuous unit
(Mayer, 2009).

to enable learners better
understand without any
overload.

units (Gu, Gu, &
Laffey, 2012).

Learners who received
segmented content
presentation performed
better on transfer tests
than the learners who
received a continuous
presentation, even
though identical
material was presented
in both conditions
(Mayer & Chandler,
2001).

Pre-training
Principle
(Mayer 2002,

People learn
more deeply from
a multimedia

Include names and
characteristics of main
concepts at the

People performed
better on problem-
solving transfer tests
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2009) message when beginning of mobile when a multimedia
they have first content when designing | lesson was preceded
learned the a module to help by pre-training in the
names and leaners gain awareness names and
characteristics of | of each major characteristics of each
the main component. key component
concepts (Mayer, (Mayer, 2009).
2009).

Signaling People will learn | Use text signaling Signaling of visual

Principle more efficiently strategies such as material includes

(Mayer 2002, if the lesson is outline, headings, arrows, flashing, and

2009) designed to call highlight, bolding, spotlighting. For

attention to the
most important
material

(Mayer, 2009).

People learn
better when cues
are added to
highlight the
organization of
essential material
(Mayer, 2009).

pointer words such as
first, second etc. when
designing mobile
content to draw
learners’ attention to
salient points.

example, in a narrated
animation on how an
airplane achieves lift,
students performed
better on a transfer test
if the narration
included an initial
outline, headings, and
voice emphasis on key
words (Mautone &
Mayer, 2001).
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Mobile Learning Design Considerations by UDI Principle

abilities, preferences,
schedules, levels of
connectivity, and choices
in methods of use (Elias,
2011).

have smaller screens
and bigger screens can
still access the content
they need.

Do not use pop-ups,
mouse hover, or auto-
refresh for mobile
contents. Inputting text
data into small devices
can also present
challenges for the user.

UDI Explanation How to Supporting
Principle Operationalize for Literature
mLearning design
Equitable The design is useful and Deliver content in the Cater for universal
use marketable to people simplest possible usability and
with diverse abilities. formats. Short recognize the diverse
Messaging Systems users (Shneiderman &
Develop content and (SMS), or texting Plaisant, 2010).
assignments that can be technology is
accessed on a wide inexpensive and given | Design for multiple
variety of devices. its high levels of and dynamic contexts,
penetration, is configure output to
Course content should be | universally accessible | users’ needs and
accessible to people with | (Elias, 2011). preferences (e.g., text
diverse abilities and in size, brightness)
diverse locations Given the small (Gong & Tarasewich,
(Elias, 2011). storage capacity of 2004).
most smart phones and
do not have a big
storage capacity, using
cloud-computing file
storage and sharing
sites may be a better
option.
Flexibility | Accommodating a wide Design content such Ensure that lives take
in use range of individual that mobile users who | precedence because

mobiles are contextual
and are used alongside
people’s actual lives
(Hoober & Berkman,
2012).

Do not use pop-ups,
mouse hover, or auto
refresh (Lal, 2013).

Should be Intuitive
and easy to use. The
interface should be
simple enough for
anyone educated or
not to use
(Subramanya & Yi,
2006).
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Simple and | Use design that is easy to | Design the content in The interface should
intuitive understand, regardless of | very simple and easy be simple enough for
use the user's experience, to understand format. anyone to use
knowledge, language Think about designing | (Subramanya & Yi,
skills, or current for the smallest mobile | 2006).
concentration level phone content and
(Center for Universal ensure content will fit Keep learners’
Design, 1997). without cognitive interfaces simple. It
overload. should be ensured that
Unnecessary complexity they contain only
should be eliminated and | Speech input is a information that can
course design rendered viable alternative since | fit comfortably on the
simple and intuitive some devices may be smallest of screens
(Elias, 2011). too small for buttons. (Elias, 2011).
Allow website to scale
for all mobile browser
layouts for both
portrait and landscape
(Lal, 2013).
Perceptible | The design Add captions to video | A video presentation
information | communicates necessary | content and transcripts | should include
information effectively to | to audio content. Use alternative forms of
the user, regardless of text to speech features | the spoken work,
ambient conditions or the | in authoring tools. including captions,
user's sensory abilities descriptors and
(Center for Universal transcriptions
Design, 1997). (Burgstahler, 2009;
Elias, 2011).
Adding captions,
descriptors, and
transcriptions increases
learners’ perception of
the content and reaches
everybody in spite of any
disability (Elias, 2011).
Tolerance | The design minimizes Design content such Users must have some
and error hazards and the adverse that learners can go control over the use of

consequences of
accidental or unintended
actions (Burgstahler,
2012).

Minimize hazards and
adverse consequences of
errors in software
operation by designing
learning environments

back to review content
which was previously
viewed.

Provide opportunity to
reduce error by
allowing mobile
content to be stopped
and started, as well as
revisited.

the device
(Shneiderman &
Plaisant, 2010).

Allow website to scale
for all mobile browser
layouts for both
portrait and landscape
(Lal, 2013).
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with a tolerance for error
(Elias, 2011).

Allow applications to
be stopped, started,
and resumed with
little or no effort
(Gong & Tarasewich,
2004).

Provide word
selection instead of
requiring text input

(Gong & Tarasewich,
2004).
Low The design can be used Limit use of external In addition to radio
physical efficiently, comfortably, links buttons, combo and
and and with a minimum of check boxes, include
technical fatigue (Burgstahler, Use short messaging spinners, sliders, and
effort 2007; Elias, 2011). systems (SMS), or menu for easy
texting technology manipulation which is
which is easy to use usually more efficient
and widely available. and easier to perform
than typing (Nilsson,
Include menu or table 2009).
of content to a module
for easy navigation. Provide information
about level of
progress to make
learners more patience
and anticipate how
long it will take to
complete a module
(Nilsson, 2009).
Size and Appropriate size and Limit to one idea per Design for small
space space are provided for screen. devices and provide

approach, reach,
manipulation, and use
regardless of the user's
body size, posture, or
mobility (Burgstahler,
2007).

Use the phone screen
effectively as it is
small compared with
regular desktop
computer.

Design content in
small units.

word selection instead
of requiring text input
(Gong & Tarasewich,
2004).

Design micro content
items as small, self-
contained and
granular learning (Gu,
Gu, & Laftey, 2012).

Keep screen layout
with plenty of white
space and do not
clutter. Keep one idea
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in one screen, and
don't overload data
(Lal, 2013).
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