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Abstract

The COVID-19 situation in 2020 and the so-called social distancing preventive policy
necessitated the sudden shift of university laboratory courses from a conventional face-to-
face format into an unfamiliar non-face-to-face one. Amidst the unexpected educational
losses worldwide, science education scholars focused on the changes in laboratory
education brought by remote laboratory course format and urged empirical studies on them.
The researcher had two research purposes throughout this study. First, it was to
answer fundamental questions on the essence of laboratory education that were raised
facing the unprecedented global implementation of remote laboratory courses. (Q1) What is
the essence of the laboratory experience from the university to K-12 science education? If
satisfactory learning outcomes are secured to some extent, can (remote) minds-on
experience replace hands-on one? (Q2) Is spatio-temporal co-presence of instructors and
students necessary? (Q3) How can we invite students to an inquiry about natural
phenomena, which would be represented in their scientific writing in their lab report? (Q4)
Do the answers differ according to the characteristics of interaction among instructors and
students and in different cultures worldwide? (Q5) How can we design a laboratory course
that is both effective and adaptive that can be implemented in both normal and emergency
situations? The tentative answers were explored while reviewing theoretical backgrounds
and more direct answers were given while discussing the specific results of this study.
Second, it was to investigate what happened in the university STEM education
sites concerning remote labs necessitated by the COVID-19 in 2020 and provide
implications for future University Remote Laboratories (URLS). More specifically, it was to
rationalize how university instructors implemented their remote labs in the spring semester
of 2020 facing the imminent pandemic (Study 1), investigate the consequence of those

remote labs via university students’ response (Study 2), and prescribe practical guidelines



for future remote lab design (Study 3). The research field of Hankuk University
(pseudonym) initiated and enabled this overall research.

A framework to understand URL as the locus where the components of laboratory
sessions and e-learning intersect was suggested. The reasons for implementing laboratory
or e-learning courses lie in the purpose of laboratory or the promises and requirements of e-
learning. As instructional programs, laboratory and e-learning should consider how the
content is delivered, interactions between learners promoted, and assessment and feedback
are provided. And those three factors in both programs naturally correspond to each other.
The COVID-19 situation made the two strands of educational tradition meet, interplay, and
blended in the various URL courses that emerged in 2020. The characteristics of the URL
courses in 2020 were shaped according to each teaching and learning context, which
includes sociocultural factors. And the lessons from URL instructors and students in 2020
(Study 1 and 2) led the researcher to an extended understanding of blended learning for
laboratory education (see 2.3.4) and raised the need for an instructional design (ID) model
for URLs (see 2.5 and Study 3).

For laboratory in science education, the purpose of laboratory, hands-on versus
minds-on debate, interaction in laboratory, and lab report writing and feedback were
contemplated. For e-learning and effective teaching strategies, the promises and
requirements of e-learning, media presentation, aspects of online interaction, and
assessment and feedback in e-learning were deliberated. For (re-)emergence of remote
laboratory, studies before and after the COVID-19 were reviewed, and its meaning was
revisited. Particularly, understanding remote laboratory as extended blended learning was
suggested, which first blends the hands-on and minds-on laboratory experiences and second
laboratory experiences and learning spaces.

Further, the instructor agency framework in science education was utilized to
interpret the adaptive behavior of university STEM instructors while implementing their
remote lab courses. The sociocultural perspective on Korean science instructors’ agency

elaborated the researcher’s horizon of interpretation in macro-, meso- and micro- level
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structures. Also, the notion of design and development research in educational technology
assured the utility of an ID model that is adaptive and flexible, which includes rapid
prototyping (RP) when eliciting the course module for external validation.

In Study 1, the researcher compared four general remote labs, each for physics,
chemistry, biology, and earth science, that were previously similar, and two major course
labs at Hankuk University. The emergence of URL phenomena was interpreted from a
sociocultural perspective, focusing on the structure posed by the COVID-19 pandemic and
the educational authorities and the agency of university instructors. The macro-level
context of Korea, the meso-level context of Hankuk University, and the micro-level context
of each URL were closely interconnected with each other and the university instructors’
agency. In the spring semester of 2020, instructors’ agency was strongly shaped by the
multi-level structures. However, the implemented URL in each discipline became quite
various due to the endeavor instructors put in. The university instructors’ concerns were
about video materials, data characteristics, limited interactions between them and students,
difficulties in evaluation, and what students could “gain” from the URLs without hands-on
experience. Since the fall semester of 2020, instructors have adapted to the situation,
revised their URLs, and suggested further improvements. Study 1 reveals that university
instructors’ agency led to the emergence of various remote laboratory course
implementations in the context of an imminent emergency.

In Study 2, in step with Study 1, the researcher investigated how Hankuk
University students perceived various remote laboratory course experiences in different
content disciplines. Conducted as a mixed-methods study, online survey responses were
collected from 338 students, and in-depth interviews were conducted with 18 students.
ANOVA and Bonferroni post hoc tests of survey responses found that students’ perceptions
of their URL experiences were significantly different (p < .05) dependent on content
discipline (physics, chemistry, biology, earth science, and other majors). In addition,
student interviews revealed that these differences in perceptions resulted from the different

emergent teaching strategies used in each course. Suggestions were made for clearly setting
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learning objectives, carefully designing videos of experiments, offering collaborative
synchronous online sessions, providing guidance and feedback for lab report writing, and
introducing supportive assessments as strategies for future implementation of remote labs.

In Study 3, the BLEND (Blended Laboratory and E-learning iNstructional Design)
ID model for URL was developed and validated. To respond to the fluctuating instructional
environment of the pandemic, an ID model was promptly constructed and applied in the
authentic learning context, iteratively revising the model with participant feedback. The
research context was an Analytical Chemistry Experiment (ACE) course for pre-service
chemistry teachers. The initial BLEND model was based on a literature review and lessons
from Study 1 and 2 in 2020. For internal validation, six stakeholders participated in the
usability test, and 10 subject-matter experts from various science disciplines and three
educational technology experts provided expert reviews. For external validation, the URL
course module was developed and implemented from the ID model, and seven university
students who took the course responded to online surveys and participated in follow-up
interviews. After two rounds of validation, the BLEND model was confirmed to be
internally efficient and externally effective. The interactions with the instructor and peers,
in particular, were highly appreciated. The finalized BLEND model for URL emphasizes
constant formative evaluation and feedback and structures and visualizes the URL
instructional system at both the weekly and overall course levels. Study 3 is a rare case of
applying a design and development research method to science education.

Some issues were not resolved in this study and need follow-up research: (1) The
interplay between the requirements of remote lab format and the nature of each science
discipline (i.e., physics, chemistry, biology, and earth science) should be scrutinized. (2)
How the experiment video should be designed, shot, and edited remains crucial. (3) An ID
model for open-ended inquiry laboratory is a plausible future research topic. Then, how to
evaluate the open-ended inquiry module arises as an essential prerequisite, which is also an

important research agenda.



The strength of this study lies in its unique research field - Hankuk University in
2020 and 2021. This study seems to have collected extensive data for various remote lab
courses that emerged in the initial situation of the COVID-19. Therefore, Study 1 to Study
3 can be said the attempts that report the URL phenomena during the early stage of the
COVID-19 comprehensively. However, ironically, the COVID-19 situation that shaped the
strength of this study can also be a double-edged sword as time passes and the situation
changes. Consequently, the status of remote teachings, especially of remote labs in the post-
COVID-19 era, is hard to predict.

If we take an optimistic view, our experience of URLs will broaden our
imagination to evolve our laboratory education towards a blended format incorporating
various learning modes across time and space. Indeed, the extended understanding of the
blended learning for laboratory courses could shed some light on the path that overcoming
the old dichotomies such as hands-on versus minds-on, synchronous vs. asynchronous,
physical versus virtual, and place-based versus remote, to proceed toward better laboratory
education.

In contrast, if we take a pessimistic view, we can expect that even our serious
contemplation on remote labs may disappear someday, as many teaching methods did in the
history of education. Therefore, it is recommended to recall fundamental questions on the
essence of laboratory sessions that are rediscovered while we experience remote labs due to
the COVID-19 (Q1-Q5). The easiest way to answer those questions would be by relying on
the peculiarity of the learning objectives in each laboratory course - however, it does not
open the way to more profound contemplations toward the post-COVID-19 laboratory
education.

Instead, more certain answers for the abovementioned questions (Q1-Q5) could be
meaningfully derived from participants' voices throughout this study: (A1) The minimum
firsthand experience should be secured to foster students’ experimentation skills and
provide students chances to engage with unexpected phenomena relevant to tacit

knowledge and the nature of science. Note that a blended learning format can be an
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alternative that provides students with both hands-on and minds-on experiences. (A2)
Instructors and students must have synchronous interactions in a temporal aspect. However,
whether the spatial co-presence is necessary is not so manifest. (A3) If possible, a semester-
long open-ended laboratory class would be the best chance to invite students to in-depth
inquiry thinking. However, the gap between the theoretical prediction and the real
experimental data seems to be the plausible locus where an inquiry may arise for cookbook-
style labs in a practical sense. Therefore, the pre-lab activity, the characteristics of data, and
peer discussions should be designed carefully. (A4) If the culture surrounding the
laboratory education site favors the hand or mind as a cognitive channel or shapes the
interaction between instructors and students vertically or horizontally, the answer would be
yes. (A5) The notion of formative assessment of the instructional system may help make
the laboratory courses more adaptive and flexible in various instructional situations, as in
the BLEND model developed in Study 3.

The instructors and students at Hankuk University in 2020 were genuine agents
who struggled to implement and take URL courses. And their lessons enabled the
development of the BLEND model and the contemplation of the essence of laboratory

sessions toward the post-COVID-19 laboratory education.
Keyword: remote laboratory course, university science education, e-learning, teacher

agency, design and development research, COVID-19
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Chapter 1. Introduction

1.1 Study Background

The word ‘crisis’ has its etymological meaning of “judgment, result of a trial,
selection” from the Greek word xpicig (krisis), which in turn has the meaning of
“decisive point in the progress of a disease,” and also “vitally important or decisive
state of things, point at which change must come, for better or worse.”* Therefore,
when we face the crisis of something, we shall diagnose its state as like it being
interrogated to be sentenced in court or checked up before major surgery, which
would decide its destiny to face essential changes. Therefore, a crisis that comes
with the ‘new normal’ calls for a historical contemplation of what past it has
undergone, its present status, and the necessary changes for the future.

The COVID-19 pandemic outbroke in late 2019 in Wuhan, China, and has
swept the globe rapidly. As the respiratory disease is characterized by its high
contagiousness, essentially all the countries in the world have been swayed since
2020. The influence of COVID-19 reached almost all aspects of our living world,
including politics, economy, society, culture - and especially education. The so-
called social distancing policy ordered schools from kindergarten to university to
be closed at least temporarily. For instance, according to United Nations
Educational, Scientific and Cultural Organization (UNESCO) (2022), more than
1.29 billion K-12 students from 151 countries, about 81.8% of total enrolled
students, were affected by the school closure as of April 20", 2020. Consequently,

previously assumed face-to-face (FTF) teaching and learning practices were

1 https://www.etymonline.com/word/crisis (retrieved May 6th, 2022)
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mandated to shift to non-face-to-face (NFTF) ones, which most educators around
the globe were not prepared to implement in early 2020.

The initial response from educators worldwide was desperate. Most
scholars predicted that the remote teaching environment coerced by the pandemic
would lead to educational losses - i.e., a decrease in students’ academic
performance (Reimers & Schleicher, 2020). The prediction was correct to some
extent. For instance, in Korea, the National Assessment of Education Achievement
data revealed that the ratio of middle students that showed the lowest achievement
level increased in 2020 compared to 2019 (KMOE, 2021). After that, endeavours
to remedy this situation followed throughout levels of educational agents -
international (e.g., UNESCO, OECD, World Bank), national, organizational, and
individual. Most of those were briefing on the current situation, presenting specific
ways to implement remote teaching, and/or calling for innovation in teaching and
learning methods during the crisis (Reimers & Schleicher, 2020; World Bank,
2020; Korkmaz & Toraman, 2020).

In the science education field, soon after the beginning of the pandemic in
2020, articles began to appear that investigated the influence of COVID-19 in
several categories: (1) editorials in journals related to science education that have
urged researchers to engage in the pandemic situation as research context, as it
inhibited the usual science teaching in class (e.g., Siry, 2020; Verma, 2020;
Erduran, 2020); (2) suggestions that public understanding of the science
concerning mask-wearing and vaccination was misled because false information
provoked people’s fear and that the history, philosophy, and sociology of science
would help to overcome this crisis (Reiss, 2020; Erduran, 2021); and (3) reports of

the changes in science teaching and learning in various situations followed.
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Although there have been some case studies from secondary schools (Levrini et al.,
2021; Lee & Kim, 2021a; 2021b), many others have focused on the shift of
university-level laboratories from FTF to NFTF format (Jang et al., 2020; Lee &
Hong, 2021b).

A hands-on laboratory had been one of the most prominent teaching and
learning methods in the previous ‘normal’ science education. The idea of a
laboratory in school science education may be dated back to the 17" century when
John Amos Comenius (1592-1670) emphasized the integration of the sensory
experience and the theoretical understanding of the nature and introducing real
objects into the classroom (Lee & Hong, 2021a). Henry Edward Armstrong (1848—
1937) followed this idea and suggested his heuristic teaching method (Lee & Hong,
2021a). And since the 1980s and until before the COVID-19, science educators
have considered hands-on laboratory the most distinguished learning process in the
discipline (Hofstein & Lunetta 1982; 2004).

Typically, a hands-on laboratory allows students to integrate what they
have learned in theoretical classes into the experimental process, thus acquiring
tacit knowledge, understanding of the nature of science (NOS), and practical skills
(Lee & Hong, 2021b; Domin, 1999; Hofstein & Lunetta, 2004). Students must
usually attend the lab, conduct experiments with colleagues, and write lab reports
weekly in a hands-on laboratory. As preparing for the hands-on laboratory is
burdensome for instructors and requires many resources (Hofstein & Lunetta,
2004), higher education sites have tended to be considered more appropriate for
them than K-12 education (Lowe et al., 2013). Particularly for East Asian countries
such as Korea, Japan, and China, where high school science education emphasizes

science as a fixed product (or content), university laboratories are considered
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crucial for introducing science as a process (Rice et al., 2009). Consequently,
students in STEM fields are usually required to take introductory physics,
chemistry, biology, or earth science labs in their first year and later take major-
level course labs, which can foster their scientific knowledge, skills, and attitudes
that pertain to their own professional or vocational paths (Domin, 1999; Reid &
Shah, 2007). This conventional notion of the hands-on laboratory has been typified
in university STEM education and has not changed significantly over time (Reid &
Shah, 2007; Lee & Hong, 2021b). However, the unpredicted COVID-19 pandemic
has abruptly changed the world, which entailed a global educational crisis (Reimer
& Schleicher, 2020), including science education and laboratory.

As the hands-on science laboratory collapsed during the pandemic, and it
has been acutely problematic for science educators; Particularly university
chemistry instructors have faced the difficult task of designing and implementing
University Remote Laboratories (URLS) (Pertillion & McNeil, 2020; Blizak et al.,
2020; Youssef et al., 2020; Jang et al. 2020). The loss of hands-on experiences
during laboratory was generally unimaginable to science instructors before the
COVID-19 because remote instruction seemed incompatible with the conventional
practice of science laboratories in university — students gather their experimental
data firsthand and interpret it in the light of relevant scientific theory to make
assertions for the phenomena (Domin 1999; Lee & Hong, 2021b).

Manifestly, the COVID-19 situation in 2020 was a crisis for science
educators, which demanded an immediate response to reshape their laboratory
courses. They had to contemplate how they should implement laboratories without
hands-on experience or even they could. Although some have suggested that the

remote settings may lead us to the innovation of laboratory with cutting-edge
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technologies such as augmented/virtual reality (AR/VR) (Ray & Srivastava, 2020;
Hu-Au & Okita, 2021), their visionary thoughts were not applicable in the exact
time of hardship. Instead, the adaptive endeavors of individual university STEM
instructors to implement their remote labs in the time of crisis are worth

investigating (e.g., West et al., 2021; Lee & Hong, 2021b).

1.2 Purpose of Research

The researcher had two research purposes throughout this study. First, it was to
answer fundamental questions on the essence of laboratory education that were
raised facing the unprecedented global implementation of remote laboratories. The
COVID-19 made science education researchers rethink substantial and lasting
guestions on laboratory education (Lee & Hong, 2021b), which envelope the
specific research questions of the component studies in this dissertation (Study 1 to
3). Those questions that re-emerged with a new look due to the COVID-19 are as
follows: (Q1) What is the essence of the laboratory experience from the university
to K-12 science education? If satisfactory learning outcomes are secured to some
extent, can (remote) minds-on experience replace hands-on one? (Q2) Is spatio-
temporal co-presence of instructors and students necessary? (Q3) How can we
invite students to an inquiry about natural phenomena, which would be represented
in their scientific writing in their lab report? (Q4) Do the answers differ according
to the characteristics of interaction among instructors and students and in different
cultures worldwide? (Q5) How can we design a laboratory course that is both
effective and adaptive that can be implemented in both normal and emergency

situations? The tentative answers will be explored in the 2. Theoretical Framework
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and more direct answers would be given while discussing the specific results of
this study.

Second, it was to investigate what happened in the university STEM
education sites concerning remote labs necessitated by the COVID-19 in 2020 and
provide implications for future URLs. More specifically, it was to rationalize how
university instructors implemented their remote labs in the spring semester of 2020
facing the imminent pandemic (Study 1), investigate the consequence of those
remote labs via university students’ response (Study 2), and prescribe practical
guidelines for future remote lab design (Study 3).

The theoretical framework of this dissertation was set considering those
questions. As explicated later, this study understood the remote laboratory courses
as “laboratory teaching and learning implemented in e-learning” (Lee & Hong,
2021b). This enabled illuminating the students’ laboratory experience, aspects of
interaction, and lab report as a product of remote lab as an instructional program in
lights of science education and e-learning theories. To consider laboratory teaching
and learning context (cf. Song & Cho, 2004), the agency of instructors who
designed and implemented remote labs in 2020 will be investigated from the
sociocultural perspective. Also, the utility of an instructional design model, as
suggested in the educational technology field, would suggest a method to develop
design guides for efficient and effective course modules. Note that tentative
answers to the abovementioned questions (Q1-Q5) will be given (in)directly
throughout the 2. Theoretical Framework - meanwhile, more significant answers
will be discussed in 6. Summary and Conclusion, after hearing the voices of

instructors and students who participated in this study.



While seeking the answers to those questions, theoretical and practical
implications for university laboratory education were elicited. These will be
integrated into the Blended Laboratory and E-learning iNstructional Design
(BLEND) model for URL courses, which is the final product of this research
(Study 3). As its name presents, the BLEND model intends to blend laboratory
courses in science education with effective e-learning strategies. It is anticipated
that the BLEND model to be used by university instructors within various teaching
and learning contexts worldwide who aspire to innovate their laboratory courses by
broadening students’ learning opportunities spatiotemporally in the post-COVID-

19 era.

1.3 Research Field

The start and progress of this research were situated in the COVID-19 situation at
Hankuk University (pseudonym) in Seoul, Republic of Korea. In May 2020, the
researcher realized that the formerly similar general laboratory courses - viz. the
physics, chemistry, biology, and earth science labs - have become remote labs with
diverse characteristics in Hankuk University, which became the research field. As
the researcher had a plausible prior understanding of how those courses had been
implemented similarly within and between courses throughout the years (or
possibly decades), the sudden diversification of course implementations seemed
unnatural and required explanations. Also, through preliminary conversations with
first-year chemistry education students who took the remote labs in 2020, he could
assume that the outcomes of the various remote labs in 2020 must become different.

The researcher could conjecture that investigating the emergence and consequence
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of remote labs at Hankuk University in 2020 could bring unprecedented insights
into how university STEM instructors implement their laboratory courses and how
university students perceive their learning experiences during those. Therefore, the
researcher dived into the research field in June 2020, before the peculiar teaching
and learning experiences within the initial responses to the COVID-19 situation

vanished.

1.3.1 The Republic of Korea in the COVID-19 situation

As with many East Asian countries, Korea has a governmental system that is more
centralized than many Western countries. After liberation from the Japanese
Empire in 1945, an authoritarian government was in place for decades until 1993.
Although Korea has been a democratized country for more than 30 years, the
centralized government and public administration power still remain. Not only the
prescriptive and equalizing national K-12 curricular, but also policy, administrative,
and fiscal authority regarding education are centralized around the Korean Ministry
of Education (KMOE) by law. For example, the KMOE executes budgets that
support the universities throughout the country, and these are cut when a university
does not follow the directives of the KMOE and/or fails to satisfy criteria. As many
universities largely depend on financial support from the Ministry, it has a vast
influence over them. Therefore, it is necessary to consider how the educational
authority responded to the COVID-19 situation and directed schools and

universities to implement adaptive online classes.
Not irrelevant to these, Korea’s success in limiting the spread of the
COVID-19 pandemic can be attributed to (1) the centralized administrative system
8
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and people’s adherence to public health guidelines and possibly (2) Korean
people’s uniformly fair scientific literacy regarding aspects of their daily lives.?
For example, there has been essentially no report of protest or debate in Korea
about mandating masks, unlike in some other countries. In either case, Korean
people prefer a uniform perspective or approach to responding to imminent
situations. Although this may help structure and consolidate society, it may limit
individuals from utilizing their agency. Furthermore, this can have been one of the
reasons that instructors at Hankuk University implemented remote labs in 2020
following the administrative decision concerning the spread of COVID-19 rather

than sticking to the previous FTF course format.

1.3.2 Hankuk University in the Republic of Korea

This research was conducted at Hankuk University in Korea. About 3,000 students
enter the university annually, and about half are enrolled in the STEM tracks. For
graduation, they must take at least one introductory science course and its
respective laboratory: physics lab, chemistry lab, biology lab, or earth science lab
(Table 1) and a variety of major course labs. Hankuk University has conventional
systems to implement massive courses for first-year students. Although they
provide many classes with the same course name, each class is kept equivalent:
The content is the same, and each TA teaches many classes based on the common
course plan established by the TAs. Therefore, each student’s learning experience

within each introductory laboratory session is supposed to be identical. Most of the

2 Although there were hundreds of confirmed cases of COVID-19 in Korea at the start of 2020, the
daily rate of infection has remained under 1,000 per day up to the present (June 2021), which is very
low compared to other countries with equivalent populations. (Retrieved on June 08, 2021 from
https://kosis.kr/covid/covid_index.do)
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learning content is quite traditional and cookbook-like (Appendix A), which means
the results of experiments are expected to fit relevant theories. After taking the
introductory laboratory, students in STEM departments take major-course labs in
their second year and/or later. The laboratory at Hankuk University deals with

about 10 topics in a semester.

Table 1. Number of students who finished introductory laboratory courses in 2020

Physics lab Chemistry lab Biology lab Earth science lab ®

1,095 642 508 134

@ The researcher counted the number of students in the spring and fall semesters for the
earth science lab, while others only in the spring semester. Unlike other introductory labs,

most earth science labs are offered in the fall semester.

1.4. Study Design

This dissertation consists of three studies. The researcher intended to scrutinize the
remote labs implemented at Hankuk University in 2020 in Study 1 and 2, which are
conducted simultaneously. And the researcher planned to provide a systematic
guide to design and implement a remote lab in Study 3. The overall scheme of the

study process is presented in Figure 1.

Study 1

- University instructors’ agency
implementing remote labs in 2020

- Qualitative research

Study 3
- Instructional design model for
efficient and effective remote labs

Development and validation research
Study 2
- University students’ perception of
remote lab experience in 2020
- Mixed-method research

Study period: September 2020 — March 2021 Study period: March 2021 - June 2021

Figure 1. The overall scheme of the study process

10 -



1.4.1 Study 1

The researcher investigated what happened in the spring semester of 2020 while
the remote labs were implemented, on the instructors’ side (Study 1) and the
students’ side (Study 2), respectively. The two studies were conducted
simultaneously, making each function as an interpretive aid for another.

In Study 1, the researcher examined how university instructors responded
to the COVID-19 by implementing their remote labs. The researcher adopted the
theoretical lens of instructor agency upon the given structure. Qualitative
interviews were conducted with 10 instructors at Hankuk University, who taught
general physics, chemistry, biology, and earth science labs and other major-level
labs in remote settings in 2020. The difficulties they encountered while

implementing remote labs and how they tried to overcome those were identified.

1.4.2 Study 2

In Study 2, the researcher investigated Hankuk University students’ perception of
remote labs they took in 2020 to examine their consequences. A mixed-method
approach was used in Study 2. A quantitative survey was conducted with 338
students” perceptions of their remote lab experiences. Among the survey
respondents, 18 participants were qualitatively interviewed to elaborate on their
experiences and ideas on various aspects of remote labs, including pros and cons

and suggestions for the future remote lab.
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1.4.3 Study 3

Study 3 was planned to suggest a better way to implement future remote labs
beyond the COVID-19, rather than just depicting what happened in the crisis.

In study 3, the researcher utilized the design and development research
approach. The product was an ID model for the university remote labs. While
developing the initial model, the result of the literature review and lessons from
Study 1 and 2 were incorporated. The iterative validation process included internal
validation from 13 experts and six users and external validation from seven
students who took the Analytical Chemistry Experiment course at the Department
of Chemistry Education at Hankuk University in the first semester of 2021. The ID

model was revised twice to become the final one.
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Chapter 2. Theoretical Framework

The researcher suggests a framework to view URLs as the locus where the
components of laboratory sessions and e-learning intersect (Figure 2; Lee & Hong,
2021b). The reasons for implementing laboratory or e-learning courses lie in the
purpose of laboratory or the promises requirements of e-learning. As kinds of
instructional programs, laboratory and e-learning should consider how the content
is delivered, interactions between learners promoted, and assessment and feedback
are given - those three factors naturally correspond to each other (see Q1-Q3in 1.2
Purpose of Research; cf. Jang et al., 2020). The COVID-19 situation in 2020 made
the two strands of educational tradition meet, interplay, and blended in the various
URL courses that emerged in 2020. The characteristics of the URL course in 2020
were shaped according to the teaching and learning context. And the lessons from
URLSs in 2020 (Study 1 and 2) led the researcher to an extended understanding of
blended learning for laboratory education (see 2.3.4) and the need for an ID model
for URLSs (see 2.5 and Study 3).

The following sections will review previous literature on the laboratory in
science education, e-learning and effective teaching strategies, and remote
laboratory. Additionally, some theoretical components will be reviewed, such as
sociocultural perspective and instructor agency relevant to Study 1, and model
development and validation research frequently used in the educational technology

field relevant to Study 3.
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Figure 2. The interplay of laboratory and e-learning that shapes the characteristics
of a remote laboratory course in a given teaching and learning context leading to
the extended understanding of blended learning with the learning modalities in
laboratory education
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2.1 Laboratory in Science Education

2.1.1 The purpose of laboratory

Like any other teaching and learning method, the implementation of the laboratory
is shaped by its supposed purpose. Many scholars have set or summarized the
purpose of laboratory, which are diverse and needs contemplation. Some of the
notable literature are as follows.

Some literature focused on the K—12 context. Hofstein & Lunetta (1982)
reviewed the studies of their time related to the goals of the laboratory and
reframed the goals as creative thinking and problem-solving, scientific thinking,
intellectual development, practical skills and abilities, and the affective domain,
which they called for further research.

Hart et al. (2000) showed that the laboratory session could be implemented
with the purpose of letting students understand the NOS (the way scientific facts
are established) rather than getting science content related to the experiment, which
was successful in fostering students’ cognitive and affective domain.

Hofstein & Lunetta (2004) listed the updated goals of the laboratory after
decades of their previous review. Those were understanding of scientific concepts,
interest and motivation, scientific practical skills and problem solving abilities,
scientific habits of mind, understanding of the NOS, methods of scientific inquiry
and reasoning, and application of scientific knowledge to everyday life.

Meanwhile, others focused on the higher education context, specifically
concerning chemistry labs. Domin (1999) suggested the learning outcomes of a
laboratory can be set as conceptual understanding, retention of content knowledge,
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scientific reasoning skills, higher-order cognition, laboratory manipulative skills,
better attitude towards science, and a better understanding of the NOS.

Reid & Shah (2007) comprehensively reviewed the historical perspective
of chemistry laboratory work and the aims and objectives of it suggested by the
previous literature. And they rearranged those as four headings: skills relating to
learning chemistry, practical skills, scientific skills, and general skills. Note that
here ‘scientific skills’ refer to the skills of observation, deduction, and
interpretation, and ‘general skills’ refer to the skills such as team working,
reporting, presenting and discussing, time management, and developing ways to
solve problems.

Meanwhile, the researcher investigated how 10 Korean science education
experts (two from physics, three from chemistry, three from biology, and two from
earth science education) perceived the purpose of the laboratory (Lee & Hong,
2021b). From a qualitative interview of 10 science education experts, it was
revealed that they reconsidered the purpose of the laboratory during the COVID-19
as (1) replicating what is learned in theoretical classes, (2-4) gaining tacit
knowledge/NOS/practical skills through the experimental process, and (5)
preparation of pre-service teachers for the laboratory in the school. However, they
also replied that these were not new but deepened their understanding of what
previous literature had suggested (cf. Flick, 1993; Domin, 1999; Hofstein &
Lunetta, 2004).

It is manifest that scholars understand the purpose of the laboratory
diversely, with some commonalities and differences. The various purposes of the
laboratory may be simplified following the traditional categories of desired

learning outcomes - knowledge, skills, and attitudes. Although each can be
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interpreted broadly, the simplified framework would make the discussion
commensurable. Also, it should be noted that the laboratory is considered a crucial
means of accomplishing inquiry teaching in the previous literature (cf. Lee & Lee,
2016). Here, ‘inquiry’ denotes both “inquiry as means” to understand science
content and “inquiry as ends” (learn how to do inquiry, develop epistemological
understanding about NOS and the development of scientific knowledge, and

relevant inquiry skills) (Abd-El-Khalick et al., 2004).

2.1.2 Hands-on versus minds-on debate

Conceptually, the types of the laboratory can be distinguished by the emphasized
activities: firsthand manipulation of laboratory equipment and apparatuses, which
is analogized as ‘hands-on,” or higher-order thinking of using or applying scientific
ideas, which is analogized as ‘minds-on’ (Lumpe & Oliver, 1991; Flick, 1993;
Hofstein & Lunetta, 2004). Note that, for ease of discussion, ‘hands-on’ and
‘minds-on’ are used as distinctive terms throughout this study (see NRC, 1996;
Abrahams, 2012; Osborne, 2019).

Essentially, all universities with liberal education and STEM departments
have managed hands-on laboratories to provide students with embodied
experiences. Students usually take the relevant laboratory class after or with the
theoretical class, e.g., an analytical chemistry experiment class after or with an
analytical chemistry class. A hands-on laboratory class presupposes students’
physical attendance and proper experimental environments (Fraser et al., 1995).
Laboratory invites students to engage firsthand with equipment, apparatuses, and
reagents to conduct science experiments following prescribed procedures (Reid &
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Shah 2007). Students usually attend laboratory classrooms once a week and spend
a couple of hours following an experimental procedure and producing data. Then,
they write a lab report for the experiment. Through hands-on laboratory classes,
university students are expected to gain the knowledge (conceptual/theoretical),
skills (hands-on manipulation, data processing, and lab report writing), and
attitudes toward science or science classes that they need to perform advanced
scientific research and begin a professional science career (Domin, 1999; Reid &
Shah, 2007).

However, the hands-on approach was sometimes criticized by the
proponents of the so-called minds-on approach. They argued that although students
might participate physically in an experiment firsthand, they would not mentally
participate in the inquiry that socially constructs scientific knowledge, and thus
hands-on laboratory classes were an inefficient use of resources (e.g., Schamel &
Ayres, 1992; Abrahams, 2012; cf. Abrahams & Millar, 2008). They argued that the
essential component of a laboratory class was a collaborative process among
students interpreting experimental data - in this view, instructors may provide
students with demonstrations or simulations representing experiments using
appropriate media such as video or animation rather than firsthand experiences
(O’Brien, 1991; Ma & Nickerson, 2006). After that, instructors can trigger
students’ inquiry, meaning their interpretation of experimental phenomena and/or
data in light of scientific theories (Rice et al. 2009).

Although the hands-on versus minds-on debate has been over for decades,
it is still the concern of science educators. For example, Furtak & Penuel (2019)
summarized the hands-on versus minds-on debate since the 1990s and contended

for the term ‘practice’ rather than those two in the upcoming era of the National
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Research Council Framework and the Next Generation Science Standards.
However, responding to Furtak & Penuel (2019), Osborne (2019) re-ignited the
debate and supported the minds-on inquiry, rebutting the hands-on or ‘practice.’
Parsons (2019), in turn, again refuted Osborn (2019), suggesting “an integrative
and inclusive approach” to hands-on and minds-on science learning. This
consecutive discussion shows that there is still a need to contemplate how 21%-
century laboratory education should be.

If someone understands the hands-on and minds-on laboratories as an
opposite set, a laboratory course might be implemented according to the position
where he/she stands. The emphasis of the individual instructor can be put on either
side, according to the purpose he/she has for the course (Domin, 1999; Reid &
Shah, 2007; cf. Hart et al., 2000). For example, if an instructor aims to teach
students lab techniques, he/she might highlight the hands-on component of the
laboratory even though it consumes many resources. In contrast, if he/she aims to
encourage student inquiry rather than manipulative hands-on skills, the minds-on
approach may be more efficient and use fewer resources such as time, reagents,
and apparatuses.

Meanwhile, Song & Cho (2004) suggested the hearts-on science education
as another paradigm shift after the minds-on perspective. They understood the 21%
century to be a period perceiving science as a culture based on scientific humanism.
And they emphasized context-rich approaches and scientific field trips in science
teaching. They said all the cognitive, emotional, and behavioral ways of science
learning should be integrated. Although these suggestions not only pertain to the

laboratory sessions, their holistic viewpoint on science education is worth noting.
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Therefore, the hands-on and minds-on approaches to laboratory classes do
not necessarily become contradictory; they could be used in a complementary way
focusing on inquiry (Lumpe & Oliver, 1991; Flick, 1993; Abd-El-Khalick et al.,
2004; Q1 in 1.2 Purpose of Research). In this respect, students’ collaborative
inquiry process in the laboratory is considered pivotal (Hart, 2000; Hofstein &
Lunetta, 2004). In other words, laboratory classes can incorporate hands-on and
minds-on learning processes because students should be engaged in bodily
experiences and mental operations. However, there seems to be little research that
presents practical guidelines to integrate the hands-on and minds-on notion of

laboratory courses. It will be discussed later in 2.3.4.

2.1.3 Interaction in laboratory

Science education researchers have emphasized that an experimental class
following an inquiry procedure needs to involve learner-centered and constructive
activities (whether cognitive or sociocultural). In other words, inquiry classes
should be conducted through interaction and cooperation among multiple learners.
In an experiment class followed by the inquiry process, collaboration among peers
and instructors leads them to construct scientific knowledge based on experimental
results. This student-centered class configuration also increases lab participation
(French & Russell, 2006). It has been shown that students participate more actively
in lab activities by explaining their opinions to each other in argumentation through
hypotheses and evidence (Okada & Simon, 1997). Also, note that the interaction
between students has been naturally supposed to be synchronous in a laboratory

classroom before the COVID-19 (Q2 in 1.2 Purpose of Research).
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2.1.4 Laboratory report writing and feedback

It is common for science lab classes to include lab report writing as part of the
inquiry procedure, which is crucial as it enables students to train or practice
scientific writing. Lab reports generally consist of the following sections:
introduction, principle (theoretical background), procedure, results, discussion, and
reference. This style of writing has a typical structure; however, students often
struggle with writing lab reports. For instance, since the content of the lab report is
domain-specific, students find it difficult to interpret their findings from
experiments (Kalaskas, 2013). Therefore, it is very important to promote student
inquiry while writing lab reports - i.e., the interpretation of data in light of their
prior understanding of scientific theories, through accommodating or assimilating
(see O’Brien, 1991; Q3 in 1.2 Purpose of Research). Students also find it difficult
to follow the scientific writing style required for laboratory reports. For example,
when describing experiment results, students may find it difficult to construct an
appropriate sentence format (e.g., using passive voice; Abulazain, 2019) or use
visual representations (table, figure, graph, etc.) suitable for the data. However,
these difficulties can be resolved by interaction with professors and peers and

continuous feedback (Ahmad et al., 2019; Cho & MacArthur, 2011).
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2.2 E-learning and Effective Teaching Strategies

2.2.1 The promises and requirements of e-learning

E-learning has become a learning system widely used in corporate education,
lifelong education, and school (particularly higher) education since the late 1990s
with the development of the internet (Park et al., 2012). The reason why the
stakeholders (particularly organizations) utilize e-learning includes their desire to
(1) provide consistent, worldwide training; (2) reduce delivery cycle time; (3)
increase learner convenience; (4) reduce information overload; (5) improve
tracking; and (6) lower expenses (Welsh et al., 2003; cf. Rosenberg, 2001).
Meanwhile, Clark & Mayer (2016) suggest the promises of e-learning as (1)
customized training, (2) engagement in learning, (3) multimedia, (4) acceleration
of expertise through scenarios, and (5) learning through digital games.

Then, being what e-learning makes those promises? However, the
definition of e-learning is not easy as anticipated. Table 2 shows the definitions of
e-learning according to scholars, which are various but have many commonalities
that make terms such as e-learning, online learning, internet-based instruction, and
distance learning interchangeably (Dempsey & Van Eck, 2017). Viz., e-learning
(1) utilizes the electronic material based on the internet, (2) emphasizes flexible
learning environments that overcome constraints of time and space, (3) is oriented
toward interaction activity (using the internet), and (4) emphasizes various learning
experiences, self-directed learning activities, and thus a learning system (Park et al.,

2012; p. 340).
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Notably, Clark & Mayer (2016) defined e-learning as “instruction
delivered on a digital device [which can range from desktop or laptop computers to
tablets or smart phones] that is intended to support learning.” (p. 7) Here,
“intended” implies that carefully designed e-learning components are crucial for
accomplishing its learning objectives. Therefore, scholars stress that e-learning
should be designed according to well-established models to ensure those
characteristics are exploited in a learning system (Horton, 2006; Dempsey & Van
Eck, 2017; Clark & Mayer, 2016; Park et al., 2012). Unsurprisingly, teaching
strategies used in e-learning courses yield different consequences (Clark & Mayer,
2016). E-learning can be as effective at least equivalently as traditional learning
and even can yield better learning outcomes when the quality of the instructional
system is secured by careful design and implementation (Tallent-Runnels et al.,
2006). However, when e-learning courses are not appropriately designed, problems
such as low participation and high dropout rates are expected (Lee et al., 2019).
Among the components of e-learning, teaching strategies for conveying the
learning content with multimedia, synchronous or asynchronous interaction, and

assignments will be emphasized in this study.
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Table 2. The definition of e-learning in previous literature

Source The definition of e-learning
Rosenberg “The use of Internet technologies to deliver a broad array of solutions that enhance
(2001) knowledge and performance.”
“An innovative approach for delivering well-designed, learner-centered, interactive, and
Khan facilitated learning environment to anyone, anyplace, anytime by utilizing the attributes
(2004) and resources of various digital technologies along with other forms of learning materials
suited for open, flexible, and distributed learning environment.”
Welsh et al. “The use of computer network technology, primarily over an
(2004) intranet or through the Internet, to deliver information and instruction to individuals.”
Horton ) ) )
“The use of electronic technologies to create learning experiences.”
(2006)
Park et al “A learning system where learners overcome the time and space to have various learning
ark et al.
(2012) experiences through interaction and self-directed learning activities in a flexible learning

environment implemented Internet-based electronic media.”

Clark & Mayer
(2016)

“Instruction delivered on a digital device [which can range from desktop or laptop

computers to tablets or smart phones] that is intended to support learning.”

2.2.2 Media presentation

E-learning in science education has been considered plausible, partly because

science involves a considerable amount of conceptual/theoretical learning, which

appropriate technologies can support while overcoming the limitation of time and

space in content delivery (Clark & Mayer, 2016).

In the educational technology field, media and methods that convey

content are inseparable from the effectiveness of e-learning. In the 1980s, Clark

(1983) posited that media were economic conveying methods rather than

influential factors for learning effectiveness, but Kozma (1991) stated that both

media and methods affect learning.

24



Recently, a prominent feature of e-learning has been affording the
provision of learning materials through multimedia such as photos, animation, and
videos. For example, the motion and reactions of microscopic particles (e.g., atoms,
molecules) that cause macroscopic natural phenomena can be better represented in
a dynamic animation or simulation using a computer program rather than in a fixed,
printed figure (Ardac & Akaygun, 2004). Essentially, multimedia theory, echoing
dual-coding theory and cognitive load theory, suggests that visual and auditory
channels should be utilized complementarily in multimedia material to enhance
students’ science learning (So et al., 2019; Clark & Mayer, 2016). Therefore, many
studies have focused on media design principles to present learning content
effectively. Research about instructional video materials for STEM courses has
shown what factors make the video more effective (e.g., students learn better from
videos filmed from a first-person perspective rather than a third-hand perspective;
Mayer et al., 2020). When video instruction material is provided in a science
course, students can repeat it to understand complicated scientific terms or
concepts (Lee et al., 2021; Loveys & Riggs, 2019). Videos of experiments can
allow students to grasp the experimental procedure, imitate/simulate it, interpret

data, and write a lab report (Cicciarelli, 2013; Q1 in 1.2 Purpose of Research).

2.2.3 Aspects of online interaction

The importance of promoting interactions between participants of e-learning has
been well documented in the computer-supported collaborative learning (CSCL)
field (Clark & Mayer, 2016). In terms of time, interactions can be divided into
synchronous and asynchronous interactions. Synchronous methods can promote
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more interaction than asynchronous (Clark & Mayer, 2016; Q2 in 1.2 Purpose of
Research). Regarding participants, interactions can be classified into instructor-
learner and learner-learner interactions, and promoting both is desirable (Wut & Xu,
2021). Common web-based tools that support interaction by providing learning
materials and having Q&As are learning management systems (LMSs).
Interactions of e-learning participants promoted via LMSs help reduce dropout

rates and result in effective e-learning courses (Lee et al., 2019).

2.2.4 Assessment and feedback

Since e-learning does not happen FTF in a classroom, learning cannot avoid
relying on students’ self-paced assignments, typically homework. However, there
seems to be little literature that comprehensively theorized the effect of various
assignments in e-learning, although some empirical research considered the
provision of those while designing their e-learning course (Bidarra & Rusman,
2017; Buli¢ et al., 2017; Leung, 2003). There is a couple of notable exceptions.
Clark & Mayer (2016) mentioned that properly regulated assignment structure and
difficulty and working in collaborative groups maximize the learning effect. It has
further been suggested that challenging tasks solved collaboratively (whether
synchronous or asynchronous) are constructive for student learning (Q3 in 1.2
Purpose of Research). Also, Koohang et al. (2009) presented that the variously
designed e-learning assignments from the constructivist viewpoint can lead to

different student responses.
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2.3 (Re-)emergence of Remote Laboratory

There has been a tremendous number of studies regarding remote laboratories.
However, its notion has been changed since its first appearance in the late 1990s,
similar to that of e-learning. The technological progress including high-speed
internet and the inclusion of researchers from various STEM fields probably have
impacted the varying denotation of ‘remote’ lab or equivalent terms such as
‘online,” ‘virtual,” ‘simulated,” ‘distance’ labs. Further, the COVID-19 situation in
2020 manifestly changed the notion and practice of remote labs. Therefore, in the
following sections, studies on remote labs before and after the COVID-19 would
be reviewed, followed by exploring its appropriate meaning. After that, the

researcher’s view - remote laboratory as blended learning - would be explicated.

2.3.1 Studies on remote laboratories before the COVID-19

Research about remote labs began long before the COVID-19, particularly in
higher education sites (Brinson, 2015; Bidarra & Rusman, 2017). Some literature is
worth noting:

The first suggestion of the “remote laboratory” “paradigm” is attributed to
Aktan et al. (1996). They attempted to apply “distance learning” to “control
engineering laboratories” and elicited crucial agenda for implementing remote
laboratory courses, including preparation of audio and video material, detailed
evaluation of software, safety features, open architecture, student collaboration,

communication tools, and working with a multidisciplinary team.
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Winer et al. (2000) suggested that a ‘Distributed Collaborative Science
Learning Laboratory’ (DCSLL) became possible on the internet. The theorized
concept of DCSLL “emerged from work in distance education and new
technologies, cooperative/collaborative learning, and science education.” They
derived some instructional principles from these backgrounds and reported the
results of a pilot study in a module on electricity content in an introductory
university course.

Gustavsson et al. (2009) urged that setting objectives and employing
individual assessment is crucial to the engineering laboratory courses. Further, they
suggested that a collaborative remote laboratory is possible based on remote
control technology on an electrical circuit and showed that university students in
Sweden and South Australia could work together practically.

Meanwhile, Lowe et al. (2013) raised the possibility of remote laboratories
in secondary schools also has been suggested. They devised and applied a couple
of remote physics lab sessions for high school students. They evaluated that remote
labs for high school students can be beneficial, but considerable care should be
taken to deliver issues such as student reaction to remote labs, student gender and
learning styles, and students’ interactions with experimental apparatus.

Interestingly, Childers & Jones (2017) investigated high school students’
perceptions of virtual presence, science learning motivation, and science identity
during a remote microscopy investigation experience. Based on quantitative and
qualitative data, they concluded that science learning drive, environmental
presence, and inner realism presence are the factors contributing to a remote

learning investigation.
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A literature review of remote labs suggested that they might be better than
hands-on labs in terms of achievement according to the interest of individual
research, such as knowledge and understanding (Brinson, 2015). However, there
had been no clear standards to compare the effects of remote labs with hands-on
labs (Ma & Nickerson, 2006; Tho et al., 2017; Lowe et al., 2013; Faulconer &
Gruss, 2018). Also, those studies were conducted within cautiously designed
environments with cutting-edge technologies that required many resources and the
labor of innovative researchers (e.g., Lowe et al., 2013), which might explain why
the literature related to URL has been led by engineering or technology educators
with expertise in remotely controlled machines (Prada et al., 2015; cf. Brinson,
2017). Consequently, the research field was also mostly limited to engineering and
physics subjects rather than other STEM subjects, while the number of studies in
natural science was increasing (Brinson, 2017). Therefore, it can be said that the
dissemination of such research in general university science laboratory classes has

been limited until 2020.

2.3.2 Studies on remote laboratories after the COVID-19

The COVID-19 situation in 2020 caused remote labs to reemerge as unanticipated
and unavoidable teaching and learning method used worldwide.
In 2020, many science instructors perceived remote teaching as inefficient
(Salta et al., 2021). Many university STEM instructors endeavored to adaptively
implement their own remote labs regardless of disciplines (West et al., 2021; Lee
& Hong, 2021b), including shooting and editing videos of experiments to offer
students some laboratory experiences (e.g., Jang et al., 2020), rather than
29
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establishing a remote control environment. University chemistry educators in
particular have reported case studies about URL during the pandemic, and in them,
students reported primarily negative perceptions of the motivation, study pacing,
interaction, and learning outcomes of URL due to the lack of hands-on experiences
(Blizak et al., 2020; Petillion & McNeil, 2020; Youssef et al., 2020; Jang et al.,
2020). Although those works were prompt and responsive to the COVID-19, most
did not provide comprehensive insights or total instructional guidelines into the
remote lab phenomena to offer more generalizable pedagogical knowledge.

One notable exception is Jang et al. (2020), who conducted a mixed-
method case study on their URL implementation experience in the spring semester
of 2020. In the research field of an inorganic chemistry experiment course for pre-
service chemistry teachers, the instructors reported that they provided learners with
multimedia videos of experiments, communicated with learners via online
communication tools, and complemented the indirect guidance through feedback
on the student lab report.

Since 2021, research has explored and reported the possibilities of remote
labs as an innovative teaching and learning method (West et al., 2021). For
example, Sung et al. (2021) developed and implemented “remote labs 2.0,” which
shows instructors conducting an experiment while receiving students’ real-time
responses. They reported that their URL system helped students’ engagement and
provided them a sense of telepresence. Hu-Au & Okita (2021) explored the
differences in student learning and behavior between real and virtual reality
chemistry laboratories, finding that learning general content knowledge, laboratory
skills, and procedure-related safety behaviors were comparable. Lee & Hong

(2021b) interviewed 10 science education experts about their perceptions of remote
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labs. They thought the decrease in hands-on experience and FTF interaction and
increase in instructor’s burden were the main weaknesses of remote labs,
contemplated the nature of lab sessions without hands-on experience (in other
words, minds-on), and attempted to improve their remote labs in various ways.
However, there have still been very few studies that have investigated
more than three URL cases implemented in 2020 to elicit generalizable and

practical implications for future science education.

2.3.3 The meaning of remote laboratory revisited

Table 3 shows the varying definition of remote lab or equivalents in the previous
literature. As shown, the remote lab can be defined in various ways, and sometimes
the similar terms (‘online,” ‘virtual,” ‘distance,” ‘simulated’ labs) are used
simultaneously or interchangeably. Therefore, it is not easy to derive the only exact
meaning of the remote lab. However, some important issues should be pointed out:

(1) A remote lab can be defined as a laboratory class that is ‘non-
traditional,” in the sense that it is implemented in NFTF e-learning settings using
media such as videos, simulations, and remote controls to present experimental
processes or acquire experimental data (based on Tho et al., 2017; Brinson, 2015;
Zacharias et al., 2015; Lee & Hong, 2021b).

(2) The remote lab can be understood as an attempt to replace or
complement hands-on processes with e-learning materials while retaining minds-on
collaborative inquiry processes (Brinson, 2015; Zacharias et al., 2015). Therefore,
remote labs have been thought to suggest possibilities for overcoming limitations

of time, space, and resources spent in the physical hands-on labs while securing
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more resources for interpreting data (Tho et al., 2017; Youssef et al., 2020; Lee &
Hong, 2021b).

(3) The notion of the remote lab should be broadened to embrace the
global instructional practices during the COVID-19. The pandemic forced nearly
all university STEM instructors worldwide to implement remote labs immediately.
Therefore, the significance of remote labs has risen dramatically since 2020. Also,
the details in remote lab practices have become various after the COVID-19 (e.g.,
Blizak et al., 2020; Petillion & McNeil, 2020; Youssef et al., 2020; Jang et al.,
2020; Lee et al., 2021b; Sung et al., 2021). For example, instructors heavily relied
on the video material, which is sometimes shot and edited by themselves, rather
than remote controls that are not convenient to everyone. Also, the use of the Zoom
or similar webinar programs was also a worldwide educational change during the
pandemic, enabling synchronous online sessions with a real-time conversation
between instructors and students that were previously understated in remote labs.

Therefore, the researcher has suggested that the remote lab should be
understood broadly as “laboratory teaching and learning implemented in e-
learning” (Lee & Hong, 2021b) to interpret the remote lab phenomena re-emerged
by the COVID-19. Then, the definition and design principles of e-learning (see 2.2)
can be directly related to the meaning of a remote laboratory. Also, the essence of
the science laboratory experience becomes the content to be delivered (see 2.1).
The theoretical and practical elaboration of this understanding will follow in the

next section.
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Table 3. The definition of remote laboratory or equivalents in previous literature

Source Concept The definition of remote laboratory or equivalent
“is to make the equipment that we already have available to more students
Aktan et al. . . . . . )
(1996) Remote lab without taking away the experience of being physically present in the
laboratory.”
“Simulated labs are the imitations of real experiments. All the
Simulated lab infrastructure required for laboratories is not real, but simulated on
Ma & Nickerson computers.”
(2006) “Remote labs are characterized by mediated reality. ... they require space
Remote lab and devices. ... in remote labs experimenters obtain data by controlling
geographically detached equipment.”
Gustavsson et al. . ) ) )
Remote lab “A variety of web-based experimentation environments”
(2009)
Virtual “Students are required to setup virtual (not real) equipment.
irtual
. Students manipulate virtual equipment to complete a laboratory experiment
experiment .
that requires them to collect and analyze data.”
Simulated “Students do not setup equipment. Students manipulate virtual equipment
Imulate
Crippen et al. . to complete a laboratory experiment that requires them to collect and
experiment
(2013) analyze data.”
“Students do not setup equipment. Students manipulate real equipment
Remote virtually (the equipment exists somewhere, but the students do not touch it)
experiment to complete a laboratory experiment that requires them to collect and
analyze data.”
Online lab “Virtual and remote labs offered through computer technology”
. . “Computer simulations, which allow the manipulation of virtual material
Zacharias et al. Virtual lab ) ) )
(2015) and equipment on a computer screen via the computer equipment”
“Physical labs whose material and equipment are manipulated at a distance
Remote lab .
via the use of computer technology.”
Tho et al. (2017) Remote lab “Real-time science experiments using the Internet”
. “A laboratory experience where the learner accessed simulated
Online lab . . .
experiments, instruments, or equipment through a computer.”
“A laboratory experience where the learner accessed real experiments,
Faulconer & Remote lab . . .
instruments, or equipment virtually through a computer.”
Gruss (2018)
“A laboratory experience where the learner performed hands-on labs
Distance lab outside of a traditional laboratory space through portable laboratory Kits,
often delivered through the mail”
Lee & Hong
(2021b) Remote lab “A laboratory teaching and learning implemented in e-learning”
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2.3.4 Remote laboratory as blended learning

Blended learning has become a prominent teaching method since the early 2000s
(Graham, 2006). However, like many other educational concepts, it is difficult to
simply define blended learning (Graham, 2006; Oliver & Trigwell, 2005). The
issue of defining blended learning converges into what are being ‘blended.’
Graham, Allen & Ure (2003) abstracted from the literature the three definitions of
blended learning as (1) combining instructional modalities, (2) combining
instructional methods, and (3) combining online and FTF instruction (cited in
Graham, 2006) while supporting the last one as the most appropriate.

Meanwhile, Oliver & Trigwell (2005) provide richer implications on the
meaning of blended learning. They summarized the meaning of ‘blended’ as
mixing e-learning with traditional learning, mixing online learning with FTF,
mixing media, mixed contexts, mixing theories of learning, mixed learning
objectives, and mixed pedagogics. According to variation theory, the most
important blending in blended learning should be learning experiences with each
learning mode. Also, they focused on the blending of learning spaces. Here, Oliver
& Trigwell (2005) refers to the case of Alexander & Cosgrove (1995), who
provided various learning experiences in an electric circuit lab through software,
kitset, and workbook.

Some literature has suggested a blended (flipped) learning format for
laboratory classes (Bergmann & Sams, 2012; Loveys & Riggs, 2019; Gregory &
Di Trapani, 2012; Stockwell et al., 2015). The prominent flipped learning approach
has also been suggested to improve laboratory classes by placing

conceptual/theoretical knowledge online before class and hands-on activities
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offline in-class time (Bergmann & Sams, 2012). Particularly, the researcher has
suggested understanding remote lab after the COVID-19 as “blended learning that
complements an online—-minds-on—-whole class session with an offline—hands-on—
small group session” to enable realistic response in the ID perspective (Lee &
Hong, 2021b; Q1 in 1.2 Purpose of Research). Note that the combinations of
online/offline—-minds-on/hands-on-whole class/small group can be various, not
limited to the abovementioned. The matter is finding the optimal combination for a
specific teaching and learning situation.

To conceptualize remote lab as blended learning that incorporates hands-
on and minds-on experiences via an e-learning system, our understanding of
blended learning should be extended (cf. Oliver & Trigwell, 2005). The researcher
suggests that remote lab as blended learning connotes the two kinds of blending,
with reference to the multimodal understanding of blended learning (Picciano,
2009).

First, it is the blending within laboratory experiences - the hands-on and
minds-on experiences. If blended learning should be designed to combine “the best
of both worlds” (Graham, 2006), the composition of blended laboratory learning
should consider the learning objectives and their respective learning modes. The
most distinctive learning mode in the hands-on laboratory is the kinesthetic one
that allows students to foster manipulative skills, while that in the minds-on
laboratory is audio/visual ones (see Flick, 1993). If those two approaches meet in a
blended learning format, a long but unresolved dichotomy between the hands-on
and minds-on (or virtual, remote, etc.) experiences (Flick, 1993; Parsons, 2019;
Lee & Hong, 2021b; cf. Nickerson et al., 2006; Lowe et al., 2013;) could be

mitigated.
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Second, it is the blending between laboratory experiences and learning
spaces. If the previous understanding of blended learning supposed the integration
of learning spaces (place-based and remote), the extended understanding that this
researcher suggests also considers the integration of learning modes for laboratory
sessions (kinesthetic in hands-on and audio/visual in minds-on).

Figure 3 presents the arrangement of four possible laboratory experiences
according to learning modes and learning space, based on the extended
understanding of blended learning. The first quadrant in Figure 3 suggests
‘experiment video’ to be optimal with an audio/visual learning mode in a remote
setting, the second ‘experiment kit” with a kinesthetic mode in a remote setting, the
third ‘firsthand experiment’ with a kinesthetic in a place-based setting (which is
conventional), and the fourth ‘demonstration experiment’ with an audio/visual
mode in a place-based setting. Note that Figure 3 supposes there are no essential
impossibilities to combining any learning sites and modes. Differently speaking,
the arrows in the figure that divide the plane into quadrants signify the supposed
optimal settings for each laboratory experience but do not implicate contradictions
of directions (there is no origin at the plane).

According to Oliver & Trigwell (2005), the learning experiences and
learning space should be as varied as possible in the components of a blended
learning system. Then, remote laboratory as blended learning has two possible
combinations of laboratory experiences: (1) An experiment kit optimized for the
remote kinesthetic mode with a demonstration experiment optimized for the place-
based audio/visual mode. Or (2) A firsthand experiment optimized for the place-
based kinesthetic mode with experiment video optimized for the remote

audio/visual mode.
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Remote

Kinesthetic Audio/Visual

Place-based

Figure 3. Arrangement of optimal laboratory experiences in each quadrant
according to the extended understanding of blended learning with the learning

modalities in laboratory education

A couple of additional considerations would be practically helpful while
designing a remote laboratory as blended learning. First, the pre-lab or pre-class
activities in a blended laboratory class can give students prerequisite learning
experiences before the usual class time and allow students to spend their in-person
time (Lee et al., 2021; Loveys & Riggs, 2019; Gregory & Di Trapani, 2012).
Activities such as preliminary experimentation and pre-lab report writing
(including information searching and theory recap) might be beneficial.

Second, student interactions can be promoted by some computer platforms
for science teaching and learning (e.g., Sinex & Chambers, 2013). For example,
technology can allow students to collaborate in constructing their own scientific
knowledge by articulating their scientific arguments concurrently in a program that
visualizes the overall discussion (Kirschner et al., 2012). The visualization of such
a collaborative process can be a component of the portfolios that students produce

during the science course (Huang et al., 2009).
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2.4 Instructor Agency and Sociocultural Perspective

2.4.1 Instructor agency in science education

The notion of agency has been considered helpful in sociology in describing the
behavior of human agents in a given structure. Although the agency can be defined
in a variety of ways (e.g., Giddens, 1976; 1981; 1984; Archer, 2000; Sewell, 1992;
1999), its essence of it denotes “the capacity to act according to one’s choice”
rather than “merely following a predetermined path according to their already
determined fate or the surrounding environment.” (Ha, 2019, pp. 32-33).
Meanwhile, the structure is defined as “a process in which the social practices of
agents continue to spread in time and space” that consists of rules (scheme) and
resources, which reproduce each other (Ha, 2019, p. 35, based on Giddens, 1981,
1984).

Scholars have noted that the agency | structure framework can be applied
to educational agents such as instructors and/or students, including science
education situations (Ha & Kim, 2019; So & Choi, 2018; OECD, 2019).
Particularly, the dynamic nature of agency | structure dualism has been emphasized
in science education research (Ha & Kim, 2019). Although Giddens (1976; 1981,
1984) had an impetus for their dialectical reproduction, it was Sewell (1992) that
understood the structure as more changeable by the agents. In this viewpoint, the
structure affords and constrains the agency, and the agent contributes to the
reproduction or transformation of the structure. Therefore, the relationship between
structure and agency is dialectical (Sewell, 1992; 1999), which justifies the use of
the framework in the time of change in the teaching and learning context

experienced by science instructors (Lee & Kim, 2021a; 2021b).
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Bell & Gilbert (1996) contemplated science instructors’ agency amid the
educational change in classroom activities, values, and thinking. However, they
pointed out that as the notion of agency presupposes individualism, science
instructors' agency may overemphasize their responsibility. Therefore, it is
important to understand that science instructors have and should have limited
agency embedded in the teaching and learning situation surrounded by social,
cultural, and organizational factors - i.e., structure (Bell & Gilbert, 1996).

The COVID-19 situation in 2020 became the imminent structure that
science instructors had to develop and demonstrate their agency to respond to the
abrupt educational change from FTF settings to NFTF ones (Fu & Clarke, 2022).
Particularly, science teachers’ limited agency while implementing lab courses
during the COVID-19 has been noted, which requires many material resources
such as experimental equipment in a given structure (Lee & Kim, 2021a; 2021b; Fu
& Clarke, 2022). However, it seems that there has been almost no research that
investigated university STEM instructors’ agencies regarding URLS during the

pandemic.

2.4.2 Sociocultural perspective on Korean science instructors’ agency

It is manifest that instructors’ beliefs, the distribution of resources, and the scheme
for using them cannot be the same worldwide but different according to the
sociocultural background where the teaching and learning occur. Therefore,
sociocultural factors affect instructors’ design and implementation of science
classes, including URL (Q4 in 1.2 Purpose of Research). Then, the way to consider

the sociocultural factors in Korea becomes significant.
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Several studies have interpreted a particular Korean science education field
from a sociocultural perspective. For example, Park et al. (2015) examined how
structure shaped teacher and student agency while implementing science classes in
an “innovative” middle school. Their seminal work suggested a multi-level (i.e.,
macro-, meso-, and micro- levels) understanding of a science classroom in Korea,
drawn from Bourdieu’s (1986; 1992) suggestion of a nested field. From the
sociocultural perspective, the components and interplay of each level were
delineated. Curriculum reforms, exam systems, and private education can be
components of macro-level structures; family, school, private institute, and peers
components of meso-level structures; and schema, students, resources, and teachers
components of micro-level structures around science classrooms. Through
qualitative analysis, they suggested that although teachers and administrators play
essential roles in structuring learning opportunities at the meso- and micro- levels,
they had a limited agency to address structural constraints from the macro-level.

Based on Park et al. (2015), Lim et al. (2021) explored the challenges a
Korean elementary teacher faced while implementing social action-oriented socio-
scientific issues (SAO-SSI) using the dialectical relationship of multi-level
structures and agency. Lack of educational resources and a negative perception of
society members were difficulties in macro-level structures; Teachers’ tendency to
avoid teaching SAO-SSI, administrator’s passive support, and curriculum
implementation culture were difficulties in meso-level structures; difficulty in
education about the meaning and value of social action, and differences in teacher-
student perception were difficulties in micro-level structure.

Also, it is notable that in Lim et al. (2021), with a multi-level sociocultural

understanding of the Korean science classroom, Priestley et al.’s (2015) teacher-

40



agency model enabled describing teacher agency in a diachronic sense, with
teacher agency being understood in the iterational, practical-evaluative, and
projective dimensions. Teacher agency 1is shaped by teachers’ past
professional/personal experience; present cultural, material, and structural aspects;
and their long- and short-term aspirations for future practice. The teacher agency
model of Priestley et al. (2015) was also employed to investigate science teachers’
agency during the COVID-19 situation (Lee & Kim, 2021a; 2021b).

However, there seems to be no research that interpreted university STEM
instructors’ instructional behaviors in the agency framework with a sociocultural
perspective, needless to say, concerning the remote labs during the COVID-19. In
Chapter 3 (Study 1), the university instructors’ agency at Hankuk University
utilized in implementing their remote lab courses during the COVID-19 will be

explored.
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2.5 Design and Development Research

2.5.1 Utility of instructional design model

ID refers to “a system of procedures for developing education and training
materials in a consistent and reliable fashion.” (Branch, 2017, p. 23) On the other
hand, ID can have two meanings: in a broad sense, it refers to describing the
overall process of ID and development; in a narrow sense, it refers to the ‘design’
stage in the ADDIE (Analysis, Design, Development, Implementation, and
Evaluation) process (Park et al., 2012; pp. 96-97). Throughout this dissertation, the
‘ID’ was used with its broad meaning.

ID models describe how to conduct the various steps that comprise the ID
process by enabling visualization of the overall process, establishing guidelines for
its management, and communicating among team members and with clients.
(Branch, 2017, p. 27). Therefore, ID models help instructors understand and
conceptualize the authentic teaching and learning field by simplifying the complex
procedure and process (Park et al., 2012, p. 99). Traditional and typical ID models
are based on a systematic approach - i.e., ID is a system consisting of its
components, which interact and exchange feedback with each other. Here, the
previous stage's output becomes the latter stage’s input, and this sequential system
defines an ID system that also has its primary input and final output, which can be
revised based on the feedback to yield efficient and effective instruction (Park et al.,
2012, pp. 100-101). In educational technology, ‘efficient’ focuses on the
instructor’s side while implementing the course, and ‘effective’ focuses on the
students’ side as learning outcomes. Therefore, if an appropriate ID model is
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developed and validated, an instructor may utilize it to efficiently design and
implement his/her course that ensures desirable learning outcomes.

Particularly, if we understand remote lab as a blending of laboratory
courses and e-learning, the necessity of an ID model for it increases. Only an
integrative model of the components of each can elicit a synergistic effect over the
complex characteristics of a remote lab. It has been reviewed above that a design is
considered crucial in e-learning. However, in the case of laboratory courses, the
convention of cookbook-style hands-on labs has been strong, and there seems to be
almost no research that adopted the ID perspective to improve its existing practice.
Consequently, although some researchers have suggested several design principles
for a remote lab (Winer et al., 2000; Lowe et al., 2013), the more comprehensive,
contemporary, or even the post-COVID-19 ID model for remote labs is still called

(Lee & Hong, 2021b; Q5 in 1.2 Purpose of Research).

2.5.2 The need for a flexible model

When the so-called traditional (or classical) approach to ID is systematic, which
supposes a linear, systematic, deterministic process — evaluation of the
instructional system may be fed back only after a demanding analysis, design, and
implementation of it to learners (Crawford, 2004; Nixon & Lee, 2001). However,
ID must consider the situations in which teaching and learning occur (Reigeluth,
2013). When the linearity of the conventional development approach becomes rigid,
it might not provide the “flexibility required to accommodate feedback and

revisions during the development process.” (Dowding, 1991, p. 26)
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Therefore, when a special need for flexibility arises from environmental
turbulence or complex educational systems, ID can instead follow a non-traditional
- flexible, adaptive, iterative, ... - process that starts from the need for a product
and uses constant feedback to make improvements (Crawford, 2004; Willis, 1995;
You, 1993). The chaotic COVID-19 pandemic, which affected educational
practices around the globe beginning in 2020, is undoubtedly a situation that
warrants a non-traditional approach (cf. You, 1993; Dowding, 1991). Notably, the
classical ADDIE framework can be used to develop a flexible ID model because of

its generic characteristics (Crawford, 2004; Branch, 2017).

2.5.3 Model development and validation research

Design and developmental research is defined as “the systematic study of design,
development and evaluation processes with the aim of establishing an empirical
basis for the creation of instructional and non-instructional products and tools and
new or enhanced models that govern their development” (Richey & Klein, 2007).
Notably, this approach has rarely been used in science education.
The design and development research can be categorized into product &
tool research and model research (Richey & Klein, 2007). Richey & Klein (2007)
again categorize the types of ID model research into (1) model development, (2)
model validation, and (3) model use. Study 3 corresponds to the first two: the
researcher developed an ID model for URL and validated it to guide the ID process
for URL.
The model development process can include a literature review, field
observations, and data from the experiences of previous designers/developers.
44
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Meanwhile, the model validation process can utilize data from expert review,
usability test, and field evaluation. Particularly, the model validation process
includes internal validation and external validation. The former focuses on the
components and processes in the ID model, while the latter investigates the
consequence of the instructional program derived from it (Richey & Klein, 2007;
Tracey, 2009). Among the empirical examination, the usability test and expert
review are conducted for internal validation and students’ responses or test results

for external validation (Richey & Klein, 2007; e.g., Tracey, 2009; Lee et al., 2017).

2.5.4 Rapid prototyping approach

To derive an instructional program from the ID model during the external
validation, the rapid prototyping (RP) approach was used. As signified in its name,
the strengths of the RP approach lie in iterative instructional program building and
revision (Nixon & Lee, 2001). Through its iterative process, the RP approach
offers high-fidelity problem-finding and problem-solving in the authentic
instructional situation, enabling the instructional program's efficient revision
(Nixon & Lee, 2001; Tripp & Bichelmeyer, 1990; Lim & Yeon, 2015, pp. 18-26).
Therefore, the RP approach requires modularity of the instructional unit and
plasticity of the media (Tripp & Bichelmeyer, 1990). The research field of Study 3
— a semester-long remote lab with computer-based instruction — satisfies those

requirements.
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Chapter 3. Study 1: University Instructors’ Agency
During the Implementation of Remote Laboratory

Study 1 aims to delineate how the university instructors’ agency was utilized while
implementing their URLSs during the pandemic. Note that the COVID-19 pandemic
and related prevention and control responses of governments were an imminent
structure imposed on institutions and people’s living world, including science
education, that shaped science instructors’ agencies. Therefore, investigating
science instructors’ agency during the implementation of remote labs during the
period would reveal unforeseen aspects of laboratory course design and
implementation process (Lee & Kim, 2021a; 2021b; Fu & Clarke, 2022).

The multi-level sociocultural perspective was supposed to be appropriate
for framing the URL phenomena at Hankuk University in the spring semester of
2020. Considering the unavoidable influence of the pandemic and limited power of
individuals in the situation, it was construed that structure | agency dialectics had
not worked during this period. Instead, only the unidirectional influence from the
former to the latter has been dominant, particularly for the first half of 2020. Thus
the research plot could be narrowed down from the Korean situation during the
global COVID-19 pandemic as a macro-level context, a university as a meso-level
context, and each implemented remote lab as a micro-level context. Further,
university instructors’ perceptions of the implemented remote labs and their
suggestions for future remote labs were also investigated. These would be
delineated as the practical-evaluative and projective dimensions of university

instructors’ agency (Priestley et al., 2015).
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3.1 Research Questions

Based on the above considerations, Study 1 aimed to (1) interpret the URL
phenomena from a sociocultural and teacher agency perspective, and (2) while
descriptively report the URL cases, both at a university in the Korean context. A
total of three research questions (RQs) were set:

RQ 1. What structures at the macro- (Korea), meso- (Hankuk University),
and micro- (each course) levels afforded or limited instructors’ agency while
implementing remote labs?

RQ 2. How did instructors at Hankuk University implement remote labs in
2020 during the COVID-19 emergency? (Were there any differences in
implementations of remote labs?)

RQ 3. How did instructors at Hankuk University perceive the implemented

remote labs, and what suggestions did they make for future remote labs?
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3.2 Method

3.2.1 Participants

The researcher interviewed 10 instructors at Hankuk University who took charge of

URL implementation in 2020. The participants were recruited via e-mail and

snowball sampling Participants included one TA in Chief (TAC) in the physics lab,

two TAs in the chemistry lab, two lecture professors (LPs), one TAC in the biology

lab, two TAs in the earth science lab, and two TAs in major course labs. Here,

TAC refers to the lead TA who manages the LS course’s overall implementation

and directs other TAs. The detailed information of the participants is presented in

Table 4.

Table 4. Participants who engaged in the URL in 2020

Code Semester Department Status Gender Notes
TAC_PhysLabl 1stand 2" Physics Ph.D. student M
TA_ChemLabl 1 Chemistry M.S. student M
TA_ChemLab2 2nd Chemistry Ph.D. student F
) . . Lecture Has engaged in biology lab
LP_BioLabl 1%t and 2" Life science M )
professor since 2013
) . . Lecture Has engaged in biology lab
LP_BioLab2 1%tand 2" Life science F )
professor since 2013
TAC_BiolLabl 2nd Life science Ph.D. student M
Earth science
TA_EarthLabl 1t and 2 . MA student F Had been a secondary teacher
Education
Earth science
TA_EarthLab2 2nd . MA student F Had been a secondary teacher
education
Course: Analytical chemistry
. experiment; Had been a
) Chemistry .
TA_MajorLabl 1 . MA student M chemistry lab TA/Had
education . .
written a case-study article
about URL
. Course: Life science
. Biology . .
TA_MajorLah2 1t ) Ph.D. student M experiment and teaching
education

method
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3.2.2 Qualitative interviews

Qualitative interviews were conducted from November 2020 to March 2021. The
researcher interviewed most participants individually (except LP_BioLab1-2), with
semi-structured questions. Interview questions included information about the URL
instructional system, decision-making processes, endeavors, and perceptions of
URL implementation in 2020 (Figure 4). The interviews took about 50 minutes
each. Considering the pandemic situation, six of the ten participants were
interviewed via the Zoom webinar program, and the other four were interviewed
FTF abiding by the Korean government’s public health and safety rules. All the

interviews were recorded and transcribed.

O Participant information
- Please explain your affiliation and status.
- What RLS were you engaged in implementing in 20207

O Characteristics of the course

- What do you think of the characteristics of the RLS you engaged in?

(As a science discipline and/or LS)

- Please describe the details of the RLS instructional system you engaged in.

O Emergence and implementation of LS

- What was the decision—-making process for the implementation of the RLS in
the non-face-to-face format in 20207

— Through what process were the course details, such as shooting the video,
course content, and lab report evaluation decided?

- What were the resources, such as human resources, that were available while
implementing the RLS?

O Perception on the RLS

- Do you think students fostered the appropriate knowledge, skills, and attitudes
in the RLS course?

- What were the pros and cons of the non-face-to-face RLS that vyou
implemented in 20207

O Thoughts on future RLSs

- Have you planned or did you realize possible improvements for the future while
implementing the RLS in 20207

- What do you suggest for future RLSs should the emergency situation continue?

Figure 4. Examples of the questions in the semi-structured interviews
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3.2.3 Data analysis

The constant comparative method (Glaser, 1965) was used to analyze the interview
data. The researcher initially coded the transcription and constantly compared the
codes with the data to revise the codes several times. Here, the framework of the
macro-, meso-, and micro- level structures (Bourdieu, 1986, 1992) that afforded
and limited university instructors while implementing URL (see Park et al., 2015)
was used. As each level needed different emphasis in the Korean context, broader
social contexts and literature were referred to for the macro-level structure. The
previous practices of laboratory courses in the university and the interview data
were referred to for the meso-level structure. Finally, mainly the interview data was
referred to for the micro-level structure. Meanwhile, the practical-evaluative aspect
of the teacher-agency model (Priestley et al., 2015) during the first (spring)
semester was focused on because most of the instructors had no significant past
professional experience in the laboratory courses. However, the projective aspects
of instructors’ agency toward the future remote labs they might implement were
considered, including the information from the second (fall) semester.

The interview participants were requested to provide documents related to
their remote labs, such as syllabuses and/or course plans. In addition, Study 1 was
conducted in step with Study 2, which examined university students’ perception of
the remote labs implemented at Hankuk University in 2020 via an online survey
and follow-up interview. This information was used to triangulate the analysis of
the interview data. In addition, the research process was continuously shared and
discussed via an online international joint symposium and internally in the research

team in Korea.
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3.3 Results

The structural elements that shaped remote labs at Hankuk University in 2020

according to macro-, meso-, and micro- levels are visualized in Figure 5.

Macro-level

Meso-level

Micro-level

Centralized governmental
power and educational ICT infrastructure
enactment

Hankuk University as a
national university

Hankuk University

Conventional system of
massive general LSs

Instructors' beliefs about
the proper way for science
inquiry
Remote Lab
Sessions A

Nature of each science Affordances of
discipline online education platforms
N

Figure 5. Structural elements that shaped remote labs at Hankuk University in 2020
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3.3.1 Macro-level context: South Korea

Centralized governmental power and educational enactment

As universities in Korea cannot avoid being dependent on the KMOE, they had to
wait for and follow the decision of the Ministry concerning education during the
pandemic situation. However, the response from KMOE to the COVID-19
pandemic can hardly be said to have been expeditious (although they cannot be
blamed because of this). K-12 schools and universities in Korea usually start their
first semester of the year in the first week of March. However, this was not the case
in 2020. The first confirmed case of COVID-19 in Korea was reported on January
20th, 2020, and as the disease spread in Korea, on February 5th, the KMOE
recommended that universities postpone the start of the first semester up to 4
weeks which was unprecedented. Moreover, the KMOE specified that all
university courses should be implemented using an NFTF format. As a result, most
universities in Korea had to make not easy decisions and consequently started the
semester in the third week of March, and all courses started in an NFTF format.
Although the KMOE allowed some FTF classes in practical work courses in May,
the KMOE inspected whether the universities abided by preventive guidelines, and
most universities retained the NFTF format until the end of the semester.?

These preventive and regulative responses of the government and
education authority were a macro-level structure connected to the meso-level

structure of Hankuk University. The administrators and instructors had to wait until

3 For the timeline described here, the researcher referred to the news articles from
University News Network (2020a, 2020b).
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they got the information, which indirectly but significantly limited the agency of

laboratory instructors.

The ICT infrastructure

Korea is well known for its high-quality ICT infrastructure: More than 95% of the
population (approximately 45 million people) have access to high-speed internet.
This helped the country respond more successfully to the COVID-19 pandemic
than some other countries could (see Park et al., 2020). In education, in particular,
many high school students in Korea are accustomed to attending internet online
lectures as a form of private shadow education in addition to formal education in
school (see Shin & Jang, 2011). Therefore, when the whole education system in the
country had to shift to NFTF education via the internet, instructors and students
could make an easy transition. No instructor who participated in this study said that
anybody had any problem with internet access while implementing URL - instead,

the ICT structure of Korea was appreciated for enabling smooth NFTF courses.

I just thought it ran well compared to what I’ve expected. ... anyway,
observing various responding methods, I felt ‘Oh, our country is an IT

powerhouse.” (TA_ EarthLab2)

And as described later, this ICT infrastructure was closely related to the
use of various online education platforms in the micro-level context that afforded

and/or limited instructors’ design and implementation of 