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ABSTRACT KEYWORDS
Teacher education programs have the dual task of teaching specific Emergency remote teaching
subject content while also providing examples of how this contentcan  (ERT); primary teacher
be taught in schools. This task is especially important, and also proble- education; science
matic, when it comes to technology and science education, where  education; technology
hands-on components such as design/construction exercises, labora- education

tory exercises, and excursions are central epistemic practices. When

COVID-19 hit, Swedish universities were forced to change from cam-

pus-based teaching to online distance education, termed “emergency

remote teaching (ERT).” The present study aims to investigate univer-

sity teachers’ experiences of how hands-on components in science

and technology education worked in the ERT mode that arose during

the COVID-19 pandemic. The analysis was performed with a social

semiotics and community of inquiry framework, and shows that both

the type of instruction and the subject content were impacted. In

particular, the reduced opportunities for students to apply scientific

and technical methods and the reduced ability of teachers to deter-

mine whether the students had understood their instruction gener-

ated new ways of communicating and supporting the students’

learning. Therefore, analysis of meaning making in science and tech-

nology online-learning contexts needs to address the topics of the

nature of science (NOS) and the nature of technology (NOT). An

extended, three-dimensional model of meaning making is suggested.

Introduction

Teacher education is different from other vocational study programs at university level
because it aims to 1) teach students a subject’s content and 2) teach students how to teach
that content (Hartman, 2005). Teaching staff in teacher education programs thus find
themselves at the intersection between teaching science content, subject-specific education
(cf. fachdidaktik, Seel, 1999), and pedagogy (cf., Blackley et al., 2021). Their task is
particularly important and problematic in technology and science education, where hands-
on components such as design/construction exercises, laboratory exercises, and excursions
constitute key epistemic practices. Students’ involvement in such activities supports their
learning of authentic scientific and technological practices and provides them with exam-
ples of how they themselves can plan their lessons (Nordlof et al., 2022; Rudolph, 2019).
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However, this type of instruction is expensive and in recent years there has been
a discussion about the use of digital solutions (e.g., Stenbom et al., 2017), which generally
have not gained traction.

During the spring semester of 2020 when the global COVID-19 pandemic hit, however,
Swedish universities were forced to quickly transition to distance education. This transition
did not apply to online learning or blended learning courses, which were already designed
to be provided as distance education (or both as distance education and on campus), but
rather to campus-based courses, due to the crisis. This type of teaching is called “emergency
remote teaching” or “ERT” (Hodges et al., 2020), and this article investigates university
teachers’ experiences of ERT, in relation to hands-on components such as laboratory
exercises, excursions and design/construction exercises in science and technology in pri-
mary teacher education.

The online and blended learning research field is extensive, not only because there has
been a lot of research done but also because online/blended learning occurs in many
different forms (see, e.g., Lowenthal et al., 2009; Moore et al., 2011; Rasheed et al., 2020).
However, the use of web-based tools to handle hands-on components in teacher education
is an area of research that has so far attracted limited attention in science and technology
education and related fields. From the small amount of previous research, we do know that
it is important that teachers get continuing professional development and opportunities to
discuss teaching and learning so that they can re-imagine hands-on subjects and how they
can best be taught in online form (Burke, 2021).

There are some studies focusing on how students handled ERT during the pandemic
(e.g., Blackley et al., 2021; Colthorpe & Ainscough, 2021; Salta et al., 2021). Yesiloglu et al.
(2021) concluded that chemistry student teachers see both advantages and disadvantages of
being able to participate in chemistry lab exercises in the form of filmed online experiments.
Two positive aspects highlighted are being able to participate from home and being able to
view the same filmed material multiple times. But many students also described uncertainty
about conducting laboratory exercises themselves and felt that they had only learned
“theory.” A related study showed that laboratory exercises do need to be carried out on
site for students to gain hands-on experience of laboratory work, but also because they need
support from teachers (Gerstenhaber & Har-El, 2021).

During the pandemic, teachers struggled with the lack of experience with ERT technol-
ogy and teaching online (Boltz et al., 2021). One of the few studies of how teacher educators
handled ERT concluded that they quickly learned to use new interactive tools such as Zoom
and YouTube in their teaching and that field work and excursions were not canceled, but
were converted into another format, for example, by students filming themselves (Fackler &
Sexton, 2020). However, Fackler and Sexton’s study, like the other studies mentioned above,
do not deal with university teachers’ experiences of how hands-on components have been
impacted by being done in ERT mode in the context of science and technology teacher
education.

Problem formulation and aim

Because the teacher educator stages the teaching in ways that aim to inspire teacher education
students in their own teaching, this could have an impact on the subject-specific education
communicated to the students. The present study aims to investigate university teachers’
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experiences of how hands-on components in science and technology education worked in
the ERT mode that was adopted during the COVID-19 pandemic. More specifically, the
paper is guided by two research questions, namely: according to the teachers, 1) what impact
did the ERT mode have on the pedagogical aspects of the teaching, and 2) what impact did
the ERT mode have on the taught content during the Covid-19 pandemic?

Theoretical foundations

Because this article deals with science and technology education, the central epistemological
nature of these domains—nature of science (NOS), and nature of technology (NOT)—are
central theoretical concerns. Furthermore, meaning making in science and technology
occurs by utilizing semiotic resources, and this happens in an online context that we refer
to as the “community of inquiry (Col).”

The nature of science

Natural science rests on epistemological foundations that not only permeate curriculum
components but also constitute the raison d’étre of the sciences in themselves. NOS thus has
to do with what sets the natural sciences apart from other subject areas such as religion or social
science, that is, the essential nature of the natural sciences (Lederman et al., 2014; Osborne et al.,
2003). Central to NOS is not only scientific inquiry that forms the basis of scientific knowledge,
but also process skills such as posing hypotheses, making systematic observations, and design-
ing experiments to investigate specific questions. NOS also includes creativity in scientific
inquiry and the realization that knowledge is not static (Hansson et al., 2014). NOS entails core
epistemic practices, such as laboratory work and excursions (e.g., Strippel & Sommer, 2015).

The nature of technology

Technology is notoriously difficult to define, so narrow and exclusive definitions are
uncommon (Hughes, 2004), but in principle technology is about the human-built or
designed world. A common philosophical framework for NOT suitable for technology
education divides technology into four dimensions (cf., Meijers, 2009): volition (will),
knowledge, activity, and object (Mitcham, 1994). Technology constitutes objects or systems
that people (with their volition and knowledge) design, construct, and use through different
activities. In contrast to the descriptive nature of scientific knowledge, technological knowl-
edge can be both descriptive and normative; the important thing is to get technological
artifacts and systems to work (Vermaas et al., 2011; de Vries, 2016). Technology education
is therefore characterized by students acquiring knowledge through technological problem-
solving and design activities to understand, create, manage, and evaluate technological
objects and systems, in the context of humans, society, and the environment
(DiGironimo, 2011; ITEA, 2007; Pleasants et al., 2019; Xu et al., 2021).

Meaning making using semiotic resources

From a social semiotic perspective (e.g., Tang et al., 2022), both materials (Frejd, 2018;
Hetherington et al., 2018) and interaction (Walker & Baepler, 2018) become resources in
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the process where new experiences are contrasted with previous experiences and meaning
making occurs (Frejd, 2019). In this article, we use the term “semiotic resources” to describe
language, gestures, materials, and other resources used in communication (Frejd, 2018;
Tang et al., 2021, 2022; Van Leeuwen, 2005). Depending on the context, a measuring
cylinder, a sample, a piece of Lego®, a PowerPoint presentation, and a spruce or pine can
be seen as semiotic resources.

Community of inquiry

In online teaching, semiotic resources influence meaning making in a digital teaching
context (e.g., Oh et al., 2018). The Col framework (Garrison et al., 1999, 2001) suggests
that meaningful online learning can be created by including three interdependent elements:
social presence—the ability of learners to develop social relationships and identify with
a community; cognitive presence—the ability of learners to construct (subject-specific)
meaning; and teaching presence—the ability of teachers to design and implement teaching
that directs social and cognitive processes toward meaningful learning (e.g., Bozkurt, 2019).

The Col framework helps us understand the ERT context, in which subject-specific
semiotic resources support meaning making in relation to social, cognitive, and teaching
presence (Figure 1).

Context, research design, and method
Background and context of the study

Science and technology teacher education programs vary over time and between countries,
depending on historical context, school system, teacher education model, and the nature of
the subject content (Hallstrom, 2015). Overall, the Primary School Teacher Program is an
academic program preparing students for a learned profession encompassing both subject
matter and pedagogy knowledge (cf., Openshaw & Ball, 2008). The Swedish Primary School
Teacher Program is a unified program for teachers of school grades one to three, in which
the same teacher often teaches most subjects. All students in this program at the studied
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Figure 1. Semiotic resources in an ERT context as community of inquiry.
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Swedish university take courses in technology and science amounting to 30 credits. The
course in science is in turn divided into three smaller courses, Biology, Physics, and
Chemistry, which are taught one at a time during the students’ third year. During the
autumn semester of 2020, most of the campus-based classes were switched to ERT (except
for Chemistry), at a time when the teachers were not used to teaching online. In this article
we have focused on the normally campus-based courses in Physics, Biology, and
Technology.

To better discuss how the subject content of technology and science has been impacted
by the ERT mode, we will first briefly describe how the courses are normally taught. In the
Technology course, great emphasis is placed on the students becoming confident in teach-
ing technology as well as giving the students a basic knowledge of the history of technology
and technology in relation to humans, society, and the environment. Throughout the
course, stories are highlighted as teaching tools, and the students produce their own design
storyboards and test digital storytelling, as well as going on technical excursions in urban
environments and doing design exercises.

In the Physics course, there are three subject blocks: Astronomy, Mechanics, and Sound
and Light. A feature of the Physics course is that teachers combine traditional lectures in
large lecture halls with demonstrating experiments that activate the students on the spot.
For example, one teacher usually plays sounds with increasingly high frequencies and then
gets the students, who are of varying ages, to sit down once they can no longer hear the
sound. The last one standing often is the youngest student, which shows how hearing
deteriorates with increasing age.

The Biology course has the evolution of life as its main theme. Both excursions and
laboratory exercises focus on the systematics of organisms as their subject content. In the
course, making observations, systematic comparisons, and field work are key elements.

In all these courses, part of the teaching takes place off campus. In the Technology and
Physics courses, the students visit museums, science centers, and places in the urban
environment. In the Biology course the students conduct two excursions in the natural
environment. All courses also include regular academic types of instruction, such as lectures
and seminars, and subject-specific methods such as laboratory exercises (Physics and
Biology) and design exercises (Technology). Table 1 summarizes the types of instruction
and contexts used in the courses and the subject content taught under each type of
instruction.

Research design and method

After the courses were finished in November 2020, the instructors in the Biology, Physics,
and Technology courses in the primary teacher education program participated in qualita-
tive, semi-structured interviews (Brinkmann & Kvale, 2015) over Zoom (approximately
50 minutes each). The interviews focused on the teachers’ discussion of the transition from
campus-based teaching to ERT during the COVID-19 pandemic in the autumn of 2020.
Two teachers were interviewed separately, and the other two were interviewed together
because they worked jointly on both the Technology course and the Physics course.

An interview guide with three themes was developed: 1) introductory questions about
their thoughts and feelings about teaching the specific course in ERT mode; 2) questions
about specific course components, including, for example, questions about the challenges
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Table 1. Types of instruction, contexts, and subject content in the studied courses in regular, on-campus
mode.

Course Technology Physics Biology
Types of Lectures Interactive on-campus lectures  Lectures
instruction Workshops with e.g., demonstrations of ~ Teacher-led excursions
Literature seminars experiments Teacher-led laboratory exercises

Teacher-led laboratory exercises Literature seminars
Science education seminars

Contexts Lecture hall, technical museum,  Lecture hall, seminar room, Lecture hall, laboratory, natural
computer room, seminar laboratory, urban environment, seminar room.
room, laboratory, urban environment, two different
environment. science centers.

Subject content  Lectures: History of technology Lectures: Astronomy, sound and  Lectures: Life, animal systematics,
and technological change, light, force, motion, energy, human anatomy and
types of knowledge in historical perspectives on the physiology, ecology
technology, gender, and evolution of science Excursions: Nature, landscape
technology in relation to education. types, fieldwork and
humans, society and the Laboratory exercises: Astronomy identifying and classifying
environment. (planetary walk), sound and species.

Workshops: Digital storytelling, light, mechanics. Laboratory exercises: The
technology in children’s Literature seminars: central systematics and evolution of
fiction, history of technology, concepts and questions, animals. Classifying animal
and design/construction. based on the course species within the local

Literature seminars: central literature. environment, and specimens
concepts and questions, based from other ecosystems and
on the course literature. time periods. Comparison

between different groups of
animals.

Literature seminars: central
concepts and questions, based
on the course literature.

and opportunities of teaching in ERT mode and questions about what was “gained” or “lost”
by teaching the component in ERT mode; and 3) concluding questions about what went
better than expected, the biggest challenge during the pandemic, and whether any of the
changes could be made permanent.

The interviews were transcribed in their entirety and the analysis was performed on the
original transcript, although examples provided in the section “Findings” were translated to
English. An initial inductive coding and sorting of the material was done assisted by
MAXQDA, and three main themes emerged. Coding was done at the sentence level. In
other words, segments which in themselves carried meaning were coded as separate units
(Hennessy et al., 2020). At this point, many segments had been coded twice and even three
times. For example, the following segment was coded as both “Dynamic, human interaction
lost” and “Students and teachers change their behavior™:

The structure is also important when teaching online. Because you don’t see what the students
look like and how they react. Rather it’s a matter of really having thought ahead, I think, before
you hold the lectures.

In the processing of the material, we became increasingly interested in the tension between
the content of the subject and the type of instruction. All material was reviewed once again
and thematically coded (cf., Braun & Clarke, 2006) to capture the teachers’ reasoning
regarding how the subject content of Technology, Biology, and Physics was influenced
due to the context of the teaching having been changed (see Table 2). At this point, one of
the single-teacher interviews was removed from the data because the teacher had not
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Table 2. Summary of final themes and sub-themes, relevant examples, and involved coders.

Theme/sub-theme Example Coder

Consequences of ERT for the Author 1 and 2 jointly.
type of instruction

Change in interaction and “IWlhat | lost is like seeing ‘are the students with me?' [...] Author 1 and 2 jointly.
dynamics So sometimes | may have been a bit too overly explicit

when | have held some lectures [online].”
Adaptations and new learning  “We have worked much more with support material on [the Author 1 and 2 jointly.
resources local learning management system]. | made a quiz to
practice species, which | think was quite appreciated by
them, and they used it quite a lot.”

Consequences of ERT for the Author 1 and 2 jointly.
subject content of the
teaching
Changed content in teaching “The main drawback is that you do not see others working, Mainly Author 1, but
Technology | think. | think it is an important lesson that you actually validated by author 2.
see what others are doing and how others are solving the
problem.”
Changed content in teaching “What | lose is some experiments. | tried here from home to Author 1 and 2 jointly.
Physics run it on my balcony, why the sun is yellow and the sky is
blue. It wasn't that great | would say.”
Changed content in teaching “You can actually divide the content into two parts. One isto Mainly Author 2, but
Biology provide, so to speak, terminology and factual knowledge,  validated by author 1.

and that can of course be done in alternative ways.”

changed their teaching to ERT, but rather kept their course components entirely on
campus. The final number of participants thus became three.

In line with ethical guidelines, the teachers were informed about the purpose of the study
and that their participation could stop at any time by withdrawing their consent to
participate. In addition, they were informed about how the study’s data would be processed
through secure storage on the university’s servers, in accordance with the European Union’s
General Data Protection Regulation, and that the data will only be used for research
purposes (Swedish Research Council [SRC], 2017). We present our findings in the next
section, using pseudonyms to anonymize our participants.

Findings

The following text presents the analysis of the interviews under two main themes: con-
sequences of ERT for the type of instruction and consequences of ERT for the subject
content of the teaching. Each theme is divided into sub-themes.

Consequences of ERT for the type of instruction

This main theme describes the participants’ experiences of how the transition to an online
format influenced the type of instruction.

Change in interaction and dynamics

In the Technology course, Jamie would normally take the students to a technical history
museum for a tour of exhibitions of military aircraft and interiors of civilian homes from
different periods in history while talking about the driving forces of technology and the
appearance and function of various technical objects. When this excursion was done in ERT
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mode, Jamie showed images from the museum via Zoom. Here he describes how the
excursion is usually done:

Just like when you give a lecture a number of times, it’s never quite the same thing every time
because of course there is interaction between students and. . . . er, things come up, events, there
might be a sound in the background - and in this case it is usually aircraft or helicopters or
something like that - that takes you off on another thread.

Jamie concluded that even though he has given the same lecture many times, it is never the
same. The focus can shift very quickly when “things,” such as the sound of air traffic, “come
up.” Jamie’s reasoning is interpreted as meaning that the technical history museum as
a context, with its sounds and material, influences the content because the external stimuli
“take him off” on another thread. Jamie then described how the teaching turned out in the
ERT mode:

It became more, as I said, more like a lecture rather than an experience. It was flatter. There is
very little discussion, conversation, and exchange of ideas. And that was partly because they
were many more in number. Instead of doing this with 20 students at a time, it was, could they
have been 80 or whatever number they were.

Jamie initially said that the course component became “more like a lecture rather than an
experience” and that it became “flatter.” This could be interpreted as meaning that Jamie
wanted to do something other than to read and that he did not feel completely satisfied with
less discussion and exchange of ideas. The increased number of students who participated
in the online format—80 students instead of 20—could be a reason why the level of
interaction changed. Later in the interview Jamie returned to talking about how the
component changed in the ERT mode:

Spontaneity just disappeared entirely because I decided beforehand that I would take up these
different things and most of them require some kind of image support to talk about them. And
then there is like no opportunity to discover anything ... a question that comes up you can
like ... normally you can point it out on site — and talk about it. But here there is no way of
getting there, instead you have just had to control beforehand ... I mean everything,
beforehand.

Jamie highlights that “spontaneity disappears” and that it was not possible to capture what
students are asking about, because what is said was prepared beforehand and supported
with selected PowerPoint images. Jamie’s reasoning is interpreted as him missing the
physical access to the space, the unanticipated sensory impressions, and the subject-
specific material, since all these factors help make the class dynamic. In other words,
Jamie’s teaching presence is actualized when other materials and events become semiotic
resources in ERT compared to the museum context. In the long run, the ERT mode affects
the narrative—it becomes more controlled.

Charlie described similar adaptations, and his description also reflected how other
semiotic resources become important in normal, on-campus teaching mode compared to
when the component is taught as ERT. In the following excerpt, he talks about this in
relation to how he usually teaches complementary colors and illustrates theory with
experiments. The excerpt begins with the interviewer/author asking what Charlie usually
does:

Author: How did you do this when it was on campus, previously so to speak?
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Charlie: Well, then I stood at the whiteboard and illuminated it with a floodlight, and then
I took up an A4 sheet of green paper, for example.

Author: Aha.

Charlie: And placed this on the whiteboard, and I would ask them to look at it for
30 seconds, and then I whipped it away like that and then they see the comple-
mentary color to green like that. I arranged it so that I had, at the lecture, a green
color in PowerPoint at the lecture and then they were asked to look at a white
surface afterward, and it worked perfectly fine, it wasn’t a problem [...] but what
I'lost is like seeing “are the students with me?” You see that so well—in their eyes,
posture, and such things, their smiles—if they understand or don’t understand. So
sometimes I may have been a bit too overly explicit when I have held some lectures
[online].

Charlie described how he usually illustrates complementary colors by first shining a bright
light on a green paper held against the whiteboard in the lecture hall. When the same
component was to be done during a streamed lecture, the green color was shown on the
students’ computers and instead of looking at the white whiteboard, then they looked at
a “white surface” in their home. Charlie noted that this ERT solution worked well, in that
the students could see the complementary color, but the interaction with the students was
different, which created difficulties with the students’ social presence, in seeing whether
they were “with” him. Charlie described looking at the students’ body language and facial
expressions to determine whether they had understood what he wanted to convey
(Mavrommatis, 1997). This can be interpreted as Charlie saying that even though the
experiment itself, showing complementary colors, worked well, he did not feel sure about
the cognitive presence, whether the students understood what the purpose of the experiment
was or what happened when they saw the complementary color on the white surface in their
home. Because students’ social presence (Oh et al., 2018) is different online, and Charlie was
unable to see the students’ reactions, he became “overly explicit.”

Both Jamie and Charlie gave examples of how the social and the teaching presence
changed in ERT mode. Jamie said that “spontaneity disappears” when what he is going to
say is planned in detail instead of being shaped by the moment, and Charlie described that
he becomes “overly explicit” when he does not receive the same direct feedback from the
students. The dynamics and interaction with the semiotic resources of the surrounding
environment thus also impact the discussions between teachers and students. The next
theme focuses on how teachers have developed their teaching repertoire because of ERT.

Adaptations and new learning resources
Charlie did not use PowerPoint presentations in his lectures before the pandemic, but this
became standard in his streamed lectures:

[The PowerPoint presentations] were good, the students said, and then I said that I can post
them as extra material so you can look at them as well. Because of course it also means you can
do your own experiments on them, you kind of hear ... yeah, what you hear with your ears.
And you can check out complementary colors and you can check your blind spot and the like.
So it’s up there [on the local learning management system] actually. It’s possible that I will post
that as extra material next year; we will see.
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When the students expressed to Charlie that they appreciated his PowerPoint presentation,
he uploaded it onto the course’s local learning management system, thus enabling the
students to do their own “experiments,” such as finding their blind spot and seeing
complementary colors. Charlie also stated that it is possible that he “will post that as
extra material next year.”

Alex also talked about more supporting material when the campus-based lab sessions
and the instructor-led excursions were not provided in the Biology course:

We have worked much more with support material on [the local learning management
system]. I made a quiz to practice species, which I think was quite appreciated by them, and
they used it quite a lot. Then I could go in and see how much they ... what they struggled with
and how much they used it. It was like a way to practice knowledge of species from home.

Alex described having designed a species quiz and stated that he could see what the students
“struggled with,” which is interpreted as being that he was able to see which questions the
students answered correctly or incorrectly in the digital form. In addition to the students
being given the opportunity to “practice knowledge of species from home,” the quiz thus
also served to give Alex feedback on what the students were having difficulty with. Alex
further stated that the support material will probably continue to be used in a normal (on-
campus) mode:

There are of course things that you want to keep [...] And you note that of course from the
students, that they really appreciate very much all the support material they get.

As we saw in the previous sub-theme, the social presence changed with ERT mode. To
handle this, the teachers created new ways to support students in their learning. By creating
an online quiz, Alex was also able to compensate for the limited opportunities for student
feedback, since he could see in the quiz what the students had answered correctly or got
wrong.

Other examples of adaptations that recur in the interviews are that the teachers created
open, online question times. Charlie described, for example, how he connected to Zoom
one hour every Friday. In answer to a direct question about whether there was anything he
would like to take with him from ERT mode to normal (campus) mode, Charlie replied:

Charlie: Well, that hour every Friday, it’s worth a lot. And it’s not especially arduous either.
The only thing is that you are tied to sitting in front of the computer. But as I said,
you can work with other things as well if there are no questions that come up. I'm
going to keep this if there are economic possibilities in the courses.

Author: It’s a bit like, I'm thinking, having your office door open.

Charlie: Yes, it is. But it’s easier. They can sit at home [...] You also avoid the e-mails ...
that fill your mailbox, and they can also hear each other’s questions. There are quite
a few positive things with those Friday meetings.

The interviewer compared Charlie’s online meeting every Friday with having “the office
door open.” Charlie agreed but said that it is easier for students to participate online because
they can do it from home. He also pointed out that another positive thing about the “Friday
meetings” is that he gets fewer questions via e-mail.
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This theme highlights how ERT has led to a change in the social and teacher presence,
how teachers have tried to manage the changed teaching situation by adding new ways to
support the students, and that some new learning resources (online quizzes and PowerPoint
presentations) and ways to communicate (online question times), will continue to be used.

Consequences of ERT for the subject content of the teaching

The following theme is about how the subject content in teaching science and technology
has been impacted by ERT.

Changed content in teaching technology

In the interviews, the discussion around the subject content of the Technology course was
mainly about changes in the students’ opportunities to apply a technological problem-
solving approach, which includes identifying needs, and designing and creating solutions.
The Technology course usually includes a design exercise where students in small groups
are required to create technical solutions to cross a lake, for example. Normally, this is done
in a technology classroom where students have access to tools and construction materials in
the form of wood, plastic, glue, etc. Jamie believes that this can be challenging for students
when they are not in the same room:

The main drawback is that you do not see others working, I think. I think it is an important
lesson that you actually see what others are doing and how others are solving the problem ...
here you are very much alone in trying to solve a problem. And the same thing that I talked
about with creativity et cetera . . . if you want to get anywhere you need to see different types of
solutions; now you are just seeing “end results” (gesture) [...] not the process itself.

Jamie’s discussion highlighted how cooperation and the opportunity to share in others’
ideas are important aspects of the students’ learning about technical design. He linked
creativity to the opportunity to see how others solve the same problems, but also to
accessing examples of different types of solutions so that, in relation to the design process,
students can engage in meaning-making processes that generate ideas for a variety of
solutions and then evaluate the solutions proposed (Schut et al., 2022). This is interpreted
as Jamie meaning that the students, through seeing others solve similar tasks, become more
creative themselves. This can be seen as an example of the social presence also influencing
the cognitive presence, that is, the students’ ability to make meaning about technology.

In the previous main theme, several examples were given of how Jamie adapted a course
component, previously done in the form of an excursion to the technical history museum,
to ERT. Here also, the subject-specific content was impacted by being done as ERT:

And the next step that was hard was finding images [...] So that controlled, of course, quite
a lot about ... how I ... how and what I could talk about. Some of the things I talked about
disappeared altogether because I didn’t find good pictures that showed what I wanted to talk
about.

Jamie described how ERT “controlled” what he could “talk about” and he also noted that
some objects—and thus parts of that dimension of technology (Mitcham, 1994)—were
rationalized away because he did not find “good pictures” that he could use as semiotic
resources in his teaching. In Jamie’s reasoning above, it is clear that ERT influenced the
choice of content that would, or rather could, be taught.
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Changed content in teaching physics

In the same way as designing and constructing can be seen as a fundamental part of the
subject of technology (Nordlof et al., 2022), designing and conducting experiments is
a fundamental part of science practice (de Vries, 2021). Charlie makes the following
reflection on what he loses with ERT:

What I lose is some experiments. I tried here from home to run it on my balcony, why the sun is
yellow and the sky is blue. It wasn’t that great I would say; I cut that. Instead, I just did
a description with words there, unfortunately.

Although Charlie told us that some content worked well with the transition to ERT mode
(for example, seeing your own blind spot by looking at an image in a PowerPoint presenta-
tion at home), it seems that not all experiments work as well at home. He told us that
“unfortunately” he had to use a written description of why the sun looks yellow and the sky
looks blue. The word “unfortunately” means that Charlie’s reasoning is interpreted as
meaning that when there is a change from actively doing experiments to merely reading
or talking theoretically about a phenomenon, something in the nature of the subject is lost.

Changed content in teaching biology

In relation to the subject Biology, Alex gave many examples of content relating to NOS
(Lederman et al., 2014) and scientific inquiry (Hansson et al., 2014). During the interview,
Alex reflected that the natural sciences could be divided into two parts—theory and
practice:

You can actually divide the content into two parts. One is to provide, so to speak, terminology
and factual knowledge, and that can of course be done in alternative ways [. . .] But what we also
want to provide is experience of and training in observing nature. And those skills, that content
in the form of the skills to do that, it does become much more difficult, almost impossible, to do
at a distance, because of the direct interaction you have out in the natural environment, and we
cannot replace the experience of being in the natural environment, to hold and feel things, to
smell things, and so on, with a virtual experience, because there . .. it’s not possible to do that.
So that part of the content was perhaps lost, but we still managed a factual foundation for them
and the terminology foundation as well.

Alex described teaching Biology at university as being on the one hand about factual
knowledge, concepts, and terminology, but that on the other hand students must also be
active and develop scientific process skills by, for example, “being in the natural environ-
ment” and using different senses when making observations. Later in the interview Alex
returned to this and pointed out that the students need to “practice reading the natural
environment.” These aspects that relate to “reading the natural environment,” are
a fundamental part of scientific inquiry which can be considered to be specific to the
subject of biology (Bowler, 2000). Alex noted that factual knowledge can be taught in
a satisfactory manner in “alternative ways,” whereas practicing scientific process skills
such as making observations and experiencing the natural environment is “not possible
to do” virtually. This is interpreted as meaning that Alex acknowledges that parts of the
subject content of the natural sciences can be adapted to ERT, but that the cognitive
presence in online Biology teaching is restricted, in that scientific inquiry requires
a common physical context to a greater extent.
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One way to keep the hands-on components in the Biology course was to let the students
do excursions on their own. Alex told us:

It is of course more difficult to do on your own, but it is at least a better way to go out and do it
yourself than not do it at all [...] However, what is lost there is that when you don’t have any
deeper knowledge about learning to distinguish things in a context, it is very difficult to know
what to look for and where to look, and it is the knowledge that the expert possesses that can
guide a novice in learning to look in the right way and . . . in a way to reflect on the subject, what
the important elements to look at are, and what connections are there. This is something that is
difficult for the novice to do, and it very easily becomes a superficial observation when you do it
unguided, so to speak. And that is, of course, what the interaction is when you are out with an
expert and can also observe the expert’s way of reasoning, moving, looking at things. That part
is lost when you do it on your own so to speak. [...] And it is more difficult, I think, to guide in
a structured way with written instructions. It is really this that is the difficult part in this,
I think. They can learn to recognize common species, they can practice learning to look, they
can ... as we try to guide them in this, like, “look at these factors”, but it is hard on their own to
know what ... well, how is this done in practice?

Alex argued in detail around the advantages and disadvantages of students doing excursions
on their own without a teacher. He started out by saying that it is better for students to do the
excursion on their own than not to do it at all. This is interpreted as harking back to his earlier
reasoning that the experience of being in the natural environment cannot be replaced. Alex
went on to describe how hard it is to know what to look for and how to look, as a novice. He
described how during excursions students can observe what the teacher does, how the teacher
looks at things and how the teacher moves around in the natural environment (Stolpe &
Bjorklund, 2012) and that this provides support to the students in developing their familiarity
with natural science practice. Alex emphasized that he tried to guide the students by giving
them assignments (“look at these factors”), but noted that written instructions are far less
useful when the teacher and the student are not out in the natural environment together.

Discussion

In meeting the objective of the study, we posed the following research questions: According to
the teachers, what impact did the ERT mode have on the pedagogical aspects of the teaching,
and what impact did the ERT mode have on the taught content? The findings reveal that in
terms of university teachers’ experiences with online learning during the pandemic, both the
type of instruction and the subject content were impacted when teachers met students on the
other side of a screen rather than in person in the same room or environment with access to
physical artifacts intended for the instruction. Although the theoretical starting point in this
article is that subject content emerges through doing epistemic practices in relation to NOS
and NOT, the analysis shows a complex relationship between theory and practice. On the one
hand, the teachers argued that some parts of ERT worked (more or less) painlessly, for
example, students can learn concepts and facts and it is possible to replace some instructor-
led experiments with students testing things at home based on instructions in a PowerPoint
presentation. On the other hand, the teachers argued that the students’ opportunities to
practice scientific process skills and technological design are reduced when course compo-
nents are altered to suit ERT. According to the teachers, ERT works less well for familiarizing
the students with the subjects’ central epistemic practices such as “reading the natural
environment” or designing technical solutions, when there is no supporting teacher as
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a guide and the students cannot see for themselves each other’s solutions (Eilouti, 2009;
Lederman et al., 2014; Schut et al., 2022). Thus, when the semiotic resources and the teaching
presence are changed from microscopes, tools or live teachers to computer screens, it also
hampers the students’ cognitive presence and meaning making in relation to NOS and NOT.
Similar findings on chemistry students” experiences of laboratory exercises during the pan-
demic have been reported, where students say that they have learned the theory, but not how
to apply their knowledge in practice (Yesiloglu et al., 2021; cf., Gerstenhaber & Har-El, 2021).
Factual knowledge or technical terms cannot, therefore, replace the fundamental epistemic
practices in science and technology education.

Both science and technology are consequently closely interlinked with specific artifacts and
environments as semiotic resources. In the courses that were the focus of this study, subject-
specific environments are normally present as part of the teaching; for example, the
Technology course visited a technical history museum, and the Biology course was partly
taught in an authentic natural environment. In ERT mode, the instruction and teaching
presence were altered because the contexts and artifacts that could be used as semiotic
resources changed. Since the meaning students make is influenced by access to material
that can be used as semiotic resources (Frejd, 2019), it can be assumed that both the subject
content and the cognitive presence in the courses were impacted when the context changed. In
a face-to-face situation where everyone has access to the same physical environment and the
content is formed in the moment as a response to the interaction between the teachers,
students, artifacts, and the context, the subject content will be different from when students sit
in front of different screens and more of the teaching is planned in detail—the semiotic
resources are different, which affects the teaching and social presence. For example, the
content of astronomy changed when Charlie chose to describe in writing why the sky is
blue and the sun is yellow, as the experiment that would normally be conducted through face-
to-face interaction could not be done in ERT mode. Furthermore, Jamie described excluding
some subject content in ERT mode because of limited access to authentic images of technical
artifacts. In other words, Jamie’s focus on providing a certain type of instruction—online
teaching utilizing pictures as semiotic resources rather than conversations in a museum
environment with full access to technical artifacts—influenced the content of the teaching.

During the autumn semester of 2020, teachers also experienced how students’ social
presence was different online (Oh et al., 2018). They could not interpret the students’ body
language and facial expressions in the same way as they were used to (cf., Mavrommatis,
1997), thus seeing whether they had understood what was being taught. In order to over-
come this lack of feedback, and to increase options for interaction in ERT mode, social and
teaching presence were created through new learning resources and ways of working, such
as the species quiz and online, open weekly meetings. The teachers concluded that some of
these strategies might be useful even in normal (on-campus) mode. For one of the teachers,
Charlie, the ERT mode also seems to have made him more positive about the use of
educational technology, which also emerged from a recent Danish study. There, distance
education increased interest in thinking in new ways about teaching and learning involving
new technologies (Godsk, 2021).

Data for the present study were collected in November 2020, which can be considered as
rather early in the pandemic timeline. As a comparison, it is notable that the most
vulnerable people in Sweden were offered COVID vaccine only in late December 2020.
As the COVID pandemic continued until the Spring of 2022, both digital software, tools
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and knowledge of how to teach online developed. For example, Zoom now includes more
relevant emojis, digital whiteboards, and more, and teachers’ knowledge of how to enhance
cognitive presence has increased due to knowledge exchange projects and other resources
for professional development. Maybe we would have seen that Jamie, Charlie, and Alex
designed their teaching differently if we had revisited them a year later. With time, Jamie
might have recorded sound from the museum, Alex might have provided a virtual field trip,
and Charlie might have taken a professional development course in how to design virtual
experiments. However, the data presented in this study shows a snapshot of the experiences
of teachers that had not been prepared to rapidly shift lectures and activities to ERT mode at
the time of the early COVID-19 pandemic.

Conclusion

The ERT mode that was in place during the COVID-19 pandemic affected both pedagogical
aspects and subject content in hands-on components such as laboratory exercises, excur-
sions and design/construction in Biology, Physics, and Technology courses in a Swedish
teacher education program, according to interviewed teachers. When teachers meet stu-
dents on a screen or create individual, unsupervised assignments, teachers lose some of the
social presence and the hints that they often get from students regarding whether they have
understood or not. Furthermore, when such individualized forms of teaching are devel-
oped, students also lack cognitive presence and cannot interact with the subject content in
the same way as on campus. Thus, the hands-on components—the environment and its
artifacts which are integral as semiotic resources in science and technology education—are
partially lost. Consequently, when science and technology are taught in ERT mode, they
become different subjects compared to when they are taught on campus; certain aspects of
NOS and NOT, such as factual knowledge, are emphasized, while others, such as reading
nature or collaboratively designing and building technical artifacts, are downplayed.

A three-dimensional model

In conclusion, the theoretical model used in the analysis (Figure 1) needs to be comple-
mented by NOS and NOT that permeates science and technology education and the
semiotic resources in all Col elements, resulting in a three-dimensional model for under-
standing how hands-on components in the teaching of science and technology subjects
were transformed in the ERT mode that arose during the COVID-19 pandemic (Figure 2).

Given the centrality of NOS and NOT in science and technology education, the elements
of cognitive, social, and teaching presence are here inextricably linked to semiotic resources
in the teachers’ and students’ environment. Thus, apart from physical materials such as
tables, chairs, whiteboards, and computers, in science and technology education, with their
inclusion of many hands-on curriculum components, there are also subject-specific materi-
als related to the epistemic practices, such as animal specimens, construction materials,
measuring cylinders, and microscopes. The context of this paper is online learning in ERT
mode during the pandemic. This digital context is different from a physical classroom, and
consequently the semiotic resources differ too. Therefore, the semiotic resources coupled
with the central epistemological concerns of science and technology (NOS and NOT) make
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Figure 2. Meaning making of nature of science and nature of technology with semiotic resources in an
online community of inquiry.

up an extended three-dimensional model of online teaching in science and technology
education (see Figure 2).

Limitations

The method chosen was to conduct semi-structured interviews. The findings of the study
thus show how three teachers in one teacher education program at a Swedish university
adapted their teaching to online learning during COVID-19. This selection may be regarded
as limited in terms of the potential for generalization. However, this is a qualitative study
showing how some teachers approached science and technology education in ERT mode.
As such, the study is valuable empirically because it provides examples of how teachers can
manage their education of teacher candidates under certain conditions.

The convenience sample is also a possible limitation in that the interviewed teachers are
also coworkers at the university and might have similar experiences of, for example, time for
and knowledge about how to adjust to the ERT mode. Regarding methods for collecting
data, one limitation of the study is also that we did not follow up the interviews after 2020.
We might have seen other aspects of how the hands-on components in science and
technology education were treated if we had interviewed the teachers in, say,
November 2021 as well. Nevertheless, we still show some of the challenges teachers faced
during the first phase of the pandemic. It is, however, theoretically that the study makes its
most important contribution by showing what can happen to epistemic practices and
cognitive presence in science and technology education when their central semiotic
resources are replaced by digital ones.

Implications

There is a discussion concerning how universities should adapt to a “new normal mode” where
online teaching is more dominant, and there are hopes that the experience gained during the
pandemic can contribute to the development of new forms of teaching. Our study shows that
instruction in ERT mode impacted the subject content that was taught. There will thus be
a segment of this generation’s population of teachers who will not have been exposed to the
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way science and technology “should” be taught. Furthermore, in the long run, the knowledge
and epistemic practices in science and technology education that student teachers develop and
ultimately bring to their own classrooms will change if we use unreflected online teaching,
similar to the ERT mode. The challenge ahead is to develop new digital epistemic practices and
a powerful Col, suitable for science and technology education. This may also be a call for all
teachers to proactively use the current normal, on-campus teaching mode period to re-imagine
hands-on subjects and how they can best be taught in online form (cf., Burke, 2021).
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