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Abstract

The COVID-19 pandemic necessitated school closures globally, resulting in an abrupt move to online/distance teaching
or emergency remote teaching (ERT). Teachers and students pivoted from face-to-face engagement to online
environments, thus impacting curriculum, pedagogy, and student outcomes across a variety of disciplines. In this
paper, the authors focus on science/STEM teachers’ experiences with online teaching and learning in a Canadian
context during the pandemic. Qualitative and quantitative data were collected through an online questionnaire
administered to 75 Grade 1–12 science/STEM teachers in a Canadian province in May–July 2020. Through the TPACK
framework and self-efficacy theory, the authors explore i) curriculum planning and implementation in online settings, ii)
assessment practices and their effectiveness, and iii) student outcomes, as observed by the teachers. Results indicate
that teachers used a variety of platforms, and choice of platform was mainly due to user-friendliness and interactivity,
or administrative decision making. Despite teachers organizing online lessons during ERT, gaps were identified in
teachers’ TPACK framework and self-efficacy, thus impacting their curriculum development, pedagogical approaches,
and assessment practices. In general, teaching strategies included pre-recorded videos and self-directed learning in
which teachers assigned specific tasks for students to perform independently. Teachers prioritized subject content and
covering curriculum objectives over creative and student-centered pedagogical approaches. Assessment techniques
employed were viewed by teachers as unauthentic and generally ineffective. Moreover, teachers reported difficulties
addressing student needs and abilities, resulting in challenges providing equitable and inclusive online teaching.
Finally, online teaching was viewed negatively by most teachers, in terms of student engagement and outcomes.

Keywords: Emergency remote teaching, Online teaching, Science/STEM education, Curriculum, Assessment, TPACK,
Student outcomes

Introduction
Due to the COVID-19 pandemic, around 1.7 billion stu-
dents were impacted by school closures in 190 countries
in 2020 and 2021 (Barron Rodriguez et al., 2021). Various
countries reacted differently to their educational systems’
interruption. Some countries and schools opted to rebal-
ance the curriculum by prioritizing core content deemed

essential for student progression and examinations, often
focusing on literacy and numeracy (Reimers & Schleicher,
2020). Meanwhile, technology was undoubtedly an indis-
pensable tool in remote learning. For instance, in China
nearly 200 million primary and secondary school students
learned online. This was considered the largest simultan-
eous online learning exercise in human history. Addition-
ally, the UAE government offered free digital education to
50 million Arab schoolchildren (Barron Rodriguez et al.,
2021).
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Countries used educational technology to various ex-
tents (e.g., computers, radio, television, social media) to
enable access to remote learning during the pandemic.
For example, Bangladesh broadcasted lessons for stu-
dents in grades six to ten on national television. These
lessons were also accessed as on-demand content on
YouTube. In Afghanistan, distance learning combined
with multimedia was initiated, but later aborted after fa-
cing challenges due to insufficiencies with the existing
infrastructure. In Rwanda, the Rwanda Education Board
broadcasted education radio programs on its district-
level radio stations to support students with remote
learning (Barron Rodriguez et al., 2021), similar to the
Australian Outback model of learning “School of the
Air”.
Certain countries, such as Finland, were better pre-

pared to switch to an exclusively virtual learning envir-
onment as they were already widely in use before the
pandemic. Online digital platforms were used for stu-
dent assignments, assessments, and home-school com-
munication. Moreover, teachers and students had access
to a content repository that incorporated resources and
applications to facilitate online education. Accordingly,
relatively minimal disruptions were noted. Similarly, in
Japan, a centralized link was used to synthesize all infor-
mation related to the COVID-19 response undertaken
by schools. Coping strategies included technology-based
distance learning (e.g., online-class delivery and video-
conferences), as well as maximizing the use of school
grounds and facilities safely (Barron Rodriguez et al.,
2021).
In Canada, 6,643,213 students were affected by school

closures (UNESCO, 2020). Provincial and territorial minis-
tries of education instructed schools to migrate to online/
distance teaching for all K-12 students. Some provinces
instructed that elementary teachers focus on mathematics
and literacy, while secondary teachers focus on literacy,
math, and sciences, with a notable emphasis on science,
technology, engineering and mathematics (STEM) subjects.
Teachers were provided minimal suggestions for resources
and platform usage during this process.
Hodges et al. (2020) maintain that well-planned on-

line learning experiences differ from online courses
offered in response to a crisis or disaster and define
emergency remote teaching (ERT) “as a temporary
shift of instructional delivery to an alternate delivery
mode due to crisis circumstances” (p. 6). Hodges
et al. (2020) state that effective online learning and
quality online teaching require careful instructional
design, planning, and development, as well as an in-
vestment in the support systems. These conditions
are mostly absent in emergency shifts, which may re-
duce the quality of online courses in emergency situa-
tions such as the COVID-19 pandemic.

The abrupt world-wide shift to online teaching was
accompanied by many challenges. Almost all peda-
gogical approaches, subject content areas, lesson
pacing, interaction models, and assessment methods
were modified during the transition. This increased
the burden on teachers who were required to align
digital educational content with their existing national
curricula and concurrently cater for students’ aca-
demic, mental health, social, and emotional needs
(Barron Rodriguez et al., 2021). In the literature, docu-
mented exemplary online teaching approaches are rare
because it requires the effective integration of peda-
gogy, technology, and subject content often referred to
as technology, pedagogy, and content knowledge
(TPACK) (Koehler & Mishra, 2009), expanded upon in
the theoretical framework section. Furthermore, the
literature on teachers’ readiness to integrate technol-
ogy into STEM practice is limited (DeCoito, 2020;
DeCoito & Richardson, 2018a, 2018b, 2020a; Reimers
& Schleicher, 2020). The aforementioned challenges
and gaps warrant exploring teachers’ online practices
during ERT.
Since online teaching was a novel experience for many

educators, it is crucial to explore how science/STEM
teachers functioned in this new teaching and learning
environment. Literature on online teaching in K-12 set-
tings is sparse, especially in a Canadian context (Bar-
bour, 2018; Taie et al., 2019; Tallent-Runnels et al.,
2006). The authors contend that there is a dire need to
explore the online teaching and learning experiences
from process and outcome perspectives, including teach-
ing and assessment practices, and learning outcomes.
Thus, the overall study focused on science/STEM
teachers’ online practices during the pandemic in
Canada. In this paper, the authors explore i) curriculum
planning and implementation in online settings, ii) as-
sessment practices and their effectiveness, and iii) stu-
dent outcomes, as observed by the teachers. Specifically,
the following research questions were explored: 1) What
digital tools and resources were teachers using in an on-
line environment? 2) What strategies did teachers’ online
curriculum development and implementation embrace?
3) What models of student assessment did teachers
implement online? and 4) What were the impacts of on-
line teaching on students’ outcomes, as observed by
teachers?

Literature review
Online teaching
Online teaching, also referred to as virtual learning,
cyber learning, and e-Learning is the form of learning
where individuals are not physically present in a class-
room, and where instruction and content are conveyed
primarily over the Internet (Schwirzke et al., 2018;
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Thoms & Eryilmaz, 2014). Online learning has become
more prevalent in formal post-secondary education set-
tings in which interactive telecommunications platforms
are utilized to connect learners, resources, and instruc-
tors (Simonson, 2003, as cited in Simonson et al., 2009).
In fully online K-12 school programs, referred to as
cyber-schools, students are enrolled primarily (often
only) in online classes, and are certified by earning the
required credit and diplomas (Schwirzke et al., 2018).
Due to the advancements of technology and its flexi-

bility and ubiquity, online teaching/ learning has evolved
over the last 20 years. This has led to its adoption by
many higher education institutions around the world,
and to a less but growing extent in the K-12 educational
system (Barbour, 2018). Nevertheless, the enrollment in
K-12 online learning is growing rapidly. In the United
States for example, in 2000–2001, 90% of public 2-year
and 89% of public 4-year institutions offered distance
education courses, accounting for an estimated 2.9
million students enrolled in online programs (Tallent-
Runnels et al., 2006). By 2012, all 50 states were offering
K-12 online learning opportunities. During the 2017–18
school year, 21% of public and 13% of private schools in
the USA offered courses entirely online (Taie et al.,
2019). In Canada, online teaching is more dominant in
higher education institutions than in K-12 educational
systems. The State of the nation study: K-12 e-learning
in Canada reports that in the Canadian province of
Ontario, for example, there were 81 distance education
programs for K-12 in 2018 (Barbour & LaBonte, 2019).
By comparison, in the same year there were 981 fully
online certificate, diploma and degree programs, and
more than 20,000 online courses offered to post-
secondary (college and university) students (Contact
North, 2019). Given the increase in online adoption at
the K-12 level, the province of Ontario initiated
mandatory e-Learning as a requirement for high school
graduation (Barbour & LaBonte, 2019).

Online teaching affordances and challenges
Online teaching offers many affordances over traditional
teaching methods, including enhancing students’ motiv-
ation, interaction, and communication (Amasha et al.,
2018; Thoms & Eryilmaz, 2014). Student motivation in
an online setting is linked to students’ active engagement
with learning, enjoyment of learning, perceptions of
learning, learner satisfaction, online participation, and
academic performance (Hartnett, 2018; Simonson et al.,
2009). Simonson et al. (2009) noted that distance educa-
tion can be as effective as traditional teaching in terms
of learner outcomes, and that online learners have more
favorable attitudes towards learning than traditional
learners. Online courses also provide a distinct

advantage for some learners, especially shy students
(Smith et al., 2018).
These affordances are also accompanied by challenges

and obstacles. While synchronous platforms offer oppor-
tunities for interactivity and relationship-building (Smith
et al., 2018), it is widely believed that the greatest disad-
vantage of online learning is its isolating and impersonal
nature (Searls, 2012). Students learning online tend to
have less opportunities to interact with teachers and
peers, which in turn may affect their motivational, cogni-
tive, and affective outcomes (Zhang & Lin, 2020). Add-
itional barriers include i) inadequate technology access,
ii) lack of equipment and infrastructure, iii) teachers’
time management due to increased workload, iv)
teachers’ and students’ technological skills, v) teachers’
self-efficacy in navigating online environments, and vi)
lack of or ineffective teacher training (Barril, 2018; Ferri
et al., 2020; Recker et al., 2013; Simonson et al., 2009;
Tinoca & Oliveira, 2013).
It is worth noting that many teachers find certain aca-

demic subjects and in-school activities resistant to effect-
ive transfer to an online learning environment without
significant modifications/accommodations (Barron
Rodriguez et al., 2021). Teachers face challenges in nurt-
uring higher order thinking and implementing student-
centered teaching methods in online classrooms (Baran
et al., 2011). This resonates with many science/STEM
teachers who find it challenging to perform hands-on
inquiry activities and lab-based experiments and are
challenged to demonstrate STEM concepts in a virtual
environment. These challenges reiterate the need to ex-
plore science/STEM teachers’ online practices during
ERT.

Curriculum, teaching, and learning in online
environments
Online resources have the potential to enrich classroom
environments and promote student learning (Recker
et al., 2013) by providing high-quality and collaborative
online learning experiences (Hoffman, 2018). These
digital tools must ensure students’ self-construction of
knowledge, situating learning within real-world circum-
stances, and creating learning communities that favor stu-
dent interaction. To utilize these tools effectively, both in-
service and pre-service teachers require mastery of digital
literacy skills (Ng, 2013). Digital literacy includes digital
competence (skills, concepts, approaches, attitudes), digital
usage (professional/discipline application), and digital trans-
formation (innovation/creativity) (Belshaw, 2012). Master-
ing digital skills also necessitate new skills in synchronous
and asynchronous online lesson planning and implementa-
tion. Thus, online environments demand teacher compe-
tence in course design and selecting appropriate curricular
materials (Recker et al., 2013); pedagogical approaches
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(King, 2002; Simonson et al., 2009); and communication
techniques (Fernández et al., 2017).
Designing high-quality online courses can be challen-

ging. Lee et al. (2004) advocate for learner-centered
digital content, and for humanizing e-Learning by add-
ing more interactivity through media-rich and engaged
learning, and collaborative community learning. Criteria
identified as necessary for successful online courses in-
clude accessibility of the course content, positive learner
experience, active engagement and collaboration with
peers, work ethics, course design and relevance, diversity
in content and activities, accommodating to the many
different learner needs, and a balance between formative
and summative learning assessments (Leire et al., 2016).
It is important that teachers combine several different

learning activities to address a variety of learners’ needs,
enhance connectivism (Dipietro, 2010; Leire et al., 2016),
and accommodate their different learning styles (Dipietro
et al., 2008; Smith et al., 2018). Offering the same material
in different forms (such as forum discussions, seminars,
and video lectures) allows for flexibility and enhances the
understanding of complex topics. Lister (2014) sums up
four main considerations when designing online courses,
including i) establishing clearly communicated expecta-
tions, rubrics, assignments incorporating authentic tasks
that include real-life activities, and promoting active learn-
ing through reflection and self-assessments, ii) developing
content that engages learners, iii) fostering collaboration
and interaction, and iv) providing timely feedback.
Teaching practices are key to online learning success

and are also a significant predictor of students’ learning
perceptions and satisfaction. Unfortunately, limited re-
search has documented practices related to teaching and
learning online (Baran et al., 2011; Dipietro et al., 2008).
Baran et al. (2011) documented online teachers’ ten-
dency to maintain traditional teaching practices in an
online environment due to the quality of the learning
management system (LMS). The top-down learning expe-
riences and the directive approach in most LMSs encour-
age and reinforce direct lecturing and traditional
assessment practices (Loertscher & Koechlin, 2013). It is
therefore important to place students at the center of the
learning experience, and not the technology (Dipietro,
2010), given student participation and engagement are key
to successful online teaching (Smith et al., 2018; Vivolo,
2019). This requires an extensive knowledge of how
students learn in order to scaffold their learning, with
more emphasis on discussions, group projects, effect-
ive questioning, and learning communities (Boettcher
& Conrad, 2021; Vivolo, 2019). Moreover, some strat-
egies for promoting motivation in online education
include inclusivity, developing students’ attitudes, en-
hancing meaning by highlighting learners’ perspec-
tives, and engendering student competence (Hartnett,

2018). Smith et al. (2018) also recommend additional
practical measures to enhance student engagement in-
cluding constant polling; sharing multimedia; digital
storytelling; video journaling; use of interactive tools;
recordings, videos, and screen-casting; podcasting;
presentations; and virtual reality experiences.
The online environment is conducive to building

learning communities in which diverse learners work to-
gether in a way that matches contemporary education
and workplace settings (Barril, 2018). This requires hu-
manizing digital pedagogy and promoting equity and
collaborative learning through dialogue and discussions
(Palloff & Pratt, 2007). Barril (2018) also promotes inte-
grating collaborative inquiry-based approaches encom-
passing problem-based, case-based (DeCoito & Fazio,
2017), and project-based learning methods (DeCoito,
2015), which have been effectively implemented in on-
line learning environments. Through these methods,
teachers can incorporate authentic, relevant, real-world
questions and problems, whereby they assume the role
of facilitator. In the context of science/STEM education,
research has shown the efficacy of digital web-based
tools for engaging learners and promoting inquiry-based
STEM learning (DeCoito & Richardson, 2018a). Equally
important, the integration of digital tools has the poten-
tial to enhance students’ scientific literacy (Ng, 2013).
Specifically, science/STEM teachers have at their dis-
posal a wide variety of digital tools including virtual la-
boratories (Gröber et al., 2007), computer simulations
(Domínguez et al., 2013; Finkelstein et al., 2005), digital
video games (DeCoito & Briona, 2020), and digital time-
lines (DeCoito, 2020). Additional tools include Internet-
supported student research projects, modelling software,
digital stories, data-logging for data collection, text and
multimedia-editing software, and collaborative online
environments (Ng, 2013). Through these tools, students
can visualize processes better, collect data, organize ma-
terial for particular purposes such as graphing, and dis-
playing concepts in multiple representations (Ng, 2013;
Webb, 2005). These tools highlight how online technolo-
gies can be utilized effectively in science/STEM class-
rooms if teachers are trained and well-prepared to
implement them.

Assessment in online teaching
Online environments are conducive for developing collab-
orative and creative authentic assessments (McVey, 2016).
Nevertheless, several studies have highlighted challenging
aspects of assessment, especially homework and formative
assessment in online teaching (Amasha et al., 2018; Eich-
ler & Peeples, 2013; Espasa & Meneses, 2010; Tinoca &
Oliveira, 2013). Anderson (1998) links teachers’ choice of
assessment strategies to their centeredness of teaching,
thus teaching and assessment components are highly
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interrelated. More recently, Pereira et al. (2010, as cited in
Tinoca & Oliveira, 2013) proposed a conceptual frame-
work for assessment in an online environment based on
four dimensions: authenticity, consistency, transparency,
and practicality.
To assess student online learning effectively, teachers

are encouraged to use regular, ongoing, and multiple as-
sessment strategies (Dipietro et al., 2008). Furthermore,
online assessment practices must also attend to student
diversity and inclusion (Barril, 2018; Loertscher & Koe-
chlin, 2013). Online assessment strategies include inter-
active quizzes, activities, and innovative assessments that
can reduce boredom and increase interaction with
course material (Smith et al., 2018) such as projects,
portfolios, self-assessments, peer evaluations, and imme-
diate feedback (Gaytan & McEwen, 2007).
Of equal importance is the use of timely and corrective

feedback facilitated by digital platforms utilized in online
teaching (Dipietro, 2010; Vonderwell et al., 2007). These
platforms enable formative assessment by collecting
student evidence and providing them with feedback.
Moreover, timely feedback is associated with higher
levels of student performance and satisfaction (Espasa &
Meneses, 2010). This is crucial for students to achieve
their learning goals, and for teachers to reflect on their
online practices (Faber et al., 2017).
Finally, assessment of personal, inter-personal, and high

order thinking skills in online classes warrants special
mention. Teachers can evaluate communication skills, col-
laboration, and active learning if their teaching methods
facilitate active participation and student engagement.
Assessing group work requires attending to a variety of
collaboration processes (i.e., interaction, negotiation,
knowledge construction), and to individual participation
and contribution (Barril, 2018). For example, critical-
thinking skills can be assessed by analyzing discussion
postings, as well as peer assessments and individual reflec-
tions (Hamann et al., 2016; Leire et al., 2016).
Developing technologies are also promising in terms

of facilitating assessment and alleviating challenges. Ac-
cording to Eichler and Peeples (2013), adaptive learning
systems, generally defined as technology that provide
immediate feedback to learners during a learning activ-
ity, have proven to enhance student performance. In
addition, the authors note that adaptive systems have
the potential to differentiate instruction by adjusting the
pace and levels of difficulty of the assigned work for
both advanced and challenged learners. In contrast, re-
sponsive systems provide feedback, tutorials, or hints to
learners and engage them in the same set of exercises, in
the same order and at the same pace. When compared
to traditional methods of assessment, responsive systems
are preferred by both student and teacher. Other tech-
nology advancements, such as learning analytics, are

being used to predict when learners are struggling
(Vivolo, 2019). Another promising tool (Kuosa et al.,
2016) uses data mining techniques and interactive visu-
alizations to automatically analyze students’ activity and
work (such as time spent, chapters read, etc.). Such tools
are good examples of “assessment for learning” and “as-
sessment as learning” and can assist students in improv-
ing their self-regulation. These tools can also support
teachers in evaluating students’ learning performance
and monitoring their progress during courses, and sup-
port decisions regarding their pedagogical strategies and
instructional guidance.

Theoretical frameworks
In the absence of ERT, online teaching can be evaluated
using several frameworks. However, during crisis states,
the context, input, process and product (CIPP) model is
an appropriate framework for evaluating online teach-
ing (Stufflebeam & Zhang, 2017). Effective science/
STEM teaching requires proficiency in science/STEM
pedagogical content knowledge (Shulman, 1986) as well
as increased self-efficacy in teaching said content
(Tschannen-Moran & Hoy, 2001). Additionally, know-
ledge of TPACK and effective implementation strat-
egies (Koehler & Mishra, 2009) are paramount for
successful online teaching. Aspects of the CIPP model
and the aforementioned theories informed our theoretical
framework as they complement each other and are suit-
able to predict and interpret science/STEM teachers’ on-
line practices (Fig. 1).

CIPP model
The CIPP evaluation model is a comprehensive
framework utilized in evaluating programs, projects,
products, institutions, and systems (Stufflebeam,
2007). The CIPP is based on a systematic approach
that entails four components: 1) the context (needs,
problems, assets, and opportunities); 2) the inputs
(strategy, action plan, staffing arrangements, and
budget); 3) the process (monitoring, documenting,
assessing, and reporting on the implementation of
plans); and 4) the products (costs and outcomes)
(Stufflebeam & Zhang, 2017). In this paper, the au-
thors focus on the context (online learning via ERT
during the COVID-19 pandemic, teacher and student
needs, access and availability of digital tools), the
process (curriculum and digital resources, teaching
and assessment using digital tools), and the products
(teacher reflections and student outcomes).

TPACK
Good online teaching requires a transactional relation-
ship and complex interaction between all three compo-
nents suggested by the TPACK framework: technology,
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pedagogy, and content knowledge (Archambault & Crip-
pen, 2009; Ng, 2013). Koehler and Mishra (2005) explain
the TPACK framework as the interactions between the
three types of knowledge: technological knowledge (TK),
content knowledge (CK), and pedagogical knowledge
(PK). TK refers to knowledge about technologies used in
teaching and learning. It comprises the digital literacy
skills whereby teachers use technology to support peda-
gogy. PK entails the methods and strategies of teaching
and learning. It includes integrating relevant and au-
thentic tools and strategies to engage students in con-
ceptualizing concepts. Finally, CK refers to the subject
area understandings and being aware of students’ pre-
conceptions and misconceptions (Koehler & Mishra,
2009; Ng, 2013; Pringle et al., 2015).
Ng (2013) reports on the lack of quality use of in-

formation and communications technology in teacher
education, as well as a lack of confidence in using
technology for preservice teachers, and maintains that
the more digitally literate the teacher, the more confi-
dently they will use digital technology in their teach-
ing. For example, studies of digital scientific timelines
(DeCoito, 2020), digital video game development
(DeCoito & Briona, 2020), and STEM projects
(DeCoito, 2015) demonstrated teacher candidates’
ability to translate and integrate TPACK into their
curriculum development and future practices. This re-
iterates the importance of teacher preparation – pre-
service and in-service – to enable teachers to

effectively integrate technology in their teaching
through mastering the TPACK components and con-
nections, thus enhancing their readiness for online
teaching.

Self-efficacy theory
Bandura (2006) defines self-efficacy as “people’s beliefs
in their capabilities to produce given attainments” (p.
307). Thus, teachers’ beliefs greatly affect their own
teaching practices (E. A. Davis et al., 2006). These beliefs
impact the learning environments teachers create for their
students and hence affect students’ motivation and learn-
ing levels (Bandura, 1993). Similarly, when it comes to in-
tegrating technology in teaching, teachers’ technological
self-efficacy is the strongest indicator of technology use in
their practice (Chen, 2010). This justifies why teachers
who are skeptical about instructional technologies may
not experiment with new technologies (Fernández et al.,
2017). Bandura (1993) maintains that self-efficacy influ-
ences cognitive development through four processes: cog-
nitive, affective, motivational, and selection. These four
processes take into consideration personal factors, interac-
tions with peers, feedback received, and the level of con-
trol over the self and the environment. Therefore, the
importance of the affective and the motivational compo-
nents is significant, since any deficits related to these fac-
tors may cause anxiety that would negatively affect
performance.

Fig. 1 The integration of self-efficacy, TPACK and the CIPP model
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Methodology
Research design
Due to the social distancing measures implemented, on-
line questionnaires were the most convenient means of
data collection in the setting of a large Canadian province.
This study utilizes a mixed-methods design (Creswell &
Creswell, 2018) to address the research questions. Quanti-
tative and qualitative data were collected from teachers
through an online questionnaire. Our aim was to obtain
both comprehensive quantitative and rich qualitative data
detailing teachers' experiences with online teaching. To
maintain participant anonymity, the questionnaires
were de-identified at administration. As teachers were
under significant stress and increased workloads during
data collection (May–July 2020), the authors elected to
refrain from conducting participant interviews.
Participant recruitment methods included snowball

sampling through teacher networking and referral
(Parker et al., 2019). Teachers were invited to participate
in the study through email from school boards and
teacher associations. In addition, researchers and con-
senting teachers recruited additional participants via
social media (e.g., Twitter, Facebook, LinkedIn).

Participants
The questionnaire was administered to science/STEM
teachers (n = 75) from different locations in a Canadian
province. Participants represented various demographics
in terms of the grades taught (elementary and second-
ary), age groups, teaching experience, and education.
Participants included science/STEM subject teachers
(biology, chemistry, environmental sciences, physics,
earth sciences, general science, technology, and mathem-
atics). Their educational background included those with
a bachelor’s degree (71%), and graduate degrees (masters
or doctorate/29%). Seventy-two percent of respondents
were between 31 and 50 years, 16% between 21 and 30
years, and 12% over 50 years of age. Teaching experience
varied, with 15% of the respondents having less than 5
years teaching experience. Eighty-five percent had over 5
years teaching experience, while 24% reported 6–10
years teaching experience, 38.5% reported having 11–20

years experience teaching, and 22.5% having more than
20 years teaching experience. Finally, 51% of the partici-
pants taught elementary and middle-school (grades 1–
8), while the remainder taught secondary school (grades
9–12). Table 1 details the distribution of teachers’ demo-
graphics in relation to age ranges. It is worth noting that
while the majority of teachers in our study have a bache-
lor’s degree, most of the teachers with a graduate degree
are between 31 and 50 years of age and possess 6–20
years of teaching experience. Moreover, results of the
Spearman correlation illustrate a strong positive correl-
ation between teachers’ age and their teaching experi-
ence (rs = .65, p < .01).

Data sources
Participants completed a 5-point Likert scale question-
naire consisting of 24 statements and five open-ended
questions. Questionnaire items were adapted from
Barberà et al.’s (2016) cross-national study of teachers’
perceptions of online learning success. The open-
ended questions were developed based on the litera-
ture focused on online environments and taking into
consideration the ongoing ERT. The statements and
questions explored teachers’ i) views and attitudes to-
wards online teaching, ii) curriculum planning and
implementation, iii) assessment and student outcomes,
iv) successes and challenges, v) support during transi-
tion to online teaching, and vi) recommendations for
enhancing the quality of online teaching experiences
for teachers and students alike.
In this study, teachers’ reflection on practice to evalu-

ate the quality of teaching and learning experiences in
online environments during ERT is warranted. Hodges
and Fowler (2020) maintain that teachers’ reflections can
lead to better teaching practices and better preparation
for instructional situations such as ERT. Reflection can
be defined as the careful examination of ideas through
ongoing cycles of expression and re-evaluation in order
to create new insight (Marshall, 2019, as cited in Hodges
& Fowler, 2020). Both components (questionnaire state-
ments and open-ended questions) required teachers to
reflect on their practice. In this paper, data analysis and

Table 1 Details of teachers’ demographics: distribution of teachers within each age range

Age
(years)

Sample
(n)

Grades taught Educational background Teaching experience (years)

Gr. 1–8 Gr. 9–12 Bachelor’s Graduate 1–5 6–10 11–20 20+

21–30 12 6 6 9 3 9 3 0 0

31–40 19 12 7 13 6 0 10 9 0

41–50 35 18 16 24 10 2 4 16 13

51–60 7 2 5 5 2 0 1 4 2

61+ 2 0 2 1 0 0 0 0 2

Total 75 38 36 52 21 11 18 29 17

Note: One teacher did not indicate their class taught, and two teachers did not indicate their educational background
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findings related to ii) curriculum planning and imple-
mentation and iii) assessment and student outcomes are
reported.

Data analysis
Initially the authors planned to collect data from 100 sci-
ence/STEM teachers. This paper is based on data col-
lected from 75 participants as data saturation occurred
in the qualitative data, with similar trends highlighted in
the quantitative data. Quantitative data analysis was con-
ducted in MS Excel and SPSS. Descriptive statistics were
performed in addition to various statistical tests to inves-
tigate the relationship or the correlation between various
factors. Specifically, the Spearman correlation test (Con-
nolly, 2007) was performed to explore the relationship
between various demographic data.
Qualitative data from open-ended responses were ana-

lyzed through an interpretational analysis framework,
using NVivo 12 data analysis software and executed
through the process of thematic coding and constant
comparative method (Stake, 2020). Participants’ reflec-
tions were inputted directly into NVivo 12, and emer-
ging codes were generated via word clouds illustrating
their frequency based on the size of the font (word fre-
quency query) (see Fig. 2). These codes were then ex-
plored and interpreted to seek context as some words
carry equal or similar meaning. Thereafter, similar codes

were combined into themes. Thematic coding was per-
formed independently by both authors to enhance the
trustworthiness and the consistency of the analysis.
Thereafter, the authors met and discussed the coding re-
sults and clarified discrepancies.

Results and discussion
In the following sections, findings are presented based
on the research questions focusing on digital resources,
curriculum development, pedagogical approaches, as-
sessment strategies, and student outcomes.

What digital tools and resources were teachers using in
an online environment?
Teachers used a variety of LMSs or platforms in their
online teaching. An LMS is a software application that
provides instructors and students with an interface to
optimize online learning (Smith et al., 2018). Teachers
used Brightspace/D2L, social media (e.g., Instagram, You-
Tube, Twitter, Facebook), video-conferencing tools (e.g.,
Zoom, Skype), online collaboration tools (e.g., Microsoft
Teams and Google Classroom), as well as other platforms
such as Classdojo (www.classdojo.com), Seesaw (https://
web.seesaw.me/), Schoology (www.schoology.com),
Edmodo (https://new.edmodo.com/), and Freshgrade
(https://freshgrade.com/). The main decisive factors for
choice of platform(s) were user-friendliness (34%), school

Fig. 2 A sample word cloud generated in NVivo 12

DeCoito and Estaiteyeh Disciplinary and Interdisciplinary Science Education Research             (2022) 4:8 Page 8 of 18

http://www.classdojo.com
https://web.seesaw.me/
https://web.seesaw.me/
http://www.schoology.com
https://new.edmodo.com/
https://freshgrade.com/


board choice (27%), and interactivity (19%). Only 11% of
the teachers stated that their choice of LMS was dictated
by availability of features that specifically promote learn-
ing. The features sought by teachers included: enabling
smooth video calling; providing a similar-to-classroom ex-
perience such as the ability for students to “raise their
hand”, muting participants, and teacher control; pre-
existing familiarity of students and parents with the LMS
software; ability to organize all teaching and student as-
signments in one place; ease of creating and evaluating as-
sessments; messaging and chatting options; and ability to
customize. Finally, 9 % of respondents mentioned other
reasons for LMS selection, such as previous usage by the
teachers; security and privacy; login tracking; and ability
to transfer content from one platform to another.
Teachers’ choice based on the user-friendliness of the
LMS is reflected in Darby’s recommendation (2019) that
an LMS must be intuitively organized so that students find
the content and activities easily. It should also show the
expectations clearly as online students typically work inde-
pendently and asynchronously. Hence, students cannot
ask for, or receive clarification in the moment they first
encounter the assignment instructions.

What strategies did teachers’ online curriculum
development and implementation embrace?
Teachers reflected on their curriculum planning and im-
plementation, as illustrated in Fig. 3. Although 47%
agreed they had more autonomy in pedagogical choice,

the implemented strategies appear to be less creative
and less student-centered, thus failing to embrace peda-
gogy such as group discussions, online activities and
simulations, virtual labs, and inquiry-based activities.
Ninety percent of respondents indicated that lesson

planning for online implementation differed from trad-
itional classroom teaching, with 59% admitting that they
felt their online teaching methods were less creative
compared to in-person classroom pedagogy. Eighty-
three percent of responding teachers concurred with the
statement “it is challenging to implement student-
centered techniques in an online setting.” Reflecting
these concerns is the observation that 84% of teachers
indicated they had lower expectations about what can be
achieved in terms of curriculum coverage and teaching
methods during ERT, while 70% of teachers reported
that they were more content-oriented rather than
teaching-strategy oriented.
One can conclude that teachers had to prioritize con-

tent delivery at the expense of student-centered and cre-
ative teaching strategies. This is further supported by
their choice of adopted teaching strategies. Teachers re-
ported using self-directed learning in which they
assigned specific readings or tasks for students to per-
form independently (23%); pre-recorded videos explain-
ing the content (19%); multimedia including virtual labs
and online simulations (18%), synchronous or live/direct
teaching (15%); content creation tools such as video-
making or presentations (14%); and other teaching

Fig. 3 Teachers’ responses on their curriculum planning and implementation during ERT
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methods (11%) such as online discussion tools for post-
ing messages/questions or responding to a message or
request after reading a chapter or completing a learning
module. The aforementioned strategies for exchange of
information and ideas occur asynchronously in most on-
line teaching environments (Smith et al., 2018). More-
over, for the purpose of synchronous meetings, a few
teachers printed and delivered materials on a weekly
basis to students’ homes. This speaks to teachers’ com-
mitment to supporting ongoing learning for their stu-
dents, especially students with limited access to
resources. Teachers also relied on a wide range of online
resources to support teaching and learning such as You-
Tube, Khan Academy, online applications and websites
(e.g., Gizmos, Edpuzzle, TVO, PhET interactives, Des-
mos, Classkick, Kahoot, Wizers, ArcGIS), digital text-
books, and teachers’ personal websites.
Therefore, based on teachers’ self- reporting one can

infer that the quality of teaching and learning was com-
promised in favor of content delivery in the ETR con-
text. Teachers were not able to create communities of
inquiry (Barril, 2018; Garrison & Arbaugh, 2007) nor
utilize student-centered innovative teaching methods
(Dipietro, 2010). Dewey (1906) promoted student-
centered innovative teaching and learning approaches
and warned educators about three “red lines”: i) lack of
connection with what the child feels and loves, ii) lack of
motivation needed for learning, and iii) presenting
ready-made curriculum. It is evident that the online
teaching practices during the ERT paralleled Dewey’s
red lines, as teachers presented content-heavy curricu-
lum and relied upon traditional teaching practices
(Baran et al., 2011). These results also reflect teachers’
self-efficacy (Bandura, 1995) and TPACK (Koehler &
Mishra, 2009) framework, and reiterate the claims that
online teaching requires the intersection of the know-
ledge constructs of TPACK, as well as teachers’ percep-
tions, beliefs and self-efficacy around teaching in said
environments (Dipietro, 2010). In this study, teachers
were not adequately prepared in terms of integrating
TPACK in their practice and faced many challenges
(DeCoito & Estaiteyeh, in press) that severely impacted
their digital self-efficacy. This speaks to the importance
and relevance of the CIPP model in terms of integrating
quality processes (curriculum and digital resources,
teaching and assessment using digital tools) to ensure
expectations and outcomes are realized (Stufflebeam,
2007).
Teachers recognized the shortcomings in trying to im-

plement traditional teaching methods during ERT. For
example, 56% of respondents indicated they were unable
to differentiate instruction and accommodate all stu-
dents in an online environment. This finding parallels
those from studies highlighting challenges related to

differentiated instruction in online environments (Cook
& Steinert, 2013; Dipietro et al., 2008; Smith et al.,
2018). This is critical as it reinforces the documented
concerns around equity, diversity and inclusion of disad-
vantaged students and underprivileged communities in
online classes (Lao & Gonzales, 2005; Rohleder et al.,
2008; Stelitano et al., 2020). This also counteracts one of
Dewey’s (1906) foundations of student-centered learning
– the well-knowing of students and personalizing the
teaching to match their interests, capacities, attitudes,
and experiences.

What models of student assessment did teachers
implement online?
Teachers reported the use of a variety of assessment
strategies including online quizzes and tests (71%),
homework (35%), projects (35%), and labs or simulations
accompanied by worksheets or questions (25%) (Table 2).
Moreover, 18% of teachers reported utilizing multimodal
evidence of learning, as chosen by their students (voice
or video recordings, written themes, images including
digital collages and hand-drawn scanned artwork, digital
notebooks). An additional 18% of teachers used person-
alized feedback and rubrics.
Based on these findings, the authors conclude that

teachers in this study were relying on traditional as-
sessments in favor of more creative ones, with quizzes
and tests being the most common assessment tool.
The use of traditional assessment methods parallel
McVey’s (2016) study findings in which pre-service
teachers cautiously made use of more traditional tools
such as quizzes and reports in an online teaching
context. Given the overwhelming ERT context,
teachers in our study were challenged in the ‘new’
learning environment due to insufficient prior expos-
ure and training, and as such teachers lacked the time
and skills necessary to implement more authentic and
student-centered assessments. This further highlight

Table 2 Teachers’ assessment strategies in an ERT context

Modes of Assessment Frequency (%)

Online quizzes and tests 71

Homework 35

Projects (individual or group) 35

Labs or simulations or audio-visual with
worksheet/follow-up questions

25

Evidence of learning in the format of their choice 18

Teacher feedback and rubrics 18

No assessments were allowed 12

Participation/ discussions 9

Self-assessment 4

Note: Every teacher described several assessment strategies they
had implemented
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concerns about online assessment (Amasha et al.,
2018; Eichler & Peeples, 2013; Espasa & Meneses,
2010; Tinoca & Oliveira, 2013), and confirm findings
by Anderson (1998) linking the choice of assessment
tools to the use of student-centered teaching
methods.
As shown in Table 3, 82% of teachers stated they

promptly returned all assignments to their students and
provided individualized useful feedback. This suggests
that teachers were focused on student growth. Despite
the inclusion of some creative assessment strategies, on-
line delivery of traditional assessment methods (71%,
Table 2) and numerical grading (56%, Table 3) were the
most common means of evaluating student learning. As
a result, this may have influenced the authenticity of the
assessment tools and posed several challenges in the
ERT environment.

Reflecting on assessment
Teachers reflected negatively on their assessment
strategies. Seventy-six percent of respondents viewed
their assessment strategies as ineffective. In contrast,
15% described their assessment strategies as effective,
while 9 % were unsure about the efficacy of their as-
sessment tools. The ineffectiveness of assessments dir-
ectly relates to their level of authenticity, which is
defined by the degree of resemblance to the criterion
situation (Gulikers et al., 2004). Frey (2018) describes au-
thentic assessments as those involving the student in cog-
nitively complex and interesting situations, thus allowing
students to demonstrate their competencies to engage in
further knowledge construction. Authentic assessment
also provides multiple ways for students to demonstrate
their learnings. Hence, it is assessment “for learning”, not
only “of learning”.
Study participants shared in their reflections why they

perceived their online assessment strategies as ineffect-
ive. Additional analysis of teacher responses revealed the
following themes: plagiarism/academic dishonesty (76%);
assessing skills (especially higher order thinking skills)
(24%); lack of student accountability (24%); time man-
agement (13%); assessment alignment with academic ex-
pectations (11%); and challenges with students and
families (2%) (Fig. 4).
Plagiarism and academic dishonesty had the greatest

impact on teachers’ perceptions of ineffective online

assessment. Teachers identified multiple forms of stu-
dent plagiarism including the use of search engines as
open books during tests, family members completing
and submitting work on behalf of the students, and shar-
ing answers between peers (Fig. 5).
Most teachers were frustrated by their limited ability

to control or restrict plagiarism and deemed this as the
main challenge to the authenticity of assessments.
Teachers commented:

The amount of plagiarism in my courses was
astounding. (Biology and chemistry teacher)

We had a lot of problems with this because the
students would blatantly cheat from each other.
And also (sic) copy solutions from online calcula-
tors which will show steps. All-in-all this method
of assessment was not very successful. (Secondary
math teacher)

There could be no certainty that their parents/sib-
lings weren’t completing their work. (Elementary
science and technology teacher)

It was next to impossible to ensure students are (sic)
truly doing their own work without outside assist-
ance. Written reports were more effective, especially
with originality reports generated by Google Class-
room/other "Turn-it-in" styles programs. (Biology
and math teacher)

Challenges related to cheating and plagiarism in online
assessments are well-documented. According to Palloff
and Pratt (2007), proactive measures such as properly
educating students and developing the notion of com-
munity of learners to mitigate the abundance of such be-
havior are recommended. This also reiterates the
importance of teacher preparation in terms of dealing
with plagiarism (Leire et al., 2016).
Additionally, teachers expressed challenges assessing

their students in general, with several articulating spe-
cific challenges with assessing higher order thinking
skills, lab-based technique skills, and manipulative skills.
Some teachers noted that providing online feedback was
not as effective when compared to in-class feedback.
Teachers commented:

Table 3 Teachers’ responses on their assessment strategies during ERT

Statement Never Sometimes About half the time Most of the time Always

I returned all assignments promptly. 2.78% 6.94% 8.33% 44.44% 37.50%

I provided individualized and useful feedback/guidance
that met learners’ needs.

1.39% 4.17% 12.50% 37.50% 44.44%

I used numerical grading in my assessments. 34.72% 9.72% 5.56% 22.22% 27.78%
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The Gizmos and virtual labs are a good online tool
(sic) BUT students miss the practical skills involved
in labs and collaboration with other students.
(Secondary biology teacher)

I felt it was very knowledge/ understanding heavy
compared to inquiry process and investigation. Skills
were mostly textbook based compared to hands on
problem solving. (Secondary math teacher)

The literature documents several assessment strategies
that can help teachers assess collaborative and higher
order thinking skills (Hamann et al., 2016; Leire et al.,
2016). Our findings highlight professional development
opportunities to ensure that teachers are well-prepared
to utilize a variety of assessment tools/strategies.
Several teachers commented on the lack of student

accountability as one of the challenges when assessing
online learning and attributed this to a lack of stu-
dent engagement. Many teachers also related this to

inequity amongst students. For example, disparities in
terms of access to appropriate technology, digital
competence, and parental support amongst vulnerable
and disadvantaged students magnified the challenges.
Teachers noted:

Engagement was difficult as many students under-
stood that in a way, this learning was optional since
they achieved a passing grade prior to school closing.
(Computer studies teacher)

Students complained about accessing all types of
materials. The complaints were real, as many were
not tech savvy, and had to be walked through the
process. (Chemistry and math teacher)

For my students with special needs, our classes that
are normally hands on science could not be done at
home since some of them had no equipment, space, or
someone at home to assist them with activities. I could

Fig. 4 Themes related to reasons for ineffective online assessment strategies

Fig. 5 NVivo 12 generated word tree highlighting teachers’ reflections on plagiarism
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not assess their skill development that I normally
would evaluate in the course. (Sciences teacher)

Online assessment strategies were confounded by
health/mental health factors related to the pan-
demic, issues of equity and accessibility of technol-
ogy, and motivation. (Health and physical education
teacher)

Consequently, many teachers felt that online learning
and assessment did not accurately reflect academic ex-
pectations. Teachers seemed unsure about whether their
students really understood concepts or mastered skills,
which also calls into question the authenticity of the as-
sessment. Teachers said:

(I was) not always sure if they get the concept taught.
(Chemistry teacher)

Some students didn't submit these assignments and
others copied from each other. Hence not all students
were able to understand the concepts and master
the required skills. (Math and physics teacher)

Although I did think students were learning and
meeting some of the curriculum expectations of
the course, I do not feel that the assessment strat-
egies were very effective in evaluating students'
understanding of concepts and mastery of skills. I
really struggled to create valid evaluations since
everything the students did was "open book". I
think this is a mindset change that needs to be
worked on with many STEM teachers. (Secondary
biology teacher)

Finally, it is important to note that 11% of teachers indi-
cated that school board policy prohibited student assess-
ment during ERT. Some of those teachers mentioned:

We did not evaluate the online projects. Our marks
were based on marks before March Break. (Elemen-
tary math, health and physical education, and design
and inquiry teacher)

We were told not to assess our students in an online
environment. (Elementary math and science teacher)

I did not assess my students in the online environ-
ment. Feedback was given for each task. (Elementary
science and technology teacher)

These responses highlight challenges and tensions
around assessment practices in an ERT context. Some
teachers linked assessment to grading and believed that

their assessment was invalid or did not count since stu-
dents were not graded. One of the participants did not
consider the feedback they provided on tasks as an as-
sessment strategy. Overall, teachers’ responses reflected
a major gap in their understanding of assessing online
learning (Espasa & Meneses, 2010; Tinoca & Oliveira,
2013). This gap can be addressed through professional
development programs and high-quality resources
reflecting authenticity in assessment strategies. Such
programs should integrate TPACK (Koehler & Mishra,
2005) in order to model linkages between pedagogical
approaches, content knowledge, and assessment in on-
line environments.

Conditions for effective assessment
Fifteen percent of responding teachers reported on criteria
for effective online assessment including record keeping
tools; communication and feedback; assessment “for
learning” through written reports and rubrics instead of
tests; and extending time and pacing for students. Despite
their satisfaction, responses were still coupled with chal-
lenges associated with providing effective online assess-
ment. In utilizing the online learning platform, some
teachers found the embedded rubrics, mark managing
software, and plagiarism software to be helpful and
expressed intentions to utilize these tools upon return to
face-to-face instruction. Teachers commented:

Online assessment was effective as it was based on ru-
brics. (Elementary science and technology teacher)

It was great actually. Students were able to get im-
mediate feedback on whether they understood the
material. These didn't count towards their grade -
just self-assessment. But it also allowed me to gauge
whether they were engaging with the material each
day. (Math teacher)

Assessment strategies used are very effective. While
the learning is very student driven, the outcomes
could be assessed with a simple rubric and other
specific diagnostics depending on the assignment.
(Earth and space sciences, environmental sciences,
and computer studies teacher).

The effective use of online feedback and rubrics are em-
phasized in the literature (e.g., Dipietro, 2010). Online
environments are conducive to these forms of assess-
ment in terms of providing both teachers and students
with valuable information about student progress.
Teachers expressed the need for communication in

successful assessment, including providing written feed-
back that allows for more meaningful conversations,
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consistent and personal follow-up with students, and
clear instructions. Teachers commented:

I think they were pretty effective because I made sure
to have a lot of contact with students - conferencing
and small groups, emails, etc. to be sure they were
learning.

My assessment strategies seemed very much for as-
sessment FOR learning purposes only. It felt unfair
to do much assessment of learning due to the plat-
form being new to students.

The latter comment, in addition to teacher responses on
effective assessments, highlight adequate levels of under-
standing of assessment. This further emphasizes the im-
portance of teacher collaboration and exchange through
communities of practice (Wenger, 1998) that would en-
gage teachers in rich and fruitful discussions about online
assessment strategies. In an ERT context, technological,
pedagogical, and social challenges experienced by teachers
are numerous (Ferri et al., 2020), thus impeding their on-
going participation in communities of practice.

What were the impact(s) of online teaching on student
outcomes, as observed by teachers?
The impact of online teaching on student outcomes was
generally considered negative by most teachers (Fig. 6).
The observed negative impact relates to student-student
engagement (60%), student-teacher engagement (46%),

and student achievement (42%). This reiterates the
aforementioned challenges of online teaching that have
been documented in the literature (Barril, 2018; Recker
et al., 2013; Searls, 2012; Simonson et al., 2009; Tinoca
& Oliveira, 2013; Zhang & Lin, 2020). On the other
hand, 58% of teachers observed a positive impact on stu-
dent competency in using online technology. Educators
can capitalize on students’ digital competence to en-
hance their engagement and reflect academic gains in
online environments. The current technological ad-
vancements, especially social media and communications
can help mitigate these challenges. Research has docu-
mented that online digital resources can enrich the
classrooms and improve student learning (Recker et al.,
2013).
The impact of online teaching on student outcomes is

inconclusive. While some studies have highlighted the
positive impact of Internet-supported learning on stu-
dents in terms of grade achievement, motivation, partici-
pation, and satisfaction (Amasha et al., 2018; Bekele &
Menchaca, 2008; Dumford & Miller, 2018), several stud-
ies highlight challenges related to learners’ motivation
and engagement (Cook & Steinert, 2013; J. Davis et al.,
2007; Lao & Gonzales, 2005; Leire et al., 2016; Saadé
et al., 2007; Zhang & Lin, 2020). It is also important to
note the context of these studies. Teachers and students
in our study were faced with many challenges related to
ERT that negatively affected student outcomes. These
findings reiterate the importance of aligning elements of
the CIPP model during ERT, specifically context,

Fig. 6 Teachers’ account of online teaching impact on student outcomes
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process, and products, and recognizing the interconnect-
edness of these elements (Stufflebeam, 2007). Further-
more, we need to take into consideration other factors
that affected students’ motivation and accountability in-
cluding their mental well-being and interest in learning,
in general, during this unprecedented time. This compli-
cates the analysis but does not negate the fact that stu-
dents and teachers were facing several challenges
throughout the process.

Conclusions
This study sought to explore science/STEM teachers’
curriculum and assessment practices during ERT. Find-
ings suggest that a model, such as CIPP, is essential for
organizing online teaching and learning. For example,
despite teachers organizing online lessons during ERT,
gaps were identified in teachers’ TPACK frameworks
and self-efficacy. These in turn impacted teachers’ cur-
riculum development, pedagogy, and assessment prac-
tices. In terms of teaching strategies and curriculum
implementation, results of this study indicate that
teachers prioritized teaching subject content knowledge
at the expense of implementing creative and student-
centered pedagogy. These findings directly correlate with
teachers’ TPACK, as despite 86% of teachers self-
reporting high competency scores for online technology
teaching, they faced difficulties combining their techno-
logical skills, pedagogical skills, and content knowledge
to ensure a rich online teaching/learning experience.
This is linked to teachers’ self-efficacy – with low self-
efficacy negatively affecting attitudes toward online
teaching (DeCoito & Estaiteyeh, in press), and subse-
quently, pedagogical practices related to online contexts.
Online assessment techniques, which generally did not

include many creative tools, were viewed by teachers as
mostly ineffective and unauthentic. For example, 76% of
teachers did not view their assessments as effective. Fur-
thermore, most teachers did not view the impact of on-
line teaching on student achievement and engagement
positively. These findings directly relate to teachers’ self-
efficacy and the integration of the TPACK framework in
addressing elements of CIPP, specifically process and
outcomes (Stufflebeam, 2007).
In this study, science/STEM teachers’ online peda-

gogical and assessment practices during the COVID-19
pandemic warrant further investigation. Teachers
expressed several challenges impacting their attitudes to-
ward online teaching, which in turn negatively affected
their pedagogical practices. These challenges include the
lack of high-quality resources related to teaching and as-
sessment, and lack of training; student equity issues in
terms of access, technological skills, support, and
special-needs students; and teacher time constraints
(DeCoito & Estaiteyeh, in press). These challenges

negatively impacted teacher reported student outcomes,
given that an increase in teachers’ outcome expectancies
reflect a greater belief in their students’ abilities to suc-
ceed (Riggs & Enochs, 1990; Teo, 2009).
Our findings add to the literature on ERT, enhan-

cing teacher self-efficacy and TPACK understandings.
Many of the challenges identified warrant ongoing
professional development opportunities – collaborative
work groups, community building and communities
of practice – to transform teachers’ practices through
social knowledge construction (King, 2002). For ex-
ample, teachers need to be prepared and supported
for online teaching to become well versed in the rele-
vant instructional online pedagogies (Baran et al.,
2011). Furthermore, teachers must carefully balance
between the time spent on pedagogical practices and
that spent on managerial ones (Zhang & Lin, 2020) in
online contexts. Finally, teachers should engage in
professional development around technology through
workshops and training sessions (Smith et al., 2018)
to improve their self-efficacy and TPACK integration.
We believe that this research is instrumental for de-
veloping a framework that is appropriate to evaluate
ERT practices in science/STEM education.
One key finding that warrants extensive investigation

beyond the scope of this paper is teachers’ account of
challenges providing equitable and inclusive online
teaching. Teachers reported the lack of equity and inclu-
sion of disadvantaged students or underprivileged com-
munities in online classes, similar to findings of other
studies (Ferri et al., 2020; Stelitano et al., 2020). This is
an ongoing challenge in education, irrespective of the
pandemic, however, it was exacerbated in an ERT
context.
Regardless of the status of the COVID-19 pandemic or

potential pandemics in the future, online teaching is a
promising endeavor in a growing digital world. Thus, K-
12 teachers need to be equipped with the required
digital literacy skills and be prepared to teach in environ-
ments where students have a great interest and where
they can capitalize on their proficiency to excel academ-
ically (DeCoito & Richardson, 2018b; Ng, 2013).

Implications and future research
This research is instrumental for providing a landscape
of challenges, successes, gaps and barriers encountered
by teachers and students as they migrated to online
teaching during a global pandemic. It will advance
knowledge about online teaching in K-12 settings. More-
over, it will inform policy makers, administrators, and
curriculum designers about successes and challenges as-
sociated with ERT. Our hope is that it provides teachers
with an opportunity to reflect on and assess their
current practices and explore other teachers’ practices in
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science/STEM education. It beckons the education com-
munity to explore and innovate various ways to enhance
student-student engagement and student-teacher en-
gagement online; develop authentic digital assessment
tools; and promote inclusive and relevant curriculum
and pedagogy.
Future research may explore ERT nationally and inter-

nationally with a goal of developing new frameworks for
addressing online teaching and assessment practices in
science/STEM education. Future research should focus
on online observations of teacher practice, as well as
explore the effectiveness of professional development
programs on pre-service and in-service teachers’ peda-
gogical practices. Finally, student outcomes should be
explored in depth (through interviews, observations, and
coursework analysis) to gain a comprehensive under-
standing of the implications of ERT on science/STEM
teachers and students.
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