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Remote Science Inquiry Instruction for Motion on an
Inclined Plane

Patrick R. Wells, Karen Goodnough, Gerald Galway, and Saiqa Azam

Abstract: This case study examined distance education (DE) teachers using
remote science inquiry instruction (RSII) to support a hands-on lab for motion on
an inclined plane. The RSII lesson was developed as part of an online lesson
study (Lewis & Hurd, 2011). The activities of the teachers and students,
collectively the case, are reported by the phase of lesson study. During the Study
and Plan phases of the lesson study, student preparation was deemed
paramount. Students at disparate geographical locations needed to be ready to
conduct the hands-on inquiry. The students used Vernier® probe ware and
interfaces during synchronous instruction, and teacher support via Brightspace.
A Google Doc, with hyperlinked Screencastify videos, was developed during the
Plan phase to train students in how to use the probe ware required to conduct the

inquiry.

During the Teach phase of the lesson study, the teachers used the predict-
observe—explain (POE) strategy of inquiry to engage students and elicit samples
of student thinking (White & Gunstone, 1992). To predict, the students drew the
shape of the graph and explained the reasoning behind their prediction. To
observe, the students conducted the inclined plane inquiry and took note of what

happened as the motion data was simultaneously collected and graphed. To

explain, the students observed the graph to engage synchronously with their data
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and teachers. This allowed students and teachers to begin addressing any
misconceptions that occurred during the prediction stage. Keeping the students
engaged, giving them an opportunity to predict the shape of the graph, and
providing simultaneous data visualization of the phenomenon helped to support
the conceptual change process. In this article, we examine how RSII helped

students construct meaning during the inquiry process.

Keywords: remote science inquiry instruction, online lesson study,
hands-on inquiry, predict-observe—explain (POE), misconceptions, student

engagement

Instruction d'enquéte scientifique a distance pour le

mouvement sur un plan incliné

Patrick R. Wells, Karen Goodnough, Gerald Galway, and Saiqa Azam

Résumé: Cette étude de cas a examiné 1'enseignement a distance en utilisant
I'enseignement de la recherche scientifique a distance (RSII) pour soutenir un
laboratoire pratique sur le mouvement sur un plan incliné. Les actions des
enseignants et des étudiants, collectivement le cas, sont rapportées ici alors qu'ils
ont mis en ceuvre le RSII en utilisant une lecon développée par trois enseignants
pendant une étude de legon en ligne (Lewis & Hurd, 2011). La préparation des
éleves a été jugée primordiale dans les phases d'étude et de planification au
cours de 1'étude de cours, sachant que les éleves, géographiquement disparates,
meneraient I'enquéte pratique a 1'aide des sondes et interfaces Verniera pendant
I'enseignement synchrone et le soutien de l'enseignant via Brightspace. Un
document Google Doc, contenant des liens hypertextes vers des vidéos
Screencastify, a été élaboré pendant la phase de planification afin de former les
éleves a l'utilisation du matériel de sondage nécessaire a la réalisation de

I'enquéte.



Les enseignants ont utilisé la stratégie d'enquéte POE pour faire participer les
éleves et obtenir des exemples de leur réflexion pendant la phase d'enseignement
de I'étude des lecons (prédire, observer, expliquer, White & Gunstone, 1992). Dans
la phase de prédiction, les éleves ont dessiné la forme du graphique et ont fourni
un raisonnement pour leur prédiction. Ensuite, les éleves ont mené I'enquéte sur
le plan incliné afin d'observer le phénomene pendant que les données relatives au
mouvement étaient collectées et représentées simultanément sous forme de
graphique pour les éleves. Voir les représentations graphiques du mouvement
ont permis aux éleves de participer a I'étape d'explication de la POE, ou
I'engagement synchrone de RSII avec leurs données et les enseignants ont
commencé a aborder toutes les idées fausses de la phase de prédiction.
L'engagement des éleves, la visualisation simultanée des données du phénomene
et la prédiction personnelle ont soutenu le processus de changement conceptuel.
La facon dont la RSII favorise la construction de sens par les éleves au cours du

processus d'enquéte est discutée.

Mots-clés : instruction d'enquéte scientifique a distance, étude de cours
en ligne, enquéte pratique, prédire-observer-expliquer (POE), idées fausses,

engagement des éleves



Introduction

Instructional technology has changed since the early 1980s when computers and
their thought-provoking software (Dickson, 1985) were introduced to K-12 classrooms.
Present educational technology offers seemingly unlimited remote opportunities such as
virtual labs and simulations (Price et al., 2019), real-time ecological observing on Ocean

Networks Canada (https://www.oceannetworks.ca), and distant physical laboratories where

students can remotely manipulate experiments (de Jong et al., 2014). When computers
were first being used in the classroom, Mokros (1985) examined the impact of computer-
based labs on students developing motion graphing skills and found that “middle school
students are quite capable of producing and explaining graphs of position and velocity”
(p. 6). Our investigation seeks to address a similar question, except the teachers included
in this case study support Grade 10 science students, separated by distances ranging from

31 mi to 373 mi (50 km to 600 km), using Brightspace to deliver distance education (DE).

Literature Review

The extensive body of literature that exists about remote labs and virtual labs has
been reviewed by Heradio et al. (2016). In addition, Zacharia et al. (2015) wrote specialized
reviews and guidance on remote and virtual labs, and Sauter et al. (2013) wrote about the
instructional authenticity of these tools. Although remote and virtual labs are sometimes
suggested as an alternative to hands-on laboratories (Heradio et al., 2016), virtual
manipulatives are not the same as physical lab equipment (Olympiou & Zacharia, 2012).
Our study examines the blended use of technology, physical apparatus, and synchronous

remote teacher guidance to support a hands-on lab. When these three components are
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used together, a unique form of DE teaching is possible called remote science inquiry
instruction (RSII). In the high-school context, RSII is similar to remote laboratories and
virtual laboratories. For example, with RSII a teacher is generally present (Eslinger et al.,
2008). Also, RSII may include different forms of collaboration (Sinha et al., 2015), and the
teacher or simulation may provide support or feedback (Zacharia et al., 2015). If the
inquiry addresses a hypothesis or answers a question, students may be cognitively and

metacognitively engaged (Brinson, 2015, 2017).

The students included in this investigation were from remote schools. They were
not working alone such as a person might do in a home study lab (Kennepohl, 2013). In a
home study lab, a university student might conduct “laboratory work off-campus on their
own” using kits, kitchen science, self-directed field-work, or a combination of these things
(p. 674). The distinguishing features of an RSII inquiry are the hands-on requirement, and
the use of a web-based communication and application sharing platform for synchronous
communication. The participants in this case study used Brightspace. The pedagogy that
informs RSII is situation-specific and contextually determined (Kim & Hannafin, 2004) for
DE students in schools during a pandemic. This type of instruction has been used by
science teachers at the Centre for Distance Learning and Innovation (CDLI) for two
decades. RSII was a proven pedagogical approach before it was suggested as a response to
a pandemic. However, this is the first case study that documents CDLI teachers using RSII

with students.

The focus on scientific inquiry is a common thread in literature about remote
laboratories, virtual laboratories, and RSII. Hofstein and Lunneta (1982, 2003) reviewed the

teaching benefits of the science lab. They specifically discussed inquiry empowering



technologies, noting student benefits. “By using associated software, they can examine
graphs of relationships generated in real time as the investigation progresses, and examine
the same data in spreadsheets and in other visual representations” (Hofstein & Lunneta,
2003, p. 41). Yet, teachers may view inquiry-based instruction as a difficult paradox to
solve as they seek to balance their desire to engage students in activities for skill
development against a curriculum that emphasizes basic academic tasks (Loyens &
Gijbels, 2008). Recent curriculum changes address the paradox by emphasizing the

importance of scientific skills. The newly minted K-12 science curriculum

(https://www.gov.nl.ca/education/k12/curriculum/guides/science/) in Newfoundland and

Labrador includes an “Integrated Skills Unit.” Further, the Next Generation Science

Standards (https://www.nextgenscience.org/) published by the National Research Council
(NRC, 2012) state that science and engineering practices are an important dimension for

science learning and:

better explain and extend what is meant by “inquiry” in science and the range of cognitive,
social, and physical practices that it requires. Students engage in practices to build, deepen,

and apply their knowledge of core ideas and cross-cutting concepts.

These curricular changes are supported by decades of empirical findings from
inquiry instruction research (Hofstein & Lunneta, 2003; Minner et al., 2010). The reason
that lab investigations are more engaging for students (DiBiase & MacDonald, 2015;
Wilson et al., 2010) is likely that they position students at the centre of their learning
during scientific investigation, and the role of teachers is to scaffold student learning
(Minner et al., 2010; Zacharia et al., 2015). Inquiry is recognized as an inclusive form of
pedagogy (Duran & Duran, 2004; Meyer et al., 2012; Meyer & Crawford, 2015). Certainly,

inquiry is more inclusive and more effective than lectures (Blanchard et al., 2013).
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Research suggests that taking care of individual professional development and
developing communities of professional learning are crucial for increasing the number
and quality of high-school science inquiry lessons (Blanchard et al., 2013; Miranda &
Damico, 2013, 2015). The RSII lesson used in this investigation is the product of a 16-week
lesson study (Lewis & Hurd, 2011). Our research focused on the actions of the teachers
and students during the remote inquiry, and the reflections of the teachers and other
members of the lesson study group. This unique study addressed a literature gap by
reporting situation-specific and contextual factors for a high-school science inquiry lesson
held remotely. The RSII described in this study is a kinematics investigation that focuses
on knowledge and skill outcomes from local provincial curriculum (Newfoundland and
Labrador Department of Education, 2018). However, the “Motion on an Inclined Plane”
inquiry also engages students with Next Generation Science Standards, science and
engineering practices such as “Planning and Carrying Out Investigations” and “Analyzing

and Interpreting Data” (NRC, 2012).
The Predict-Observe-Explain Theoretical Framework

RSII employs remote technology to manage and support students as they collect
data in their remote locations to answer inquiry questions. The RSII used in this study
included one structured inquiry, and one confirmation inquiry and examined motion on
an inclined plane (Banchi & Bell, 2008). The students collected motion data in their remote
contexts using the LabPro and Motion Sensor 2 from Vernier® Inc.
(https://www.vernier.com/). During the lesson study, the group decided the inquiry lesson
would employ the predict-observe-explain (POE) strategy first developed by White and
Gunstone (1992) and later popularized by Haysom and Bowen (2010).
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Research about using POE has found that the technique helps unearth and address
student misconceptions about factors such as circuits (Phanphech et al., 2019), force and
motion (Kearney & Treagust, 2001), and colours of light (Keles & Demirel, 2010). An early
longitudinal investigation applied POE to a first-year undergraduate physics course. The
course used qualitative conceptual problems and worked examples from the teacher
(Searle & Gunstone, 1990), rather than the simulations and hands-on laboratories
described above. The investigation reported initial success, although long-term conceptual
change was not evident in their study group. For the student to cognitively engage with
the concept of motion on an inclined plane, they need to predict the results of the
experiment. The predict stage of POE is vital for students because it engages them in the
research question, and allows them through cognition to create an expression of their

conception (Gunstone & Mitchell, 2005; White & Gunstone, 1992).

In our study, students were asked to predict the shape of the motion graph and
provide reasoning for their prediction. Many other studies have reported that students
experience challenges with kinematics graphing (Beichner, 1994; Kozhevnikov &
Thornton, 2006; McDermott et al., 1987). Based on his 28 years of experience with high-
school student inquiry, Patrick Wells, the first author of this case study, agrees with these
findings. In the POE of this investigation, after their prediction, students conducted the
inclined plane inquiry to observe the phenomenon and then explain the phenomenon they
observed. In a formal report, the students reconciled the differences between their
predictions and what actually happened. Engaging students” prior knowledge during

inquiry supports the social construction of knowledge (Colburn, 2000).



Research Design and Methods

Case Study

This case study (Merriam, 1998) was an online interpretive inquiry (Merriam &
Tisdell, 2015) of RSII. The case study examined the development and enactment of a DE
inquiry lesson developed during a 16-week remote lesson study (Wells et al., 2023). The
boundaries of this holistic descriptive account were drawn around the three teachers and

their students.

Sampling and Contexts

The lesson study participants were two DE teachers purposefully sampled from the
CDLI and the first author (Table 1). CDLI is a division of the Newfoundland and Labrador
English School District. Since 2001, CDLI (https://www.cdli.ca) has been dedicated to “the
development and delivery of senior high-school distance education programming to
students attending high schools in rural, remote, and isolated regions of the province”

(Centre for Distance Learning and Innovation, n.d.).

To conduct synchronous instruction in remote geographic locations, we employed
Brightspace (https://www.d2l.com). The number of remote school locations that joined
synchronous science classes varied from seven to ten per class. Some remote schools had
four to five students in a DE science class; others had two to three students. The class sizes
varied from 18 to 22 students. Due to internet bandwidth issues in rural areas, instruction
employed in Brightspace did not include continuous student camera connections with the
teachers. However, all of the students could see the teachers, share applications, and

communicate by audio as well as through public and private chat.
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The teachers, referred to as the lesson study group, developed and conducted the
remote inquiry as part of the lesson study cycle (Lewis & Hurd, 2011). They included a
retired CDLI teacher/administrator acting as a knowledgeable other, a CDLI
administrator, school principals from remote sites within the Newfoundland and
Labrador English School District, and CDLI staff who supplied technical and logistical

support to the lesson group.

Table 1

Participant Information

Lesson Study Teaching
Pseudonym Group Position Experience Education
Dianne CDLI Remote Teacher 17 years BSc, BEd, MEd (in
progress)
Norman CDLI Remote Teacher 21 years BSc, BEd, MEd
Paddy Researcher and Remote 28 years BScH, MSc, BEd,
(first author) Teacher PhD Candidate

Research Stages, Protocols, and Data Sources

Due to the COVID-19 pandemic, ethical clearance required remote research
protocols. The geographically separated teachers communicated, collaborated, and held
lesson study meetings using Google Suite apps including Google Meet, Google Docs, and
Gmail. The first four weeks of the investigation included professional learning related to
lesson study and science inquiry instruction. The majority of the lesson study meetings

were conducted using Google Meet. Asynchronous lesson development used Google

10



Docs. Other communication for logistics and questions involved Gmail, Google Calendar,

and text messages. The lesson study was completed within a 16-week timeframe (see

Table 2).

Table 2

Timeline, Activities, Interface or Context, and Data Sources Stage

Timeline Activities Interface/Context Data
Weeks 1-4 Pre-interviews, Google Meet & Field notes, Google
Professional Google Docs Meet recordings®,
learning for lesson Shared Google
study and inquiry- Docs
based instruction
Weeks 4 - 11 Study and Plan Google Meet & Field notes, Google
phases of online Google Docs Meet recordings®,
lesson study Shared Google
Docs
Weeks12-13  Teach phase of Brightspace Field notes from
online lesson study recorded lesson
observation
Weeks 12-15  Reflect phase of Google Meet & Field notes, Google
online lesson study  Google Docs Meet recordings®,
Shared Google
Docs
Week 16 Focus group and Google Meet Field notes, Google

final interviews

Meet recordings*

Note. *Transcribed. Professional learning for lesson study was based on, Lesson Study: Step by Step

(Lewis & Hurd, 2011) and Mills College online resources (www.lessonresearch.net).

Teacher research in developing the inquiry lesson was guided by the Mills College

definition of the Study, Plan, Teach, and Reflect phases of lesson study (Figure 1). To

11
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complete the scientific inquiry aspect of professional learning for inquiry instruction, we
examined the levels of inquiry depicted in Banchi and Bell (2008), and discussed the

challenges and rewards of supporting remote student inquiry.

During the Study phase, teachers reviewed the science curriculum (Newfoundland
and Labrador Department of Education, 2018) and discussed the long-term learning needs
of the students. A seminal consideration was that DE students were not supervised by an
in-school science teaching specialist. The meetings held during the Plan phase revolved
around preparing the lesson and examining the “Integrated Skills Unit” (Newfoundland
and Labrador Department of Education, 2018). During Plan sessions, the teachers
considered the technical and inquiry learning needs of the students, as well as the training

students needed on how to use data collection devices.
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Figure 1
Lesson Study Cycle

4, Share data, summarize

and share learning, consider
implications for future
instruction and learning /

1. Study curriculum and standards.
Consider long-term goals for student
learning and development

E=)
()

4 Reflect

2. Select the research lesson
Anticipate student thinking
Plan data collection and lesson

3. One member teaches,
the others collect data

Note: Reprinted from The Lesson Study Group at Mills College
(https://lessonresearch.net/resources/content-resources)

In the Teach phase of lesson study, the teachers conducted RSII using the research
lesson and the developed resources, synchronously in Brightspace. Each lesson was
recorded, and the group members of the lesson study were given access to the lessons so
they could make the lesson observations required for the Reflect stage. Dianne taught the
lesson as a structured inquiry in which the students did not know the outcome of the lab
(Banchi & Bell, 2008). After a reflection session, Norman re-taught the lesson as a
confirmation inquiry in which students knew the outcome of the lab (Banchi & Bell, 2008).

The second reflection conducted in Google Meet marked the end of the lesson study

13
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cycles. The research concluded with a focus group to discuss the importance of inquiry

and teacher research as PL.

In case study research, triangulation contributes to the internal validity (Merriam,

1998). The multiple types of data in Table 2 were gathered through various collection

methods, and from varied sources and contexts (Leavy, 2017). All data in this study were
supplied to group members of the lesson study to ensure that the participant’s meanings
were reflected in the case. This fostered internal validation of data sources (Cohen et al.,

2017).

Coding and Analysis

The field notes and lesson resources, along with the transcribed teacher interviews
and meetings, were imported into MAXQDA to examine the lesson study activities of
teachers and students. The initial framework for coding included two a priori code
categories: Lesson Study codes and RSII codes. It also included sub-codes such as Level of
Inquiry, Lesson Study Plan, and Lesson Study Teach. During repeated reading while
listening to the audio recordings, subcategories emerged such as Lesson Study
Collaboration, RSII Equipment Needs, RSII Outcomes, and Student Success. The strategy
of creating categories lead to some open coding (Strauss & Corbin, 1998). This reflexivity
was examined by Blair (2015). Our analysis approach involved using a top-down category
template with open coding. We believe this approach “helped develop a bottom-up device

that reflects key concepts that were found in the participant data” (p. 26).
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Findings

The Context for a Remote Inquiry

The two DE teachers of this study, Dianne and Norman, taught Science 1206 to 21
remote DE schools. Dianne and Norman each connected synchronously with as many as
seven different DE schools per class using Brightspace. The number of students per site
ranged from two to five. While Dianne and Norman were synchronously connected to
students with Brightspace, each DE school had a supervising teacher for the school’s DE
classroom. The supervising teacher could support student safety including pandemic
protocols, class management, and computer issues. However, the supervising teacher was
not responsible for science lesson content, nor were they expected to be specialists at
teaching science. Therefore, the lesson study group presumed the DE students would rely

on the online resources and the DE teachers for content and technical support during RSIL
Preparing for Remote Science Inquiry Instruction

Following a review of the curriculum and remaining course units, the lesson study
group decided to conduct the “Motion on an Inclined Plane” lab as the research lesson.
This decision started the Plan phase of lesson study, and the teachers started training on
how to use the data collection equipment and software required by the research lesson.
One teacher struggled with obtaining motion data, but the issue was resolved by
consulting with the knowledgeable other who suggested the newest motion sensor should
be used to conduct data collection for objects closer that 5.9 inches (15 cm). This event and
ongoing practice using the correct sensor focused the lesson study on elements required to

support RSII during the Teach phase of lesson study. In later Plan meetings, the teachers
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examined logistics, data collection training, troubleshooting, and the pedagogical decision
to use POE. They began by examining the logistics and determining the status of school-

based equipment.

Logistics

Each DE school had a CDLI Lab toolbox that included an interface, several types of
probes, and the cables required to power and connect the interface to a computer. Figure 2
shows the toolbox components required for the RSII lesson, including the rolly object (a tin
can or other object) to be procured by the students. Class surveys conducted by Dianne
and Norman found most DE schools had toolboxes, but several toolboxes were missing
the motion sensor. Dianne reported, “I've had the kids looking around, and I got a number
of schools who don't have a motion detector in their toolboxes.” The DE school support
promptly helped classes locate the missing items from their toolbox and CDLI staff
supplied upgrades such as motion sensors to the schools. At each school there were
desktop computers designated for DE with interface software and Google Chrome. As a
result, all of the students could view shared lab documents, collect data, and analyze the
results of the experiments. However, as Dianne reported, the version of the interface used
at each school varied, “The newer kits have the LabQuest, some even have the
LabQuest2!” The different versions of the interface created a student training issue that is

discussed later.

As reported by Norman, the three main instructional challenges of RSII were “time
limitations, getting everybody co-ordinated in ten different schools, all [with] different
problems.” Questions asked by the lesson study group included: “Could this inquiry lab

be completed in one class?” “Will troubleshooting interfere with important instructional
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activities such as providing feedback?” The group addressed these issues by planning

asynchronous and synchronous student training.

Figure 2

Apparatus for Motion on an Inclined Plane Inquiry

Note. This figure shows the apparatus for motion on an inclined plane inquiry that was used to
measure the velocity of the can as it moved down the ramp away from the motion sensor (both
in the foreground). The LabPro interface and monitor, with the data collection software, are in
the background. As the can moved down the ramp (see Figure 5), a graph of motion was
instantaneously produced.

Asynchronous Training

To address the issue caused by multiple versions of the interface, the lesson study
group developed a Google Doc with images and text descriptions of the cables, sensors,

and the three versions of the interface that might be used. They added hyperlinks to
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Screencastify videos that showed in detail the process used to connect each version of the
interface with the sensor and the computer. People following this process benefited from
watching the video and listening to the sounds produced by the interface or probe to
indicate the current mode of function. For example, when the motion sensing probe was

properly connected to the interface, the sensor produced a characteristic clicking sound.

The Google Doc and hyperlinked videos were the only asynchronous instructions
provided to help students set up the data collection devices. Norman felt, “The biggest
trick is going to be getting them to actually make the equipment function.” He then added,
“You'd have to take a class almost where . . . you're making them get the equipment to
function... [The] lab itself wouldn't take that much.” The teachers decided it would be
worthwhile for the students to have a practice session in using the equipment before doing

the lab activity and they set aside a class for this purpose.

Equipment Practice Activity and Evidence of Asynchronous Support

When the synchronous practice session started, most DE students had their
equipment connected and turned on, ready to collect data. This showed the effectiveness
of the asynchronous training document and hyperlinked Screencastify videos. The
practice was a kinematic activity that required the students to create movement to mimic a
distance-time graph. For example, students were shown a distance-time graph with a
positive slope, a slope of zero, and then a negative slope. Next, they determined, by trial
and error, or by examining the graph, the movement needed for the graph to be
automatically created as the sensors collected motion data. For example, to create the
distance-time graph mentioned above, they had to move away from the sensor (positive

slope), stop (zero slope), and then move back towards the sensor (negative slope).
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The practice activity was a success, not only in terms of training students to use the
equipment, but also in terms of giving them an understanding of constant motion on a
distance-time graph. Norman stated, “There were groups of mine who basically had the
whole thing hooked up before I even had it shown on screen what was going to go on.
They had everything together and plugged in.” Dianne reported similar levels of student
proficiency, attributing this to, “The videos, the [Google Doc] files, and then the fact that
we did the run-through.” Dianne reported, “They're getting really nice graphs...I
demonstrated with my camera, as I set it up and they watched me walk back and forth,

'II

and that's what they did. And they're getting good!” The practice activity clearly helped
some students connect motion with the distance-time graph produced by the interface.
Norman was also pleased with the asynchronous support Google Doc. He summed up the

importance of the practice and feedback for the remote students:

If you were there in person, it wouldn't have been so bad because you can just make
everybody pick up the exact same thing as you, and we'll get together. Or, you can have it all
laid out for them. But the virtual [environment] separated everybody, and what equipment
they have, and stuff like that. Taking that time [for practice] was a big [advantage]. In my
mind, that was a smart move.

Conducting the Inclined Plane Lab

When the synchronous RSII lesson started in Brightspace, over 90% of the students
at remote school sites were ready to conduct the lab. They had their equipment set up and
were ready for data collection. The students had already learned which materials they
needed to procure and how to build an inclined plane from the Google Doc and

Screencastify videos. For reasons that will be discussed later, a group in one school had
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difficulties. With that group, several students joined online from home, and did not have

physical access to the equipment and inclined plane apparatus.
Lesson Progressions in Remote Science Inquiry Instruction

The introduction to the RSII lesson that was used by Dianne and Norman started
with a modified check-in. This check-in asked the students to indicate whether they were
ready for the experiment by selecting checkmarks on their Brightspace screen. Students
were asked to collect images of their apparatus and the process they followed in setting up
the equipment as evidence that they had the skills. Norman reminded students of the most
important step, “Plug in the power last!” In less than 5 minutes, the students verified the
ready status of their equipment, their sensors started making clicking noises, and the

students were ready to proceed.

The formal lab started with a short review of the types of constant motion. This was
an important reminder for the students. The short review reinforced the practice activity
and set up the students to begin the formal “Motion on an Inclined Plane” lab. Before the
class, the students received a lab document shared on Google Docs. Both teachers referred
to this document as they reviewed uniform motion, acceleration, average velocity, and
instantaneous velocity. However, this is where their lessons differed slightly. Dianne did
not review acceleration on distance-time graphs, thereby making the lab a structured
inquiry. In contrast, Norman reviewed the lab’s expected results as part of a confirmation
inquiry (Banchi & Bell, 2008). The review lasted approximately 5 minutes and led into the
first formal part of the “Motion on an Inclined Plane” lab, which was making a prediction.

This formally started the POE portion of RSII.
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The teachers asked the students to represent the rolly object (Figure 2) as it moved
down the inclined plane. Each teacher drew a sample prediction (Figure 3) and

encouraged students to draw their own prediction on their lab report sheet.

Figure 3
A Sample of Norman'’s Prediction (RSII Lesson Field Notes)

Teacher sample
prediction

{

In asking for a prediction, the teachers were getting the students to represent
observed motion as a graphed shape. How the students responded revealed their
kinematic reasoning and all the students drew their prediction on the designated section
of their lab report. The teachers encouraged students who wanted to share their
predictions to draw on the Brightspace whiteboard. Dianne encouraged the students
saying, “Your prediction is not going to be wrong, because it's what you think!” She
added, “Is our experiment going to support what we thought it would look like? That's

the fun part!”
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Interestingly, nine out of ten of the public predictions were incorrect (Figure 4); as
were many of the predictions observed on the student lab reports. In Figure 4, Students 5
and 4 demonstrated a common misconception, which is that the graph will take the same
shape as the observed movement of an object down an inclined plane. Student 7 had the
closest prediction, but did not account for the change in velocity as an object accelerates
down a ramp. Figure 5, in which the line curved from 0.6 s to 1.6 s, indicates this change in
velocity. It was important for the teachers to know about student misconceptions so that

they could guide data collection and offer appropriate instruction as the lab continued.

Figure 4
Student Predictions of Distance-Time Graph for Object Rolling Down an Inclined Plane

Student 4

tUdent 5 Student 7
Student 8 [ i
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Figure 5
The Graphical Result of Rolling an Object Down an Inclined Plane

Note. Figure 4 and Figure 5 show distance on the y-axis and time on the x-axis. Figure 5 shows
the curved line that is typical of acceleration.

Norman conducted the confirmation inquiry. During the lesson study Reflect stage,
When Norman was asked if his students understood motion on an inclined plane, he said,
“Well, the fact that none of them got predictions right really became something else. But
none of them got predictions right.” Many students in all classes demonstrated well
documented challenges in expressing the motion they observed as a graphical prediction

(Beichner, 1994; Kozhevnikov & Thornton, 2006).

Data Collection and Students at Home

At approximately 15-minutes into the lab, the students in each RSII class started
data collection. Norman had set up lab groups in which each student had a role. This
ensured that COVID-19 protocols were followed for high-touch surfaces and objects such
as the rolly object. Both teachers were active as students quickly shared their results on
Brightspace. When a student asked about the sharp change in the graph followed by a
slope of zero (Figure 5), Norman explained that “The first two seconds of the experiment

was a nice graph.” After that, there was a “crash at the end,” resulting in a zero velocity.
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Throughout data collection, the teachers offered dynamic formative assessments similar to
this example. They also provided scaffolding for students to understand the results, such
as reminding them to identify errors and to clarify which parts of the graph provided

good data. This was done for each unique data set from multiple DE school sites.

Students Who Missed the Activity

Several students were unable to attend school during the lesson and were
accommodated in two ways. If the student could connect to Brightspace for the
synchronous class, they guided the teacher through the experiment, sending the teacher
text messages on what to do next. If the student could not connect to Brightspace, they
watched a recording of the other students guiding the teacher through the experiment.
Whether the student did the lesson at home using Brightspace or watched a recording,

they used the same Google Drive data files as the other students.

All of this happened at the same time as students at DE schools who did not need
accommodations conducted their experiments. Students at home with access to
Brightspace guided the teachers through data collection. Acting as proxies for the students
at home, Norman and Dianne watched the Chat on the video feed. They followed the
instructions students typed into Chat as they completed the rolly object experiment. When
students at home typed, “Go!”, the object was set in motion on the inclined plane and the
graphical results were presented in the application that was being shared in Brightspace.

This process involved several characteristics common in a remote lab (de Jong et al., 2021).
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The Unsuccessful Group and Teacher Observation

CDLI computers do not have a camera because of bandwidth issues. Due to this
sensory limitation, it can be challenging for teachers to notice classroom events (Criswell
et al.,, 2021). Most data sharing between the students and teachers was ongoing. The
teachers communicated with their students about the shapes of their graph. The lack of
results from one school group stood out to Norman, “I found that the school that had the
most difficulty keeping on track and getting good results was the school that had other
[non-science] students in the room with them at the same time.” Norman offered a
solution. He suggested that teachers tell their students to turn on their Chromebook and
camera. That way the teachers could watch what was happening in class. Norman also

said this about the issue:

The challenges and needs that became apparent were that students often could use more
direct guidance than was easily possible at times . . . While they could see me, I could not see
them, and was relying on their description input to help me troubleshoot and explain things.

I feel if I was able to see them, these issues would have been much more readily addressed.

With improved remote internet reliability, the student cameras could be turned on.
That would better support teacher noticing on Brightspace, and thereby allow teachers to

manage and support student activities more effectively.

Images and Student Skills

Additional Screencastify videos trained students in how to scale graphed data so
that they could better resolve slopes. During the lab activity, teachers did not have time to

review how graphs can be rescaled. Their primary concern was to ensure that students
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had an appropriate curve for examining instantaneous velocity and to complete their lab
report. As they worked through the lab activity, some students demonstrated that they
had learned how to rescale graphs from watching the Screencastify videos. Norman said
to the other teacher, “I was wondering if you modified [the students’ graphs] for them,
then sent it back to them to work on?” Dianne replied, “Yeah, and some of them modified
[their graph] themselves.” Further, when Norman said that some of his students made “a
better curve” he meant that they adjusted their graph scales to better demonstrate the
relationship between the variables. In other words, they adjusted the x or y axis to more
clearly show the relationship of distance over time. That the students were able to do this
suggests that they learned how by following the instructions given in the Screencastify

videos.

Predict—Observe—Explain Inquiry and Data Collection

By the end of the synchronous RSII session, all of the student groups except for one,
as well as all of the students learning at home, had successfully collected inclined plane
data and had completed the Observe stage of the POE strategy of inquiry. The students
included an analysis of their results in their lab report, thereby making it possible for them
to also address their predictions and any misconceptions they may have had. The
students” goal in completing the report was to use their lab data to calculate tangent slopes
and demonstrate the instantaneous changes in velocity that occurred during the
experiment. As part of the Explain stage of POE inquiry, students were asked to address

any misconceptions they had about motion.
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Predict-Observe-Explain Inquiry and Student Engagement

During the Reflect stage of lesson study, POE predictions and formative evaluations
were discussed. All of the teachers agreed that the student predictions were more than just
a tactic to promote cognitive engagement. Norman observed that student predictions were
also a good way to keep students motivated. “A lot of times with your high-school
students, there's a certain complacency and getting them to start off by making the
prediction gets them in the mind to start thinking about what they're doing. Right?”
Although the vast majority of the predictions were incorrect, there was nevertheless value
in getting the students to make a prediction. As Norman said, “They realize that
afterwards. But they were just making their predictions.” Dianne reported that students
started to connect the graphical motion and data sets with observed motion. “I like how
the velocity sets them up and the kids now know how to verify if it's actually stopped.
They'll go down [in the data], and check and see if the velocity is zero.” For Dianne,
instructing classes using data collected by students and the graphs served a cognitive
purpose:

It’s the first time I've done graphs, yeah, especially the distance-time graphs they re able to
describe . . . I'm like, ‘Write me three lines that describe the object moving.” And they re like,
‘It stopped for a few seconds. It moved forward at a fast velocity. Stopped. It paused, and it
came back toward where it started.” And they're actually starting to put paragraphs together

for me.

Dianne also thought that building the apparatus and having the physical

experience of conducting the lab was important for student learning and engagement:

It's ownership. It's authenticity. If it’s not yours, you're not going to remember. It is not

going to mean anything . . . So, once the kids get that in their hands and that becomes their

27



experience, that was their ball, that was their ramp, that was their graph. We talked this
morning about how we analyzed the graph of the big blue ball. That big blue ball meant
something to those kids. That graph all of a sudden became theirs . . . and that’s what enriches
the activity. So, the more you can get the kids engaged and it becomes theirs, then that’s

where you're learning and your deeper learning starts.

The focus group had many comments that echoed Dianne’s sentiment. The focus
group also reaffirmed the value of placing students, not teachers, at the heart of the lesson.

This approach has been well proven by research.

Discussion

Kennepohl (2103) summarized the forms of DE science lab used for home study,
virtual learning, and remote locations. Home study was described as a higher-education
strategy for learners that allowed them to conduct labs off-campus. In order to complete
home study, students used lab kits, practical kitchen science, household items, and self-
directed fieldwork. RSII is a newly reported form of DE instruction that blends
synchronous and asynchronous teaching. With RSII, skills are taught using physical and
virtual resources. As part of the lab, students practise doing the skills they have learned,
either on their own or with a DE teacher. Kennepohl suggests that simulations offer
students autonomy, feedback, and the ability to explore phenomenon in an engaging
manner that allows the students to control variables. “One can speed up or slow down
different components of the work, which provides time to explore and relieves a student
of tedious work not directly related to learning” (Kennepohl, 2103, p. 676). Similarly, the
students of this study learned how to use the version of the interface on their system by
exploring the Google Doc and repeatedly watching Screencastify videos. This allowed

them to prepare for synchronous RSII.
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How does a remote inquiry compare to an inquiry that uses RSII? Remote
laboratories “employ remote control when an experiment or instrument is physically
inaccessible.” By doing that, remote laboratories offer access to expensive equipment
(Kennepohl, 2013), such as engineering apparatus (de Jong et al., 2013) or real equipment
accessible at distance for science, technology, engineering, and math (STEM) education (de
Jong et al., 2014). The results of remote inquiry are real and require students to analyze
their results. Students will receive support as they do remote inquiry. However, that
support may not come from a teacher who can answer questions that pass the Turing Test
and deal with complicated graphs, by saying things such as, “If you ignore the peaks, it is

'II

a pretty good graph!” (Dianne). The Turing Test was conceived by Alan M. Turing as a
way of determining whether a computer can think (Britannica, September 19, 2022). In this
context, we are using the term to emphasize that teachers offer extra support to students

specifically because of their ability to think and react.

Sinatra et al. (2015) noted that misconceptions are both prevalent and persistent in
science possibly due to the “experiential nature of our background knowledge with
science concepts”, adding that “many science conceptions conflict with human experience
and perception” (p. 5). Given that students may have little experience with motion on an
inclined plane and acceleration, it is not surprising that most of their predictions were
incorrect or incomplete. Kozhevnikov and Thornton (2006) suggest that technology helps
students understand motion concepts by linking graphical representations that show an
object undergoing different types of motion. Graphs that show real and predicted motion
of an object over time help students cognitively link motion with how a graph looks. The
path to conceptual change (Posner et al., 1982) is seeing an object in motion and

simultaneously watching graphs being created that represent the motion, even when this
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is presented as a demonstration (Hynd et al., 1994) or a simulation (Price et al., 2019) that
students watch. The pre-lab practice with its multiple repetitions of experiments helped
students make the connection between an object in motion and a graphical representation
of that motion. This helped students understand constant motion. Without similar practice
with acceleration, it is not surprising that inexperienced students struggled with this new

type of motion.

Beichner (1994) found that students may have difficulty understanding graphs and
noted that “graphs are efficient packages of data,” which makes them an important part of
the vocabulary of physics learning (p. 751). Students may experience difficulties with
graphical relationships, such as connecting acceleration with the fundamental change in
shape shown on a distance-time graph as shown in this study (McDermott et al., 1987).
Kozhevnikov and Thornton (2006) reported that different physics topics and problems
have different spatial-visualization requirements. For example, “finding solutions for one-
dimensional problems involving judgments about motion characteristics of only one
object” (p. 165) may make lower demands on the visual-spatial working memory than
multi-dimensional problems such as an acceleration graph. This seems logical.
Acceleration interpreted as a rate of change versus constant motion is shown as a slope on
a graph, and this derivative relationship may be a challenge for some students to
understand (Jones, 2017). Kozhevnikov and Thornton (2006) reference cognitive research
to explain that interpretations of kinematic graph problems, such as the predictions by the
students in this study, “require high visual-spatial resources" (p. 125). They go on to
suggest that translating “an abstract graphical representation into a real motion event” is a
process in which so-called “low spatial students” might experience more difficulties (p.

125). Kozhevnikov and Thornton (2006) go on to suggest that memory-based learning
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(MBL) reduces cognitive load. We agree that graphical representations such as RSII for
motion on an inclined plane are a useful way to solve this problem. At the very least,
using POE opens a window into student misconceptions and sets the stage for using
student-collected data and teacher scaffolding, to start the process of conceptual change

(Posner et al., 1982).

The teachers of this study believe ownership is possible in a remote classroom.
Enghag and Niedderer (2008) found that students in lab groups for physics mini-projects
demonstrated individual ownership through their actions of choice and control. A study
of science student ownership by O’Neill (2010) examined physical structures and found
that the teacher’s role is integral in “aiding [the] student’s cultivation of ownership” (p.
17). In RSII, having the students working on their own to use data collection tools was
vital to the experiment. The students demonstrated engagement and ownership, which is
a “powerful means for students to affect change in their lives, increased levels of science
engagement, and promote authentic participation” (p. 19). Szalay and Téth (2016) studied
step-by-step inquiry in chemistry with students similar in age to the students in this
investigation. They found that step-by-step inquiry developed skills required for
experimental design and they suggested that, “It is worth modifying traditional practical
laboratory activities to ones where experiments have to be partially designed by students”

(p. 929).
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Blending Virtual and Physical in Remote Science Inquiry

Instruction

In two reviews, Brinson (2015, 2017) examined learning achievement during
traditional labs with hands-on activities versus non-traditional labs that are either virtual
or remote. Brinson found that the virtual and remote labs were as good as or better than
traditional labs in many categories of learning. RSII labs have aspects of both traditional
and non-traditional labs. The non-traditional labs in RSII blend Screencastify videos with
hands-on use of a virtual or physical apparatus. As set out in the science and engineering
practices included in the Next Generation Science Standards, students in this study had to
plan and carry out investigations, analyze and interpret data, use mathematics and
computational thinking, and construct explanations (NRC, 2012). This covers four of the
eight science and engineering practices. In “Light and Colour,” a study that employed
both physical of virtual manipulatives for teaching the topic, Olympiou and Zacharia
(2012) found that the blended condition “enhanced students” understanding of concepts
that were introduced through the curriculum material of the study” (p. 38). They found
that the students understanding was enhanced more by the blended condition than it
would have been by singular physical and virtual conditions. We agree with their
suggestion that the RSII blending of materials is “more conducive to learning through

laboratory experimentation” (p. 42).

Conclusions and Limitations

The structure of lesson study fits well with the basic premise of good inquiry for

professional learning. According to this premise, good inquiry should be situated in the
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teacher’s context (Lave & Wenger, 1991), include reflection (Schoh, 1983), and involve a
proven model for inquiry instruction (White & Gunstone, 1992). In some ways, RSII is
similar to a home-study lab (Kennepohl, 2013), simulations (Price et al., 2019), and remote
labs (de Jong et al., 2014). However, these distinctive types of remote instruction lack the
unique blended asynchronous and synchronous forms of instruction found in RSII.
Further, this investigation demonstrates that students can successfully conduct an inquiry
when provided asynchronous resources and online synchronous support. This
investigation reinforces the importance of predictions in science instruction as an essential
part of finding misconceptions and addressing them as the students construct meaning

during the inquiry process (Colburn, 2000).

We recognize that qualitative inquiry is subjective. This study contains inferences
about student engagement, ownership, and learning that are not quantitative. We could
not review student labs. This limited our ability to find and more accurately describe

student misconceptions.
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