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Laboratory work is generally considered to be a fundamental pillar in undergraduate physics
instruction. We investigate the effectiveness of the laboratory experience in high-enrollment
Introductory Physics for the Life Sciences courses in delivering course content and concepts
to students. Using a varied laboratory curriculum, we correlate quiz marks, exam marks, and
student opinion data to determine whether specific concepts were reinforced by laboratory
activities, as well as what students believe labs should deliver. We additionally investigate the
effect of preparatory activity, in the form of prelab videos, on students’ perceptions of the
value of lab activities, and their time on task in completing the labs. We find that lab activities
do not correlate with content uptake or retention, and that students do not expect content
instruction to be the primary goal of their IPLS lab experience. Further, we find that lab
preparation does not necessarily result in less time on task, but does appear to correlate with
students finding labs more manageable, and gaining more insight from their lab activities.
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Chapter 1

Introduction
When called upon to picture a scientist, it is almost inevitable that members of the general
public imagine a laboratory as part of the picture, down to the setting (lab bench), dress (lab
coat, safety goggles) and perhaps even equipment (the beaker containing brightly coloured,
mysterious liquid, being held up to the light). Labs and science are tightly wedded in general
perception, and while the above picture may describe very few actual scientists performing
their work, the image persists. So, too, does the image of the science student – it’s hard to
picture a science class without some element of lab work.
In reality, of course, the “lab” for the physics researcher is just as likely to be a massive
particle accelerator, a computer running Monte Carlo simulations, medical equipment such
as an MRI or PET scanner, or a near-endless list of other environments and methods. While
these represent the leading edge of physics research, to expose students to them, particularly
in an introductory setting, would be prohibitively costly and complicated. It’s not a surprise,
then, that instructional laboratory activities in introductory undergraduate physics classes
tend to more closely resemble the common idea of a lab.
There has been a great deal of research current and past on how best to effectively deliver
the undergraduate physics lab. Some of the ideas and methods that have gained prominence
involve a rethinking of the structure and purpose (for example, inquiry or discovery-based
labs), or using technology to the advantage of the instructor and the student (“smart” devices
such as the Interactive Online Lab (IOLab) carts, or specialized programming tools such as
an Arduino device). Most newer innovations in laboratory activities rely on more closely
-1-

mimicking the presumed practical style of the physics “expert” – starting from a general
problem or area of research, formulating a way to investigate that problem, and using the
tools at hand to gather enough data to conclude something about the problem. This approach
is often referred to in the literature as authentic scientific practice.
The two studies that form this dissertation are not concerned with evaluating the
delivery style of lab exercise, nor are they situated in physics labs for physical science majors.
Rather, these studies are set in Introductory Physics for the Life Sciences (IPLS) courses, and
are intended to provide some insight into two general questions:
1. What is the primary role of the IPLS instructional physics lab? Do they primarily
teach concepts, reinforce concepts taught elsewhere, or should they have some
other goal prioritized?
2. What is the efficacy of instructional pre-lab videos in enhancing student
preparedness and learning outcomes in IPLS instructional lab exercises?
It is hoped that these studies will provide some framework on which to hang any other
innovative changes under consideration for IPLS labs. If the intent is to shift IPLS labs toward
a more inquiry-based format, what care needs to be taken (if any) to not disrupt conceptual
learning that the old labs may have provided? If IOLabs carts are to be introduced into the
labs, is there a good universal approach to ensure that students prepare themselves to take
best advantage of their time with the tools? By grounding our understanding of IPLS labs
with data and student feedback, changes can be implemented with evidence-based
confidence.
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Chapter 2

Background and Relevant Literature
2.1
2.1.1

General Pedagogy
Laboratory pedagogy.

It is taken for granted that some element of practical, hands-on learning is an essential
component of learning in scientific disciplines1 – this type of learning is often summed up as
laboratory or lab work. Laboratory exercises can take many forms and proceed in many
formats. The traditional lab exercise, as developed in the 1800s2, was at least in part intended
to prepare students to be “bench scientists” – in other words, to work in a career that would
have some element of hands-on, practical science experimentation or procedure1.
The field of physics education research (PER) has been characterized as having two main
target groups: the smaller number who are engaged in PER, and the larger number who wish
to (or could) use the results of PER to improve their teaching style and students’ learning3.
PER concepts such as active learning techniques, peer-to-peer instruction, and student
feedback systems are primarily targeted at lectures and are designed toward content and
concept teaching and reinforcement.
PER in a laboratory setting has focused on ideas such as inquiry-based learning. It has
been shown4,5,6 that increasing the amount of inquiry-based labs, as opposed to the more
traditional step-by-step guided “recipe” labs, improve students’ conceptual uptake and
engagement in the physics learning process. There are other PER concepts such as lab
instruction by Socratic methods7 which offer interesting ideas, but which are less frequent
in current research.
Buck, Bretz, and Towns in particular offer6 a simple and effective way of characterizing a
laboratory design – they characterize the level of inquiry on a scale from more to less
structured, and each lab is placed along that scale based on how many elements of the lab
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(from Problem/Question, through Theory and Design, up to Conclusions) are provided for
the students in the laboratory manual ahead of time.
If attention is to be paid to redesigning labs, it would be worthwhile to use a similar
system to be clear on the level of inquiry-based laboratory learning, both in the labs that are
being redesigned or removed, and the labs that are taking their place.

2.1.2

Laboratory instructional goals: skills, content, and concepts

Science education is often presented with an economic justification, and it is not
uncommon to see the need for STEM education tied to such grand ideas as “the future of our
economy” or similar8,9. While employability should be one factor for consideration, it can
have an over weighted effect on shaping curricula9. As the needs of employers (academic and
otherwise) have evolved over time, skill requirements have accordingly changed – surveys
suggest that employers now seek more generalized skills such as project management,
adaptability, communication skills, team working, and problem solving skills10,11. Disciplinespecific skills, while valued, are often secondary to these general skills, and bench
work/research skills are even less highly-ranked, if mentioned at all.12 13. First year lab work
can also be considered to have the goal of preparing students for more in-depth lab work in
subsequent years, including graduate work.
It is also assumed that an element of learning by doing, rather than from a text or a
lecture, would hold more interest for students and cause them to be inspired and motivated.
The motivational power of laboratory work can be short-term and relative14; it may not be
interesting and inspiring to a student in their overall academic and career path, it may simply
be more interesting in that moment than a lecture would have been. It is important to have
laboratory exercises that hold a student’s attention and interest, if for no other reason than
to motivate the student to complete the lab exercise in a timely and accurate way. It may,
however, be possible to overestimate the lasting inspirational and motivating effect14 15,16.
The intent, goals, and expected results of the laboratory component for the physics for
the life sciences curriculum may generally be summarized under a few broad categories.

i.

Course content – this is relatively self-explanatory, and represents the specific
knowledge that the course is intended to deliver. It could include ideas such as:
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a) The definition of torque as the measure of the rotation caused by a force acting
on an object.
b) The equation to calculate torque using the magnitude of a force, the distance
of that force from an object’s pivot point, and the angle at which the force is
applied.

Physics labs naturally deliver content on some level – it would hardly be expected
that a physics lab would be based around biology content, although the Physics for
the sciences do try to connect the physics ideas presented with their applications in
living systems. It is not typical that the designed intent of a laboratory would be to
deliver content, although it is equally true that traditionalists may be reluctant to
remove a content delivery motive for labs, despite the assurance that content is welldelivered from texts and lectures and reinforced with homework and self-tests.

ii.

Concepts – these are the larger ideas that underlie the individual content – the nature
of a force and the ways that torque can be applied in practical situations, rather than
the definition and equations for torque, for example.

iii.

Skills – these are specific proficiencies that a laboratory may either require a student
to have to be successful in its completion, or may be designed to deliver to the student
as a new skill. Skills in a lab setting may generally be grouped into categories:

a) Laboratory skills – these are hands-on skills associated with the operation of
a lab; using equipment, gathering data, safety, and similar skills fall into this
category. These skills are not necessarily discipline-based, although some do
show up primarily in specific disciplines (e.g. titration in a chemistry lab).
b) Problem-Solving and Analytical skills – these are practical skills associated
with analysis and evaluation. Math-based and data-evaluation skills fall into
this category, as well as skills with units and conversion, estimation and error
analysis, and graphing and other visual representations of data. Each
discipline typically has a set of analytical skills, with a fair amount of overlap
between disciplines.
-5-

c) Conceptual and Development skills – these are broad skills that are usually
relevant to all disciplines. Communication, writing and presentation skills are
found here, as well as collaboration and teamwork.
d) Creativity and critical thinking skills – these are higher-order skills developed
through inquiry, trial-and-error, and reflection. They are not discipline-based,
and may be specifically encouraged through purpose-designed methods such
as the ISLE system17,18.
2.1.3

Concept inventories.

Concept inventories are a well-accepted tool in evaluating students’ level of physics content
knowledge and skill in evaluating physics problems. Developed as a physics tool, concept
inventories were introduced in the 1980’s beginning with the Mechanics Diagnostic Test19
and followed by the Force Concept Inventory20. The structure is that of a series of questions
which explore “common sense” topics and ideas about a specific topic or concept, such as
Newtonian mechanics21. The usefulness of concept inventories is in highlighting the
differences between how a layperson thinks about the concept, and how an expert thinks
about it. The inventory is given in a sit-down test format, often before and after some
significant instructional event or process (such as a first year physics course). The students’
initial condition, and progress as a result of the instruction, are evaluated by scoring the
inventory. As commonly used inventories such as the Force Concept Inventory have been
applied to many thousands of students over the decades since they were developed, the
students under evaluation may also be compared to typical expectations for their level.
Concept inventories have also been expanded to other areas of physics, and to many other
areas of study22,23.
There is a physics laboratory-based concept inventory – the E-CLASS survey, developed
at the University of Colorado24. While these studies did not make use of E-CLASS as a tool,
some of the questions included in the surveys were patterned after the E-CLASS style of
questions, in the hopes that some insight could be gained as to students’ level of expert
thinking.

2.1.4

AAPT recommendations.

Having defined what skill goals students would be expected to work toward, it is next
relevant to ask how this set of skills lines up with what a typical physics department would
-6-

be expected to offer. The American Association of Physics Teachers (AAPT) has released a
set of recommendations, detailing what should be contained within an undergraduate
physics laboratory curriculum25. It should be noted that these are recommendations for
physics majors, and should not be considered prescriptive for all science majors taking
physics. With that in mind, these recommendations are reviewed in Section 3.2.1 and Table
3.2.
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Chapter 3

Setting: IPLS Courses at the University of Guelph
3.1

Introductory Physics for the Life Sciences courses at the University of

Guelph.
3.1.1

Course descriptions.

As part of a B.Sc. or B.A.Sc. degree in disciplines such as the sciences, the University of Guelph
requires that students take one full year credit in physics. There are a number of physics
course options available to students depending upon their choice of major – this proposal is
concerned with the first-year physics courses offered for non-Physical science majors
(sometimes referred to as “service” courses). In particular, the focus is on three courses:

PHYS*1300 – Fundamentals of Physics – this course is designed for students in science
majors who did not complete a credit in upper-year physics in high school (in the Ontario
system, Grade 11 and/or 12 physics). There is some debate as to the quality of science
education in students emerging from high school sciences26, as well as the student
capability entering bachelor’s degrees overall as universities accept higher and higher
enrollments27. While this is not in the scope of this project, it is important to consider the
skill levels of students entering first-year physics, and how the various teaching
environments (lectures, laboratories, tutorials, independent learning and evaluation) are
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built and directed. On the order of ~800 students are enrolled in PHYS*1300 in a given
fall semester, which is the only time it is currently offered.
PHYS*1300 has a required scheduled laboratory/tutorial period every week – so, any
enrolled student is assigned a 2h time slot, once per week, in which a Teaching Assistant
guides them in completing a lab exercise, teaches a tutorial on a given topic, and/or
assists with problems that the students cannot solve on their own. This course also uses
the Quiz Room for in-semester evaluation. The Quiz Room is a system that allows
students to complete course assessments (quizzes) at their own pace, allowing for
multiple attempts at quizzes in a mastery system28. Laboratory exercises are designed
for PHYS*1300 to be of identical complexity, requirements, and purpose/outcomes as
those for PHYS*1080 and *1070, below – in some cases, the same lab exercises are used.

PHYS*1080 and PHYS*1070 – Physics For The Life Sciences I and II – These courses are
designed to be the first-year Physics courses for life science majors, e.g. biology, ecology,
biomedical sciences, biochemistry, etc. The courses are designed to connect physics with
living systems – most independent study problems and evaluations are written
referencing a life-science-related example of the physics concept being taught.
PHYS*1080 is delivered in the fall semester (generally first-year life science students
who have Grade 12 physics or the equivalent) and in the winter semester (generally as
the second physics credit for students who have completed PHYS*1300). PHYS*1070
runs in the winter semester, as the second physics credit for life science students who
completed PHYS*1080 in the fall. Any given semester would see enrolment on the order
of 600 – 1000 students in either of these courses.
These two courses have laboratory components that are unscheduled – students
have a requirement to complete five labs over the course of the semester, and they sign
up for lab periods as they see fit. There are some deadlines throughout the semester
which they need to be aware of, meaning that some labs are only available for completion
up until a certain week of the semester. In the lab rooms, TAs are present to answer
questions and provide guidance. There are no assigned tutorial periods for students in
these courses; there are Help Room hours scheduled every week where students can
bring specific questions to an on-duty TA, as well as the other resources the course
provides (online tutorials, instructor office hours, etc.). These courses also use the Quiz
Room for in-semester evaluation.
-9-

There is one more course similar to these (i.e., run using the Quiz Room, using the same
lab structure and in some cases the same lab exercises, etc.) – PHYS*1130, Physics with
Applications. This is a course primarily directed towards engineering students. Enrollment
is on the order of 250 – 350 students. Any large-scale conceptual changes to how first-year
physics is taught would need to be certain to include consideration of PHYS*1130.

3.1.2

Teaching Assistants in IPLS courses at Guelph.

While it is not the intent of this project to change the entire scope, scale, and implementation
of the first year physics courses, it is worth underscoring that the success of a student’s
learning depends highly on the skill of the teacher29, and that recommendations to improve
physics education tend to include a component on TA skill30. Graduate Teaching Assistants
(GTAs) hold a prominent role as teachers in PHYS*1070, 1080, and 1300. The only
instruction that a student is likely to see in laboratories in these courses will come from a
GTA. GTAs are responsible for introducing, supporting, troubleshooting, and keeping to
schedule as many as 30-35 students working on 10-12 lab stations, with as many as 4
different labs simultaneously in progress during a single lab session. GTAs in the PHYS*1300
course similarly manage as many students at one time, but with all the students working on
the same lab. Between 1070 and 1080, typically there are 20-25 different GTAs who might
oversee one of the laboratory rooms during the course of the semester.
These are reasonable numbers if the GTA is primarily expected to act as an extension of
the laboratory manual – a way to move the student on to the next step, check to make sure
that answers are correct, and most importantly make sure that the students complete the lab
in the proscribed 1.5h, with a 0.5h buffer. If a lab session is not overly busy, a GTA has an
opportunity to act more as a guide/coach rather than as a knowledge resource – helping
students answer their own questions rather than giving them an answer.
If the intent of undergraduate physics labs is to increase students’ knowledge of concepts,
at a minimum, and ideally skills, then it is likely that some level of TA training would greatly
impact students’ learning outcomes15,31. As noted by M. Cooper in Journal of Chemical
Education15:

With total enrolments of up to 2000 students per semester, general chemistry
laboratories are usually taught by graduate teaching assistants. Careful attention is given
to the training and development of TAs since their role is quite different from that in a
- 10 -

traditional lab. They assume the role of advisor and coach rather than that of teacher
expert. The TAs attend a workshop on cooperative learning and then meet weekly to discuss
the progress of the labs. Commonly the TAs are uncomfortable with their roles at first;
however, with training they adjust as the semester progresses.

Almost all IPLS GTAs are first-time teachers32, and new teachers tend to teach in the way
in which they learned most effectively, and to consciously avoid teaching in a way which
caused them trouble33. The way that physics majors approach learning physics tends to be
very different to how non-majors approach learning physics; math aptitude, general comfort
with concepts and overall attitude toward physics are often different between majors and
non-majors34. TAs should be encouraged and helped to teach in the way that PHYS*1080,
*1070, and *1300 students will learn, not in the way that they themselves learned best.
Typical instruction for first-time TAs in all IPLS courses at Guelph includes paid TA hours to
review course material in order to ensure that they have mastered all topics, as well as one
meeting/session per course, typically 1-2 hours in length, where the practical details of the
job are reviewed (how to handle labs, how to mark quizzes, and similar topics).
The University of Guelph provides opportunities for GTA professional advancement35,
including an orientation conference at the beginning of each year, and workshops
throughout the year. These are general in nature and generally do not involve any specific
physics or laboratory content or pedagogy. Indeed, a teaching advantage in the classroom
can be had by attention to details as simple as TA attire36. The Office of Open Learning
provides support and materials toward building specific TA workshops; it would be
straightforward to assemble some basic TA training materials for first-year physics courses.

3.1.3

Practical considerations around labs.

Beyond a certain investment in materials and the assumed upfront cost of lab setups, far and
away the most significant ongoing operational cost associated with the laboratory
components of PHYS*1080, *1070, and *1300 is the TA time, as shown in Figure 3.1. Even
with the most conservative estimation of variable course costs, TA time accounts for 84% of
costs37. The first-year physics courses for non-physics students typically employ 20-25 TAs
per semester, and in a given week there are approximately 140 – 160 TA-hours spent in the
Quiz Room, 100 – 120 TA-hours spent in the Lab rooms, and 9 TA-hours spent in the Help
Room.
- 11 -

Element
Equipment
Teaching Assistants
Content Development
Administration

Typical cost per semester
$15,500
$205,000
$8,000
$9,000 - $15,000

Table 3.1 – Typical variable costs per semester for a large-enrolment IPLS course at the
University of Guelph. Values are from 201538.
Any proposal for change to first year physics labs, especially the most TA-intensive ones
(PHYS*1080, *1070, *1300) should take this into account, and should have as a basic
criterion not to increase the number of TA hours required to manage the redesigned course
requirements. On the other hand, these courses are the vehicle by which the Department of
physics lives up to its commitment to provide a TAship to all its physics graduate students.
All Graduate students in the Department of Physics are currently guaranteed a TAship, and
while many courses for physics majors require as few as one TA, part-time, the IPLS courses
can require 20-25 full time TAs. Any substantial reduction in the number of TAs required for
these courses would likely result in the department losing the ability to guarantee TAships,
unless alternate arrangements were made. Similar consideration should be given to other
resources (lab room space, lab costs, and similar).
It should be recognized that all of the introductory physics courses for biological sciences
students are designed and run as a common system, with elements such as a common Quiz
Room, common lab designs, complementary lab spaces, and common organization and
management. It would be difficult to change one of these courses without impacting the
others in some way; it is important that full consideration is given to any effects that changes
may have on the larger system.
It is also of critical importance that any changes made to any of the courses under
consideration as part of this research study be fair and ethical. No student should be placed
at either an advantage or a disadvantage as compared to any other student in the course, and
the entire study plan, once agreed-to by the Department, was subject to overall approval by
the University Research Ethics Board in September 2017.

3.1.4 The effect of enrolment.
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It is a truth universally acknowledged that in the recent past Canadian universities such
as Guelph have prioritized increasing student enrollment27. With Guelph’s focus on the
sciences, particularly the life sciences, this means in a practical sense that enrolment in
courses such as PHYS*1300, and PHYS*1080 and *1070 have increased dramatically since
the courses were originally designed, from on the order of 200-300 students to close to 1000
students. It is also commonly acknowledged that this has placed strain on the system – that
some fundamental redesign may be necessary in how the Department of Physics approaches
teaching physics to non-physics majors. Any changes in laboratory style, structure, or
purpose for any of these courses should be undertaken with the bigger picture and plan in
mind.

3.2
3.2.1

The Purpose of Labs in IPLS Courses
Role of physics labs in Interdepartmental Common First-Year Science

Each of the three major scientific disciplines that students are likely to be exposed to in a
first year undergraduate science program in Canada (physics, chemistry, biology) have, or
have had, a laboratory component. While it has been suggested that laboratory work in a
large-enrolment, common first year science course may not perform ideally in teaching or
reinforcing content39, laboratory work has a significant role to play in teaching and
reinforcing lab (and other) skills40.
Examining how to improve physics labs must be undertaken within a larger context. If
emphasis on content is adjusted, it may be assumed that a) there is high confidence that
course content will be delivered through lecture and self-study, and b) that changing how
content is delivered to non-physics majors in first year common physics will not have an
effect on their preparedness for upper-year courses in their disciplines. However, laboratory
skills are common and often independent of discipline (i.e. lab skills learned in a chemistry
lab are likely to have some relevance to working in a biology lab)41. In determining scope
and focus for first year physics labs, then, it is important that care is taken to either preserve
the skillset that physics labs uniquely deliver (if one can be clearly identified), or to confirm
that University of Guelph students are exposed to skill development in those areas in other
first year science courses. Appendix A contains the explicit and implicit skill and concept
aims for all laboratory/practical exercises for the common first-year science courses that a
B.Sc. student majoring in biology would be expected to take in first year.
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With that said, it is of interest to see what of the AAPT goals25 are met by the first year
laboratory experience at Guelph. The AAPT recommendations are presented as mapped onto
the skill and concept goals for all common first-year science courses at Guelph in Table 3.2.
As shown, between all three common scientific disciplines that are required for a science
degree at Guelph, there are assumed proficiencies with a number of mathematical, data
proficiency, and analytical skills. . In consideration of goals for physics labs, emphasis on
specific analytical skills (numeracy/data skills, unit analysis and conversion, and vector
analysis, to name a few) would support not only success within that physics course, but also
success in future courses across all scientific disciplines. Conversely, there appear to be skills
that have high emphasis in other departments, such as the written and oral scientific
communication skills emphasized in the biology courses42–44, or the safety and rigour in
laboratory technique emphasized in the chemistry department45,46. These skills are
sharpened in upper-level courses in all scientific disciplines, and do not need to be
reemphasized in a first-year physics lab environment. Specific goals associated with
laboratory work in all three science departments at Guelph are detailed in Appendix A.
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Table 3.2 – AAPT recommendations for Undergraduate Physics Laboratory Curriculum
(Introductory level) and alignment with lab and course goals for typical first-year science
courses at the University of Guelph (1 of 3).

- 15 Students should be able to conduct experiments, perform
analysis, and disseminate results in a professional and
ethical manner as responsible scientists.

General goal of labs

General goal of labs

Students should be able to construct arguments and
identify trends based on experimentally controlled
observations.
Students should be able to transfer knowledge between
different contexts, recognize connections between
different concepts, and reason by induction to produce
generalizations.

General goal of labs

PHYS*1300 PHYS*1080 PHYS*1070

Students should be able to describe experimental
observations clearly, accurately, and succinctly and
identify the most important physics concepts in an
experiment.

Students should be able to devise falsifiable models or
hypotheses to explain observable features of nature.

Students should be able to generate scientific questions
that they would like to explore, determine which
questions can be answered through the development of
appropriate experiments, and understand the limits of
experimentation. When questions are poorly designed or
not testable, students should be able to revise them.

Recommendation

Students should be able to choose the appropriate
conceptual framework for the physical situation being
"Modeling entails developing an abstract
modeled.
representation of a real system being
Conceptual
studied in the laboratory.... Students
Framework
Students should be able to switch between model
should be able develop models to
representations. Students should begin to apply multiple
represent physical systems, including
model representations to a given investigation.
their measurement devices; implement
models using computers as appropriate;
use models to predict the outcomes of
Students should understand the assumptions, limitations,
experiments; and interpret their
and simplifications inherent in their model and the
laboratory results in the context of
Assumptions and
uncertainties that might be introduced by these.
models they have developed. Students
Simplification
should also be able to recognize a
Students should be aware that instruments need to be
model’s limitations, including
calibrated for proper use.
considerations of uncertainties in
measurements and the limitations of
Students should be able to estimate, using appropriate
measurement devices."
Units and
units, both input parameters to and output values from a
Estimation
model of a system.

Modeling

"Through laboratory work, students should gain the
awareness that they are able to do science; that is, students
should be able to collect, analyze, and interpret real
measured data in an ethical manner as responsible
scientists and draw meaningful conclusions from personal
observations of the physical world. The laboratory
curriculum should get students to start thinking like
physicists by constructing knowledge that does not rely on
an outside authority, should explicitly make them aware
that they can construct knowledge in this way, and build
confidence in their ability to do so."

Constructing Knowledge

AAPT Recommendations By Type

CHEM*1040

Course
Goal

BIOL*1070

Course
Goal

BIOL*1080

Course
Goal

BIOL*1090

Table 3.2 (cont’d) – AAPT recommendations for Undergraduate Physics Laboratory
Curriculum (Introductory level) and alignment with lab and course goals for typical first-year
science courses at the University of Guelph (2 of 3).
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"Students should be exposed to a range
of standard laboratory measurements.
They should learn to make
measurements using standard
equipment and accurately record their
measurements and observations.
Students should understand the
limitations of their measuring devices
and how to choose the appropriate
equipment to use for particular
measurements. Students should be able
to use computers to acquire data and
should develop other practical
laboratory skills throughout the
undergraduate experience. Students
should gain experience in safely using
specialized tools, materials, and devices
when building and running
experiments."

Developing Technical and Practical

Practical skills

Measuring
devices and
apparatus

Students should see examples in the laboratory that
connect physics to real world applications, including
consumer devices, biomedical systems, and industrial
processes.

Students should be able to record and organize their
observations, data, and results in preparation for keeping
a laboratory notebook.

Students should be able to use now-common data
gathering tools like video to extract physical data.

Students should begin developing some practical, handson lab skills.

Students should make measurements, including
uncertainties, with various analog and digital devices.

Students should be able to understand the limitations and
associated uncertainties of measuring devices and choose
an appropriate device for making the measurement.

Students should be able to use measuring devices and
apparatus to make measurements consistent with the
content covered in class.

Students should work together in small groups to design
and construct an experiment.

Collaboration

Type of skill

Students should design a procedure to test a model or
hypothesis or make a measurement of something
unknown, accounting for the types, amount, range, and
accuracy of data needed to give reproducible and
accurate results.

Experimental
design

"Students should be able to pose
scientific questions, develop and
engineer experiments to answer
Students should have a hands---on opportunity to
questions they pose, and test models and
Apparatus
construct and/or set up an apparatus, and then make
hypotheses, considering certain
construction and
measurements and collect data using that apparatus to
constraints such as quality of data
testing
test a model or hypothesis.
desired, cost, time, available equipment,
and safety concerns. Also, students
Students should do basic troubleshooting.
should be able to troubleshoot systems
using a logical, problem---solving
approach. The hands---on experience of
Students should understand the limitations of their
constructing an experimental set---up or
Design
experimental design, including potential sources of error.
apparatus and of troubleshooting it is a
assessment and
very important part of a laboratory
improvement
Students should reflect on their results, consider how
experience. Students should emerge
their experimental design (apparatus, data collection
with demonstrable skills in executing
methods, etc.) might have impacted the results, and
technical projects from conception to
suggest ways to improve their design.
completion."

Designing Experiments

Biological conection is part of the
course philosophy and lab design.

General goal of labs

Lab 1 Goal 1

PHYS*1300

General
goal of
labs

General
skill
within
labs

General
goal of
labs

CHEM*1040
BIOL*1070

Table 3.2 (cont’d) – AAPT recommendations for Undergraduate Physics Laboratory Curriculum
(Introductory level) and alignment with lab and course goals for typical first-year science
courses at the University of Guelph (3 of 3).
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"Communication is a process that
involves creating and presenting results
and ideas to other... Laboratory courses
are excellent places to develop scientific
communication skills.... Students should
learn to present reasoned arguments
supported by experimental evidence.
Those arguments should include
elements such as plots, tables, numerical
results with uncertainties, and diagrams.
Further, the overall format and style of
presentation should use forms authentic
to the discipline such as technical
reports, journal-style articles, and
conference-style poster and oral
presentations. Interpersonal
communication skills should also be
developed in the lab... the laboratory is
an important place to foster or reinforce
teamwork and collaboration skills."

Communicating Physics

"Data analysis is a critical part of the
experimental process... Students should
be able to use statistical methods to
analyze data and ....choose appropriate
plotting methods...and should be able to
fit their data and extract physical
quantities from fit parameters. Students
should also be able to quantify
uncertainties in the data and propagate
these uncertainties... Students should be
able to compare their experimental
results to mathematical models...
Students should encounter an expanding
range of data analysis and evaluation
tools appropriate to their program of
study."

Analyzing and Visualizing Data

Collaboration

Interpretation
and Evaluation

Creation/
Presentation

Analytical skills

Lab 1 Goal 2

Students should be able to plot their data appropriately
and extract information from their plots.

Students should be able to effectively plan and carry out
experiments and discuss ideas in small groups as part of
the overall scientific process.

Students should be able use their lab notebook as a record
for explaining the details of their work in any written
summaries.

Students should be able to critique their own
presentations for both the quality of the scientific
arguments and the style.

Students should be able to interpret a number of standard
components of technical communication, including
vocabulary, numerical results with uncertainty, tables,
and plots.

Students should be able to identify the claims, theoretical
background, experimental evidence, and logical
connections that hold their own argument together.

Students should be able to communicate their results
ethically and effectively in oral and/or written forms that
can smoothly transition to more authentic forms of
scientific communication in advanced labs.

Students should make scientific arguments using a
number of standard elements of technical
communication.

Students should develop clearly stated scientific
arguments that proceed from a clearly stated question to
the presentation of evidence, the evaluation of that
evidence, and the data-driven / evidence-based
conclusions.

Students should know how to use and interpret methods
for data visualization in some well‐known situations.

Students should quantify the uncertainties of their results
in a reasonable way.

Lab 1 Goal 1

Students should use a computer to do basic data analysis.

PHYS*1300

Lab 12 Goal 1
Lab 13 Goal 1
Lab 17 Goal 2
Lab 6 Goals 1
and 2

General
goal of
labs

General
goal of
labs

CHEM*1040

Course
Goal

Course
Goal

BIOL*1070

Course
Goal

Course
Goal

Course
Goal

Informal discussions with first year course coordinators and instructors within the
chemistry and biology departments at Guelph revealed several common beliefs and
emphases47–51:



Exposure to all three major sciences is important for the awarding of a B.Sc. or B.A.Sc.
degree.



Practical work and exposure to research are important components in science training
at any level – the approach may vary, but students should experience what “hands-on”
feels like in all disciplines.



One of the most critical factors in the success of a laboratory or tutorial session is TA
training and preparedness. The ability of a TA to teach can make or break a student’s
opportunity to learn.



As a general observation, students are emerging from high school without many of the
basic skills it is assumed they should have upon entry to a science degree. These may
include laboratory experience, data analysis skills such as graphing and error analysis,
or even significant figure and unit conversion skills.



Any evolution in the form that practical course components take must take into account
student enrolment numbers. Courses and disciplines need to have the ability to teach
very large numbers of students if a common first-year science curriculum is desired.

3.2.2

Science Curricula and Course Disciplines at Other Institutions

Other universities appear to have a varied approach toward first year science. A common
first year science program, leading to progressively less exposure to non-major disciplines,
is not necessarily what most science students experience. Among the wide variety of majors
available within the sciences an honours biology major might be considered a typical major
that is high enrolment, offered at most institutions, and is less likely than many majors to
require any physics for graduation.
Table 3.3 is a summary of what an honours biology student would expect to experience
through their common first-year science courses, for several comparable research-based
and science-emphasizing universities.
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First Year course(s)

Traditional laboratory component
to noted First Year course(s)

Physics

PHYS*1080, and one of PHYS*1300 or PHYS*1070

Yes

Chemistry

CHEM*1040 and CHEM*1050

Yes

Biology

BIOL*1070, BIOL*1080 and BIOL*1090

Reduced; emphasis on "dry" scientific skills such as literature, group
work and communication

Physics

One of Physics 1A03 or Physics 1L03

In 1A03 only1

Chemistry

Chemistry 1A03 and Chemistry 1AA3

Yes

Biology

Biology 1A03 and Biology 1M03

In 1A03 only

Physics

Optional - PHYS 111 recommended if student wishes
to take Physics

Yes

Chemistry

Chem 120 and Chem 123 plus their associated lab
courses

Yes

Biology

Various - several required

Varied - some, but not all

Physics

Optional - Phys-117 recommended

Yes

Chemistry

Chem-112

Yes

Biology

Biol-102 plus various options

Yes

Physics

None required or recommended

No2

Chemistry

CHEM 101 and CHEM 161

Yes

Biology

BIOL 101 and BIOL 108

Yes

Physics

PHYS 101

Yes

Chemistry

CHEM 121 and CHEM 123

Yes

Biology

BIOL 111, 121, and 140

Yes

Institution Discipline

University
of Guelph

McMaster
University

University
of Waterloo

Queens
University

University
of Alberta

University
of British
Columbia

1

1A03 is a Mechanics and Waves course with a full laboratory component. 1L03 is a Physics for the Life Sciences course, with no laboratory component. Honours Biology
majors at McMaster are required to take one of the two courses by end of second year.
2
This is specific to an Honours Biology major. An Honours Biocehmistry major, for example, requires PHYS 124 and PHYS 126, both of which have a full laboratory
requirement.

Table 3.3 - Likely exposure of an honours biology major to laboratory components of the three
major scientific disciplines at selected science-oriented Canadian universities (2016-2017
academic year).
It varies between universities whether exposure to all primary science disciplines is
required or recommended for first year science students. The University of Guelph requires
that an honours biology major take two physics courses (these would be PHYS*1070 and
PHYS*1080, unless the student has not taken high school physics, in which case PHYS*1070
would be replaced by PHYS*1300). All of these students would be exposed to the full
spectrum of first year physics labs. Conversely, a physics major at Guelph would be required
to take two of the three first year biology courses, with their associated lab/tutorial
components.
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McMaster University requires an honours biology major to take one first year physics
course (out of two choices) by the end of their second year – one choice has a full laboratory
component, one does not. Waterloo and Queens do not require first year physics for honours
biology majors. They do recommend a course if the student has interest and wishes to take
physics as an elective, and the recommended courses have labs. By comparison, a first year
honours physics student at Waterloo may exclude biology or chemistry from their course of
study, but not both, and only honours physics students with a specialization at Queens are
required to take chemistry, with no biology requirement.
Within this set of science and research-based universities, there seems to be little interest
in a choice whether or not to include laboratory work in first year physics for non-physics
majors. The choice that is being offered is whether a given science major is required to take
courses in all three disciplines at all. If exposure to all three disciplines is a requirement (if
the university requires some version of a “common” first year) then the physics courses do
have laboratory components for all students, in general.
Physics courses and physics labs as prerequisites for professional school applications are
also relevant, though on the decline. Table 3.4 shows what physics prerequisites exist among
selected Medical and Veterinary schools in North America and the UK. Physics seems to
remain as a requirement for Medical schools in Quebec and the US, with some still
maintaining the requirement for a laboratory component.
3.2.3

The role of the introductory physics lab.

There remains an important role for practical, hands-on laboratory work for the university
physics student, including those for whom physics is a one- or two-course requirement in
pursuit of a larger degree elsewhere in the sciences. There also remain some professional
schools who require physics labs for entry, and still more who show a preference when there
is no outright requirement. Even considering that the proportion of students with science
degrees who will go on to professional schools is low, most institutions continue to include
physics as a requirement for a B.Sc. and to include practical labs as part of those courses.
This is not to say that the design of labs has not, or should not, evolve. There are new
tools being developed that may free bench work from being chained to a bench, and a
growing body of research that points to innovative frameworks in which to apply them. More
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Institution
Medical Schools
University of Toronto
University of Western Ontario
McMaster University
University of Ottawa
Queen's University
University of Calgary
University of Alberta
University of British Columbia
University of Manitoba
Memorial University of Newfoundland
Dalhousie University
Northern Ontario School of Medecine
Universite Laval
McGill University
University of Sherbrooke
University of Montreal
Johns Hopkins
Harvard
UCSF
Unversity of Pennsylvania
University of Washington
UCLA
University of Michigan
Stanford
University of Oxford
University of Cambridge
Imperial College London
University College London
University of Edinburgh
Veterinary Schools
University of PEI
Montreal
Guelph
University of Saskatchewan
Univeristy of Calgary
UC Davis

Is Physics required
as a prerequisite to
apply?
No
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No 3
No
No
No
No
No
No
No
No
Yes
No
Yes

Is the Physics prerequisite
required to have a Laboratory
component?

1

No
Yes
No
No
Yes
No2
Yes
No
No
Yes

4

1

University of Ottawa Medical School requires laboratory components for Biology and Chemistry prerequisites.
Harvard Medical School has historically required laboratory experience in prerequisite courses but has dropped that requirement.
3
Applicants to Stanford Medical School need to have knowledge of both Physics and Laboratory work, but there are no explicit
prerequisites.
4
University of Calgary Veterinary School requires laboratory components for Biology and Chemistry prerequisites.
2

Table 3.4 - Selected Professional school programs and their requirements for physics courses as
prerequisites for entry, as well as whether the prerequisite physics courses must have a
Laboratory component (2016 – 2017 academic year for North American institutions, 2018
academic year for UK institutions52).
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options should be opening up to physics departments, including distance education and
remote learning, that can remove some of the physical space and TA time requirements,
helping keep departmental costs balanced with growing enrolments. In ways such as these,
lab activities can remain viable for all students of introductory physics, wherever their
introduction comes.
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Chapter 4

Role of Laboratory Curriculum as Content Reinforcement in LargeEnrollment Introductory Physics for the Life Sciences Courses.
4.1

Introduction

This chapter details results of a study designed to understand whether performing a
laboratory exercise teaches students anything significant about the physics concepts
involved in that lab, or reinforces material that was previously taught in lecture. In one of
the large-enrollment (~900 students) “service” courses designed for non-Physical science
majors, students were divided into two treatments, each of whom completed a similar lab on
a different conceptual topic as their third lab of five in the course overall. Course evaluation
elements (quizzes and the final exam) were examined for opportunities to isolate the
concepts that were explored in the two lab treatments, and student success on these
evaluations was compared.
Data for this study were collected from the fall 2017 iteration of PHYS*1300,
Fundamentals of Physics, a course designed for students who had not taken Grade 12 physics
in high school. Data included multiple surveys which collected demographic and opinion
data, as well as quiz marks and final exam marks.

4.2

Background and Motivation
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4.2.1

Previous examinations of laboratory content reinforcement.

In their 2015 article39, Wieman and Holmes make use of the structure of a pair of
undergraduate physics courses at Stanford University. These courses are calculus-based and
designed for engineering majors. All students in each course (N = 571 in Physics 1, N = 530
in Physics 2) have the option of taking an associated lab course, the desirability of which
depends upon that student’s major, specialization, and goals. Of the entire enrollment in
Physics 1, a significant portion took the lab courses (n = 211 for the Physics 1 lab course, n =
129 for the Physics 2 lab). This structure was used to compare marks on the final exams for
these courses, using exam questions that had been identified as directly relating to concepts
addressed in the labs. The non-lab-related questions on the same exams were used to
normalize the results.

The hypothesis of the experiment was summarized as:

“…the lab course should improve a student’s understanding of content covered in the
lab, and this improvement should be reflected in a higher score on exam questions involving
those concepts. Hence, those students who took the lab should have a higher ratio than the
students who did not. If the lab had no added value, then the ratio for the students who took
the lab should be the same as the ratio for the students who did not take the lab.”39
Findings from this experiment contradicted the hypothesis. No measurable difference
was noted on exam scores between students who took the lab course, and those who did not.
The authors cited the results as raising concern that the educational impact of laboratory
work in introductory physics courses may not be as significant as has been assumed.
In a followup study53, Holmes et al expanded this investigation to include multiple
introductory physics courses at three institutions, with the courses primarily designed to
serve engineering majors in two of the institutions and health science majors in the third.
The courses were calculus- and algebra-based, and the common factor was that the lab
portion was optional, allowing again for a distinction to be made on course evaluation tools
(in this case, the final exam) between course concepts that were and were not reinforced
with laboratory activities. This study again concluded that:
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“…Nine different lab courses, designed to reinforce student understanding of physics
content from other areas of the course, have been shown to provide no measurable added
value to course performance. This was true across calculus- based and algebra-based
courses at three very diverse institutions.”53

4.2.2

Extension to IPLS service courses at the University of Guelph.

It was considered instructive to determine if this result can be observed in the service
physics courses at Guelph. Several factors in particular make the Wieman and Holmes, and
Holmes et al studies an interesting model for inquiry, while offering potential insights that
would complement without merely duplicating:



Student enrollment is somewhat higher in the service courses, depending on the specific
course. Enrollment ranges from ~800 - ~1000 students, dependent upon course and
semester offered.



High student enrollment is managed by a self-directed “mastery” approach which
includes a very open lab system. Students sign up to complete labs at their own pace and
at times of their own choosing, while meeting broader course deadlines. It is variable
whether students will be completing a particular lab exercise in a setting with multiple
other groups working on the same exercise. Note that this is true for most IPLS courses
at Guelph, and that PHYS*1300 uniquely has scheduled labs (please see 4.3.1).



There are neither physics majors nor engineers in the service physics courses (with, of
course, the exception of PHYS*1130). It is possible that there may be a different effect
with students for whom Physical science concepts do not form the basis for their major
field of study (there was a population of biological science majors in the Holmes et al
study, primarily in third and fourth year).



These IPLS courses are not traditional Mechanics or Electricity and Magnetism courses –
they are organized around life science topics and flow.



A study of this kind would complement an overall effort being developed to determine
the future path for the service physics courses, including considerations for lab redesign
(please see Section 2.2.3). Any data on effectiveness of these courses would be additive
to that effort; if a tool for evaluation could be put into place including concept inventory,
demographic, and attitudinal data it might form a basis for evaluating larger
departmental changes.
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4.3
4.3.1

Setting
Choice of course, and course structure.

PHYS*1300 is a course offering for undergraduate students beginning a B.Sc. program at the
University of Guelph without first having completed an upper-year high school physics
course (in the Ontario school system, PHYS*1300 would be for students who have not
completed Grade 12 physics). Student attendance requirements involve 12 weeks of
instruction – each week, students are expected to attend 150 min of large-class lectures, and
every other week students attend 110 minutes of smaller-class lab sessions (total enrollment
is on the order of 800 students each fall semester, enough that lab sessions need to alternate
weeks in order to accommodate all students).
Lab sessions are led by PHYS*1300 Teaching Assistants. In the labs, five weeks out of
twelve are dedicated to completing laboratory exercises. Using lecture and lab sessions,
learning in PHYS*1300 is expected to be self-directed, with students completing ten Study
Guides on ten distinct concepts in algebra-based physics. These Study Guides involve text
references for conceptual understanding, reference text problems for practice, and each
contain a number of Self-Test sections with a small number of problems on a specific concept.
It is presumed that if a student can complete all referenced text problems and Self-Tests, they
have sufficient mastery of that Study Guide.
PHYS*1300 offered a number of advantages as the course to be used for lab change
evaluations:



Labs are completed by all students on the same schedule and time frame (in the normal
offering of the course), and so the course as a whole is separable into two treatments with
respect to laboratory assignments. Half the lab sections could be kept as they are
currently (with the five labs that have been run in previous years), and half could be run
with a different lab.



There is no Teaching Assistant course overlap – TAs assigned to PHYS*1300 are exclusive
to that course, whether conducting tutorials or marking quizzes.
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There is also no Teaching Assistant student overlap – uniquely among the service physics
courses, students have one assigned TA for their entire laboratory time in the course, as
opposed to completing a lab with whichever TA is in a lab room that day.



The vast majority of students who complete PHYS*1300 in the fall semester go on to
enroll in PHYS*1080 in the winter semester. Student performance could easily be tracked
beyond the completion of PHYS*1300 if desired (as did indeed occur).

4.3.2

Choice of laboratory exercise and considerations for removal.

In order to evaluate the effect of laboratory exercises on conceptual learning, it was first
necessary to examine the intent and content of each of the five PHYS*1300 labs.
Consideration was to be given to several principles for laboratory exercises that were
removed or modified:



Were the concepts that lab delivered being met in some other way in the course? Were
the skills that lab delivered being maintained, or at the least being delivered through
some other laboratory exercise?



Were all non-conceptual goals of the lab being maintained, or confirmed as delivered
through another means?



Did the lab deliver some key skill concept that would hamper the students’ ability to
complete further laboratory exercises? If so, has all due care been taken to ensure that
those skill concepts are still delivered?



Several of the quizzes for the service courses make specific reference to lab exercises
that the student has completed. Had all due care been taken to ensure that the laboratory
exercise that has been removed did not compromise the students’ preparation to write
any of the course quizzes? Note that this principle does not refer to conceptual
preparation, but rather to specific activities referenced in quizzes that the student may
not have completed.



Had all due care been taken to ensure that the PHYS*1300 F’17 final exam did not refer
to any of the structure of the laboratory exercises that were removed?

With these principles in mind, the five existing laboratory exercises in PHYS*1300 were
considered (all labs, with consideration factors, are described in Appendix B). Lab 3,
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Conservation of Energy, was selected as having clearly defined final exam questions on
historical PHYS*1300 exams, as well as dedicated Quiz questions. It would be necessary to
include a Conservation of Energy as one of the redesigned labs, and it was determined that a
Conservation of Momentum lab could be designed that very closely matched the
Conservation of Energy redesign, and that conceptually referred to questions on the same
quizzes. Quiz Bank A was used for the F’17 semester for PHYS*1300 – there are no quiz
questions in that bank that make specific reference to any lab exercise, so no students would
be at a specific knowledge disadvantage if any particular lab equipment or specific setup was
not used.

4.3.3

Lab removal and student perception of disadvantage.

One of the foremost concerns in this study was that students were not exposed to any
disadvantage in terms of course material, and equally important, that they had no cause to
believe such a disadvantage existed. In that spirit, removal of any lab exercise to evaluate
content uptake of that topic should be replaced with an exercise equally relevant to the
course material. Care was taken that the replacement exercise does not provide the same
content exposure (i.e., if a lab concerning Conservation of Energy were removed, it would be
appropriate to replace it with a lab concerning Conservation of Momentum, but not one that
delves into potential and kinetic energy in any way). Each student in the course should
complete 5 lab exercises, and each exercise should clearly and irrefutably relate to the same
kind and amount of course (study guide and lecture) material.

4.3.4

Teaching Assistants and lab grading in PHYS*1300.

Teaching Assistants in PHYS*1300 share many similar duties with their counterparts in the
other service courses – primarily working in the Quiz Room, with some Help Room
obligations. The laboratory setup is however unique among the service courses in
PHYS*1300. It more closely reflects what might be thought of as a traditional lab setup – all
PHYS*1300 students are assigned a lab section that meets every other week (and so, six
times per semester). In five of those six sessions, the students in that section gather and all
complete the same lab at the same time (all lab exercises are listed in Appendix B). Labs are
not graded in a traditional sense – the TAs are responsible for reviewing each lab for
completion and accuracy before the end of the 2h lab period, and a student whose lab is
incomplete or inaccurate is not docked marks, but is sent back to complete the lab in the
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session. There is, however, a “completeness” mark assigned to each lab, as opposed to
PHYS*1070 or PHYS*1080, which have no marks assigned to labs, but instead use the
completed lab as a pass to complete the quiz that follows that lab.

4.4
4.4.1

Data Collection Methodology
Data Sets used in this study.

In describing the methodology of this study, “treatment” will refer to which of two possible
laboratory exercises a student completed for Lab 3 in the fall 2017 semester of PHYS*1300.
One was around Conservation of Energy concepts (“Energy”, “Energy Lab”) and one around
Conservation of Momentum concepts (“Momentum”, “Momentum Lab”). Approximately half
of the students who completed Lab 3 did the Energy lab and half did the Momentum lab, with
a small number completing neither and no students completing both.
Six complete databases were gathered in the course of this project:

1. Data from PHYS*1300 TAs on which treatment each student received. This database had
843 students and served as the basis to organize the rest of the data.
2. Students’ final exam marks. Only the 843 students for whom treatment could be
confirmed were included in this database. In particular, two questions on the final exam
that related to Energy concepts and two questions that related to Momentum concepts
were identified and used. The final exam was written about two months after the labs
were completed.
3. Students’ quiz marks. Quiz 3 covers the study guides that relate to Energy and
Momentum topics. Five out of the ten Quiz 3 versions were identified that had Energy or
Momentum questions. The validity of inclusion of quiz questions was then determined
based on:
a. When did the student write the quiz? Quiz 3 happened within a week or so of Lab
3, in general. For some students who had a later lab period, Quiz 3 was attempted
at least once before Lab 3 was completed. Only quiz marks from quizzes that were
written after the student had completed the lab (i.e., after they had been exposed
to all types of content delivery on Energy and Momentum concepts) were included.
b. Given that students also have multiple attempts at each quiz, only a given student’s
first attempt at an Energy or Momentum quiz was included. It is taken as likely that
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a student who fails a quiz attempt will direct additional homework/studying time
on the concepts they saw on that quiz, and that this additional study time on Energy
or Momentum concepts would likely overwhelm any effect on conceptual
reinforcement from having completed the lab.
The full database of students that completed a valid Energy or Momentum quiz question
was 592 students. Restricting it to valid “first attempts” brought it below 400 students.
It should also be noted that every valid Quiz 3 had an energy question, and only some of
them had a valid Momentum question.
4. A survey of students, completed in Week 1 of the course, that collected demographic data,
opinion data on labs and physics topics in general, as well as consent for data to be used.
731 students completed this survey and consented for their data to be used. The details
of the Week 1 Survey are shown in Appendix C.
5. A second survey, completed in Week 11 of the course, asking the same questions, as well
as some opinions on the effectiveness of the various portions of the course (labs,
homework, lectures). 673 students completed the second survey and consent. The
details of the Week 1 Survey are shown in Appendix D.
6. A third survey, completed in the final week of PHYS*1080 in the winter 2018 semester.
The overwhelming majority of students who complete PHYS*1300 in the fall semester go
on to complete PHYS*1080 in the following winter semester. 285 students participated
in the PHYS*1080 survey, and of these, 252 students completed the survey that had also
previously consented to have their data included in this study. The details of the End-ofSemester Survey for PHYS*1080 are shown in Appendix E.

4.4.2

Data set combination and analysis.

The primary measure for testing content knowledge was formed from consideration of the
tested portion of the course that related to either Energy or Momentum concepts. Each
student was offered 2 questions on the final on Energy topics, out of 25 total. The final exam
was weighted between 32% and 40% of the final course mark, depending on the students’
success at online homework – for the purposes of this study a weighting of 35% has been
assumed. So, Energy final exam questions represented approximately 3% of the tested
portion of the course. Similarly, each Quiz 3 was worth 10%, and each Energy question was
3 or 4 out of the 10 marks for that quiz. In total, Energy questions were worth 6-7% of the
tested portion of the course. The primary dependent Energy variable, called a total Energy
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score, is a measure of how well each student did on that 6-7% of the course, expressed as a
percentage rather than a mark out of 6 or 7. A similar total Momentum score was built up
using the same methods, and the total Momentum score also represented 6-7% of the
student’s final course mark.

Analysis I – All available data
Initial analysis was performed on the complete data set, combining all databases as
described above. This was chosen to include as large a population as possible. This data set
is referred to as the unpaired data set, and included data from up to 843 students.

Analysis II – Completely linked Data
A second analysis was completed using a smaller and more specific data set, one where
there was a valid data point for every variable in every database for every student. For a
student to be included in the completely linked data set, they must have:

a) completed Survey 1;
b) been identified by which Lab 3 treatment they received;
c) written a valid Energy or Momentum quiz after they completed Lab 3;
d) completed Survey 2;
e) written the final exam; and
f) completed Survey 3 at the end of PHYS*1080 in the winter semester.

The completely linked database contained 105 students.

There were no points at which the complete data set and the completely linked data set
showed results that would suggest different conclusions. Occasionally, the two data sets
showed similar correlations with slightly differing significance – where this happened,
results from both data sets are included. If only one data set is shown, it may be assumed
that it is the unpaired data set, and that the completely linked data set showed the same
results and significance. All statistical analyses are completed in Stata, using a standard
function library.

4.4.3

Laboratory redesign and the use of “Smart Carts”.
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Two new laboratory exercises were created for the purposes of this study, one designed
around Conservation of Energy concepts54, and one around Conservation of Momentum55.
These are included as Appendix F. The lab exercise that was previously in place (solely on
Conservation of Energy) was designed around a position sensor that monitored a “glider”
that floated frictionlessly on an air track. This made the lab setup somewhat complicated,
including having the flexibility of the lab limited to proximity to the air system. The
redesigned labs were designed to be very similar in form, and use the Smart Carts designed
by Pasco Scientific56, which were already in use for other labs and in other courses. Designing
new labs this way was intended to allow for further flexibility, including the use of other
smart cart designs such as the IOLabs tools.

4.4.4

Research questions and hypothesis.

The research questions intended to be investigated in this study were:

1. Do the labs in PHYS*1300, as they are currently delivered, provide any benefit for
student learning, as measured by knowledge retention, in terms of course content
(i.e., knowledge of physics concepts, ability to solve problems based around the core
ideas of the lab, that are not connected to the actual lab procedure).
2. What are the attitudes of PHYS*1300 students toward labs, as compared to other
portions of the course?
3. What do first year Introductory Physics for the Life Sciences (IPLS) students believe
labs should be for?

My hypothesis is that the results shown by Wieman and Holmes39, and by Holmes et al53
will be confirmed: that there will be no significant difference in course performance by
students who do or do not complete labs on specific concepts. Further, I believe that students
will generally believe that labs are less useful, or more of a chore, than other course
components, and that students will not give any one clear opinion on the purpose of labs.

4.5

Analysis and Results

4.5.1 Overall Energy and Momentum scores.
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The mean Energy and Momentum scores for students who did, and did not, complete the
Energy and Momentum labs were calculated and compared, and are shown in Table 4.1 and
Figure 4.1.
There was no statistically significant difference seen in students’ total Energy or
Momentum scores based on whether they had, or had not, completed the relevant lab. All
means for the total Energy and Momentum scores were in the 50 – 60% range, with nothing
consistently observable about whether students seemed to score higher in general on Energy
or Momentum questions.
Student exposure to a topic in a lab setting does not appear to increase or reinforce
knowledge retention on that topic, when overall course marks are considered.

Mean Total
5
Score

Normality of
6
distribution

Did not complete
1
Energy lab

54.0%

Likely

Completed
2
Energy lab

57.2%

Likely

Did not complete
3
Momentum lab

52.0%

Likely

Completed
4
Momentum lab

50.9%

Treatment

1

2

3

Comparison of
means by t-test

Conclusion

p = 0.221

No statistically significant difference in relevant course
testing on Energy topics between students who did, and
did not, complete the Conservation of Energy lab.

p = 0.735

No statistically significant difference in relevant course
testing on Momentum topics between students who did,
and did not, complete the Conservation of Momentum lab.

Likely

4

N = 176 N = 270 N = 175 N = 95
Mean Total Score represents the sum of quiz marks and final exam marks on the relevant topic (Conservation of Energy, or Conservation of Momentum) expressed as a
percentage.
6
Normality evaluated by Shapiro-Wilk and Shapiro-Francia tests.
5

Table 4.1 - Summary of total Energy score and total Momentum score by lab treatment.
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0.8
Standard Error of
Mean

95% Confidence
Interval

0.7

0.6

0.5

0.4
Energy Score
(Did not complete
Energy lab)

Energy Score
(Completed
Energy lab)

Momentum Score
(Did not complete
Momentum lab)

Momentum Score
(Completed
Momentum lab)

Figure 4.1 – Mean total Energy score and total Momentum score for all course elements with
error.
4.5.2

Quiz-specific Energy and Momentum scores.

The total Energy/Momentum score metrics may not show the entire story – they are a
combination of an evaluation within a week or two of having completed the relevant lab
exercise (quiz questions) and an evaluation close to two months after having completed the
relevant lab exercise (final exam questions). It is very possible that knowledge delivery and
retention from a lab exercise is somewhat transient. A student may have Conservation of
Energy knowledge delivered or reinforced in the short term, and then have that knowledge
further built upon (or replaced) by subsequent coursework and studying.
Accordingly, the above analysis was repeated considering only quiz marks – if there was
a shorter-term or more transient reinforcement effect, it would have been far more likely to
turn up in quiz mark data than combined data.
Again, there was no significant difference in mean quiz marks for students who had or
had not completed the relevant lab exercise in the preceding week or two, as shown in Table
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4.2 and Figure 4.2. Overall, Energy and Momentum topical quiz marks were somewhat
higher than the corresponding final exam marks, with quiz marks coming in the 60 – 75%
range. There was a consistent result that students who had completed the relevant lab
scored higher on the associated quiz questions, but none of those differences were found to
be statistically significant at 95% confidence.
Overall, then, there is no statistically significant correlation observable between students
having completed a lab in PHYS*1300, and their shorter-term retention of the concepts
presented in that lab, as measured by their performance on the quiz associated with that lab.

Mean Quiz
5
Score

Normality of
6
distribution

Did not complete
1
Energy lab

63.6%

Unlikely

Completed
2
Energy lab

65.5%

Unlikely

Did not complete
3
Momentum lab

67.4%

Unlikely

Treatment

Comparison of
means by t-test

p = 0.617

p = 0.229
Completed
4
Momentum lab
1

2

3

72.8%

Comparison of
means by WilcoxonMann-Whitney
ranksum test

Conclusion

p = 0.512

No statistically significant difference in relevant quiz
question performance on Energy topics between students
who did, and did not, complete the Conservation of
Energy lab.

p = 0.394

No statistically significant difference in relevant quiz
question performance on Momentum topics between
students who did, and did not, complete the Conservation
of Momentum lab.

Unlikely

4

N = 176 N = 270 N = 175 N = 95
Mean Quiz Score represents the sum of quiz marks only on the relevant topic (Conservation of Energy, or Conservation of Momentum) expressed as a percentage.
6
Normality evaluated by Shapiro-Wilk and Shapiro-Francia tests.
5

Table 4.2 - Summary of Energy and Momentum quiz scores by lab treatment.
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0.9
95% Confidence
Interval

Standard Error of
Mean

0.8

0.7

0.6

0.5
Energy Quiz Score
(Did not complete
Energy lab)

Energy Quiz Score
(Completed
Energy lab)

Momentum Quiz ScoreMomentum Quiz Score
(Did not complete
(Completed
Momentum lab)
Momentum lab)

Figure 4.2 – Mean Energy and Momentum quiz scores with error.
4.5.3

Student opinions on helpfulness of course elements in learning and understanding

course material
Students were asked directly (on the Week 11 survey) whether they agreed that various
course elements were useful in learning and understanding course material. Results are as
shown in Table 4.3.
Students agreed with marginal significance that homework and labs were useful, and
more strongly significantly that lectures were useful – the students see lectures as the most
helpful way to learn and understand course content. While there was mild agreement that
labs were another way to learn and understand course content, it is not clear from these
results whether this is what students believe labs are intended for.
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Normality of
Distribution 1

Mean
Response 2

Difference of mean response
from mean lab experiments
response 3

The homework assignments in PHYS*1300
are helpful in learning and understanding the
course material.

Unlikely

2.26

0.03

The laboratory experiments in PHYS*1300
are helpful in learning and understanding the
course material.

Unlikely

2.23

---

Students weakly agree that laboratory experiments are
helpful in learning cousre material.

The lectures in PHYS*1300 are helpful in
learning and understanding the course material.

Unlikely

1.65

-0.58 ***

Students agree strongly that lectures are useful in learning
course material, and this result is highly significantly
different from their agreement on either homework or
labs.

Question

1
2
3

‡

Conclusions
Students weakly agree that homework assignments are
helpful in learning course material. There is no statistical
difference between their agreement on homework
assignments and laboratory experiments.

Normality of distribution evaluated by Shapiro-Wilk test. n = 105 for Completely Linked data set, and n = 673 for Unpaired data set.
Possible responses 1 (Strongly Agree) 2 (Agree) 3 (Neither Agree Nor Disagree) 4 (Disagree) 5 (Strongly Disagree)
Significance of difference evaluated by both t-test and Wilcoxon signed-rank test, due to questions about normality.
‡ p > 0.05 * p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001

Table 4.3 – Student opinion on the relative importance of various course elements in learning
course material.
4.5.4

Comparative student agreement with various purposes for laboratory activities.

A final survey of the PHYS*1300 fall 2017 cohort was completed at the end of the winter
semester, and the students were directly surveyed on what they believed the role of
laboratory activities to be. These results are shown in Table 4.4.
Students are most likely to agree that labs have many roles, as shown by strong
agreement with that as a statement, and by their overall agreement with each individual role
of labs. This is a significant point – although individual responses did disagree with some of
the presented roles for labs, mean responses all showed agreement.
Of the individually defined roles, students are significantly most likely to agree that the
role of labs is a real-world demonstration of scientific topics. After that, they are statistically
equally likely to agree that the role of labs is concept reinforcement, teaching data analysis,
and teaching practical “bench” skills. Finally, they are least agreeable that the role of labs is
to learn how to summarize and communicate results, although on average they still do agree
with that as a purpose for lab activities.
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Normality of
1
Distribution

Mean
2
Response

Difference in
mean response
from idea
reinforcement
3
response

A place to reinforce ideas about scientific
topics – for example, what forces are, or
how voltage, current, and resistance are
related in a simple circuit.

Completely
linked

Unlikely

2.16

---

Unpaired

Unlikely

2.15

---

Showing a physical, practical demonstration
of ideas that have been learned elsewhere –
providing a “real world” connection to
scientific concepts.

Completely
linked

Unlikely

1.93

-0.23 **

Unpaired

Unlikely

1.98

-0.17 ***

Providing students with practice as
researchers – practical “bench” skills,
handling physical equipment and samples,
and recording observations.

Completely
linked

Unlikely

2.09

-0.07 ‡

Unpaired

Unlikely

2.13

-0.02

‡

Teaching data analysis – how to collect,
evaluate and understand data, such as by
graphing, performing error analysis, or
similar techniques.

Completely
linked

Unlikely

2.22

0.06 ‡
‡

The role of laboratories in introductory
university physics courses is:

Showing how to communicate results – how
data should be summarized and presented.

A combination of the above – labs need to be
many things.

1
2
3

Data set

Conclusions
This has been set as the expected response - that
students will believe labs, like lectures or
homework, are a place to learn or reinforce
concepts.

Unpaired

Unlikely

2.17

0.02

Completely
linked

Unlikely

2.49

0.33 ***

Unpaired

Unlikely

2.49

0.34 ***

Completely
linked

Unlikely

1.86

-0.3 ***

Unpaired

Unlikely

1.87

-0.28 ***

Students are significantly more likely to agree
that this is the role of laboratory activities in
university physics courses.

No statistical different in students' agreement
that this is the role of lab activities.

No statistical different in students' agreement
that this is the role of lab activities.

Students are significantly less likely to agree that
this is the role of laboratory activities in
university physics courses.

Students are significantly more likely to agree
that this is the role of laboratory activities in
university physics courses.

Normality of distribution evaluated by Shapiro-Wilk test. n = 105 for Completely Linked data set, and n = 246 for Unpaired data set.
Possible responses 1 (Strongly Agree) 2,3 (Agree) 4 (Neutral) 5,6 (Disagree) 7 (Strongly Disagree)
Significance of difference evaluated by both t-test and Wilcoxon signed-rank test, due to questions about normality.
‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001

Table 4.4 – Student agreement with various purposes for university laboratory activities.
4.5.5

Student opinion on the primary role of laboratory activities.

As part of the same survey set, students were asked to select from all options which is the
most important role of labs, with that question phrased as:

“For (the offered options), what do you consider to be the PRIMARY (most important)
role of laboratory activities in introductory university Physics courses? Please select one.”.

Student responses from both datasets are summarized in Figure 4.3. When either dataset is
considered, students clearly believe the purpose of labs is to be a physical, practical
demonstration of ideas that have been learned elsewhere. This was selected at about twice
the rate of either labs as content reinforcement, or labs as a combination of all roles. The
other possible roles were all selected as primary by less than 10% of respondents.
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Figure 4.3 – Summary of student responses to the primary role of labs in undergraduate
physics courses.
4.5.6

Student opinion shifts through participation in PHYS*1300.

Students were asked, on the two surveys directly administered in PHYS*1300, their opinions
on several general physics topics. Note agreement with the first four statements would
represent typical expert-type thinking, and agreement with the last four would not. Note also
that the mean response to all statements on both surveys was agreement – on average,
students did not disagree with any of these statements. This analysis is showing shift in
strength of agreement, and is summarized in Table 4.5 and Figure 4.4.

i.

“The primary purpose of doing a Physics experiment is to confirm
previously known results”

There was highly significant shift toward more agreement with this statement. Lab
exercises in PHYS*1300 are highly-scaffolded by design, and almost universally are
designed for students to work toward some final result that represents a known
quantity. While this change in opinion may represent a shift toward somewhat lessprofessional thinking about experimentation in physics, it certainly is appropriate
based on course design.
ii.

“When I solve a Physics problem, I locate an equation that uses the

variables given in the problem and plug in the values.”
There was a highly significant shift toward more agreement with this statement. This
may indicate many students’ well-known reliance on the formula sheet as a memory
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trigger or signpost toward the proper analysis technique – they often decide which
variables are presented in a particular question and refer to the list of provided
equations to see which one best matches what they are given. Again, while this change
in opinion may represent a shift toward less-professional thinking, it also is entirely
appropriate based on how course material is designed, presented, and evaluated.
iii.

“If I don't have clear directions for analyzing data, I am not sure how to

choose an appropriate analysis method.”
This statement had a mild-to-moderately significant shift in agreement, and the shift
was toward less agreement, and so more professional thinking. Of all the survey
statements, at the end of PHYS*1300 students agreed least with this one, perhaps
indicating increased confidence in problem-solving ability.
iv.

“Nearly everyone is capable of understanding Physics if they work at it.”

In a mildly significant shift, students agreed more strongly with this statement at the
end of the course – again, likely an increased level of confidence after course
completion.
v.

“I expect that doing an experiment will help my understanding of

Physics.”
Mildly significant increase in agreement with this statement – students become more
open to experimentation as a means to understanding.
Other work in this area4 has suggested that, if the desired effect is to shift student beliefs
and opinions toward more expert-like thinking, there may be advantages in lab redesign
toward inquiry labs.
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Dataset

Normality
of
1
distribution

Week 1
mean
2
response

Week 11
mean
2
response

Shift,
Week 1 3
Week 11

Completely linked

Unlikely

2.16

1.95

-0.21 *

Unpaired

Unlikely

2.20

2.11

-0.09 **

Completely linked

Likely

2.21

2.17

-0.04 ‡

Unpaired

Unlikely

2.30

2.32

0.02 ‡

Completely linked

Unlikely

1.88

1.90

0.02

Unpaired

Unlikely

1.96

2.07

0.11 *

Completely linked

Unlikely

1.61

1.65

0.04 ‡

Unpaired

Unlikely

1.79

1.86

0.07

When I solve a physics problem, I locate an
equation that uses the variables given in the
problem and plug in the values.

Completely linked

Unlikely

1.79

1.55

-0.24 **

Unpaired

Unlikely

1.97

1.78

-0.19 ***

The primary purpose of doing a physics
experiment is to confirm previously known
results.

Completely linked

Likely

2.71

2.37

-0.34 ***

Unpaired

Likely

2.74

2.56

-0.18 ***

If I don't have clear directions for analyzing data, I
am not sure how to choose an appropriate analysis
method.

Completely linked

Unlikely

2.21

2.47

0.26 *

Statement
Nearly everyone is capable of understanding
physics if they work at it.

Learning physics changes my ideas about how the
world works.

I expect that doing an experiment will help my
understanding of physics.

Physics becomes easier if you can see a real-world
demonstration of the concepts.

When I encounter difficulties in the lab, my first
step is to ask an expert, like the instructor.
1
2
3

Conclusions
Moderate agreement with this statement, mildly significant change through the
semester. Students appear to become more open to the idea that physics can be
understood.

Mild agreement, no significant change.

‡

Moderate agreement with this statement, mildly significant change through the
semester in the larger dataset. Students become less likely to believe that doing
an experiment will help their understanding of physics.

Moderate-strong agreement, no significant change
‡

Unpaired

Unlikely

2.48

2.61

0.13 **

Completely linked

Unlikely

2.08

2.03

-0.05 ‡

Unpaired

Unlikely

2.20

2.13

-0.07 ‡

Highly significant change in opinions through the semester, toward agreeing
more strongly - the "formula sheet" effect?

Highly significant change in opinions through the semester - an effect of very
scaffolded labs that have a clear goal in mind at all times?
Mild agreement, mild to moderately significant change through the semester.
Students appear to become somwhat more confident in their abilities to analyze
data without clear instruction.

Mild agreement, no significant change.

Normality of distribution evaluated by Shapiro-Wilk test. n = 104 for completely linked dataset, n = 604 for unpaired dataset.
Possible responses 1 (Strongly Agree) 2 (Agree) 3 (Neutral) 4 (Disagree) 5 (Strongly Disagree)
Significance of difference evaluated by paired t-test and Wilcoxon signed-rank test due to uncertainly about normality of distirbution.
‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001

Table 4.5 – Summary of shifts in student responses to survey opinion questions from beginning
to end of semester.

When I encounter difficulties in the lab, my first step
is to ask an expert, like the instructor.
If I don't have clear directions for analyzing data, I am not
sure how to choose an appropriate analysis method.
The primary purpose of doing a physics experiment is to
confirm previously known results.
When I solve a physics problem, I locate an equation that
uses the variables given and plug in the values.
Physics becomes easier if you can see a realworld demonstration of the concepts.
I expect that doing an experiment will help my
understanding of physics.
Learning physics changes my ideas about how
the world works.

Week
Week11
Week1112
Week

Nearly everyone is capable of understanding
physics if they work at it.

Significant
shift

Stronger
Agreement

Neutral

Figure 4.4 – Shifts in student responses to survey opinion questions on various course
elements from beginning to end of semester.
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Stronger
Disagreement

4.5.7

Effect of student high school physics experience and gender.

Students were asked on the start of semester survey whether they had taken physics in high
school, and if they had, what category their marks had fallen into, as shown in Figure 2.5.
Note that it is assumed that no students in PHYS*1300 had taken Grade 12 physics, as
students who have are not eligible to take PHYS*1300.

Figure 4.5 – Presentation of questions regarding student high school grades from end-ofsemester survey in PHYS*1300.
Significant study variables (Energy and Momentum scores, Energy and Momentum quiz
marks) were regressed using ordinary least squares regression against high school physics
marks, gender, age, and school-related variables such as major field of study and semester of
study. None of these regressions showed any significant differencei. Factors such as previous
physics experience or gender of the student do not appear to influence whether that student
gains any conceptual knowledge benefit or reinforcement from laboratory activities.

4.6
4.6.1

Discussion and Conclusions
Summary of Study Results.

Laboratory activity does not appear to provide any significant direct reinforcement to
knowledge retention on the topic and concepts of the lab, either in the short term (as
measured by scores on quizzes written not long after the lab) or longer term (as measured
i

In the regression analysis of relevant study metrics, no significance was found in regression. However, overall final
exam grades were also regressed and showed some significant effects. While this study was not designed to
explore potential causes or implications, these results are included in Appendix I for completeness.
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by an aggregate score on all tested course material on the topic of the lab). This is in line with
previously published work in this area and suggests that results demonstrated in courses for
physics and engineering majors, and later-year life science students, extends to IPLS courses.
Factors such as gender, age, and other demographics did not appear to affect lab-specific
content marks, either short-term quiz marks or overall aggregate course marks.
Students do not regard laboratory activities as the most useful course element when it
comes to learning and understanding course material. They regard lectures as significantly
more important for learning, and while they do regard labs (statistically equivalent to
homework activities) as somewhat helpful, it is a weaker agreement than the response to
lectures.
This brings up a potentially significant point – this study has shown that labs do not
significantly reinforce content in a course situation where the lectures have reliably met
student expectations. If we envision a course where the lab content was not presented in
lecture, it would be highly unrealistic to expect there to be no significant content delivery or
reinforcement in the labs. The validity of this study, then, rests on the premise that labs are
only freed from the obligation of a content role when the lectures are well-designed and welldelivered. A superior instructor is very likely to nullify any content gains from labs; an
inferior instructor might require the content reinforcement of labs to ensure that students
have learned.
Students believe that labs play many roles in the teaching process, and they do not have
an expectation that content learning or reinforcement is what a lab is for. When a list of
individual roles is considered, students agree most strongly that the role of labs is to present
a real-world demonstration of physics concepts. It is important to note that this does
represent a kind of indirect content reinforcement – reinforcing the concepts learned with a
visual, interactive experience rather than with an instructor’s delivery or with numerical
problem-solving exercises, both of which are likely to be part of most laboratory experiences.
The role of direct content reinforcement is statistically agreed with the same as the role of
labs as places to learn bench skills, and places to learn data analysis skills. When asked what
the primary role of labs should be, students chose presentation of real-world demonstrations
significantly more often than direct content reinforcement, with bench skills, data analysis,
and communication of ideas being significantly lower still.
With regard to the specific PHYS*1300 lab experience, students strongly agree that
physics becomes easier if they can see a real-world demonstration of the concepts, and that
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agreement remained consistent through the course. Conversely, students were significantly
more likely to agree that the purpose of a lab is to confirm already known results, from
beginning to end of PHYS*1300, which may be a function of the highly-scaffolded or “recipe”
design of the labs in PHYS*1300.

4.6.2

Suggestions for policy direction.

The results of this study should be considered as potentially freeing lab design for IPLS
courses from a constraint of knowledge reinforcement – while increased exposure to a given
concept can only be considered a good thing, it is not necessary to design labs as vehicles for
content delivery. If not reinforcing content, future labs can be designed to introduce or
develop skills such as modelling, experimental design, and other skills and competencies
particularly those recommended by the AAPT (Table 3.1)25.This is very much in line with
commonly-accepted ideas such as the value of inquiry-type labs – that the process and the
lab experience provide significant educational benefit, regardless of the topical content of
the lab. It may also be desirable to structure IPLS labs around concepts not introduced, or
not focused upon, in lectures, such as data analysis or unit analysis.
It is also possible to envision lab design that ties both professional recommendations,
such as those for the AAPT’s Undergraduate Physics Laboratory Curriculum25 (please see
Table 3.1), with student expectations for labs. Students are as open (Table 4.5) to the
purpose of labs as teaching practical “bench” skills and science communication as they are
to labs being venues for learning concepts. These align well with the main goals of
“Developing Technical and Practical Laboratory Skills” and “Communicating Physics” from
the AAPT – one could easily envision a Newton’s Third Law lab in PHYS*1300, for example,
that includes autonomous smart devices such as the IOLabs carts. A short element of lab
design, simple data collection by that design, graphing using the included software, and
communication of results in a novel way would touch on many of the introductory AAPT
goals and could be accomplished in the current lab timeframe for PHYS*1300.
There will be many opportunities and incentives for lab redesign in IPLS courses,
including likely pressure to remove labs entirely. It would be a mistake to consider that a lab
that doesn’t teach a concept is an ineffective lab – as shown, while students believe they’ll be
taught in other media (lectures and homework, for example) they consider the real-world
demonstration associated with labs to be valuable. Students also expect that they will receive
experience in data analysis, and as bench researchers – an expectation shared by other
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departments’ laboratory coordinators47–49. There remains an important role for laboratory
exercises and physics departments should be creative in exploring it.
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Chapter 5

Impact of Preparatory Videos on Student Laboratory Experience in a
Large-Enrollment Introductory Physics for the Life Sciences Course.
5.1

Introduction

This chapter concerns itself with a study involving the introduction of pre-lab videos
designed to prepare students to complete laboratory activities in PHYS*1080. A series of
videos were scripted and created in the summer of 2016 for each of the four practical
laboratory exercises that students of PHYS*1080 are required to complete. The videos
introduced the motivation behind the labs, walked the student through the steps needed for
completing all data collection in the lab exercise, and showed the basic steps that would be
needed to analyze the data in order to complete the lab.
Data for this study were collected over four consecutive semesters of PHYS*1080: fall
2016, winter 2017, fall 2017, and winter 2018. The videos were launched for the winter 2017
semester, and so the fall 2016 semester was collected as a control. Student data collected for
the study included the introduction of timing devices designed for students to record how
long they spent on the data collection portion of each lab, as well as opinion surveys built
into the students’ lab manuals.

5.2
5.2.1

Background and Motivation
Student views on laboratory preparedness.
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A survey was taken during the fall 2015 semester asking students enrolled in PHYS*1080,
Physics for the Life Sciences, to answer questions regarding the lab component and
preparation in the course57,58. About 500 students participated in the survey, and about 75
students gave written feedback. One clear result of this survey was that students do not
perceive that understanding equations or physics were necessary to completion of the labs,
as shown in Figure 5.1. It is important that the students see value in these labs but, especially
when grades are involved, students may be less motivated when performance is not
evaluated, as is the case for labs in PHYS*108059.

Number of Respondents

250
200
150
100
50
0
strongly
disagree

disagree

neutral

agree

strongly
agree

Figure 5.1 – Student responses to the statement "I can complete a lab without understanding
the equations and the physics" (58, 492 respondents).
There are many ways to describe what practical skills are learned in the experimental
sciences1 and instructors have tried to cater learning to strengthen those skills. Preparation
is one such skill that has shown to be a precursor to meaningful learning60. The survey of
students at the University of Guelph indicated that between 10-20% of each class did not
prepare at all for the lab and about 35-50% spent under 20 minutes, as shown in Figure 5.2.
As a result, it is believed that students may take longer to complete the labs than is necessary,
and that they may struggle more with the material.
It was suggested that the preparatory (“prelab” or “prep-lab”) videos be introduced as an
intuitive method to reduce information overload and improve student experiences with the
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Under 20
minutes,
42%
No time,
12%
60+ minutes, 3%
40-60
minutes,
10%

20-40
minutes,
33%

Figure 5.2 - Student responses to the question "How many minutes did you spend preparing for
physics labs" in minutes. (58, 489 respondents)
current labs. Preparation has been shown to improve student performance in laboratory
exercises, and when in combination with post-lab work it can lead to meaningful learning60.
This may be considered part of a larger goal of physics education: to move students from
“novice” to “expert” thinking61. When an expert attempts a lab experiment, they spend a
great deal of time learning about the physical mechanism they wish to investigate, and then
more time learning how to measure the phenomena. The time spent doing the actual
experiment is disproportionately small compared to the time spent preparing.

The

impression is thus falsely created that the process was intuitive.
Knowing this, it does not seem acceptable or favourable to have a student walk into a
physics lab having required zero preparation. Typically, the task of lab preparation has been
left to the students’ personal initiative. When considering the amount of resources the labs
for PHYS*1080 required it was believed to be worthwhile to consider reducing this personal
initiative and replacing it with additional scaffolding62,63, if it would also reduce pressure on
the lab room and the students completing the labs.

5.2.2

The flipped classroom.

Videos are one common element involved in “flipping” a learning environment. This involves
taking instruction typically included in a classroom or laboratory setting and using novel
resources, often online, to deliver that instruction prior to the student’s class or lab time64,65.
The premise behind flipped instruction is generally that students who have had individual
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exposure to the content and concepts prior to exposure in a group learning environment
(classroom, lecture hall, lab, and so on) will be better prepared to learn.

5.2.3

Videos as a delivery mechanism.

The low cost of creating videos that describe the lab goals, motivation, method, and
principles of analysis, and the fact that they could be delivered and marked online
automatically, made this form of preparation an attractive area of interest.
Prelab videos also provide a platform for engagement, a tool which could be used in the
future to increase enjoyment, perceived value, and supplement learning objectives. Prelab
videos are used by other institutions in a variety of forms, and specifically the University of
Glasgow has been a valuable source for science- and physics-specific60,66 education and preplab research1,60,67,68. Research from other universities have mainly demonstrated physics lab
improvement for small enrollment classes. This study was motivated by the desire to
investigate that usefulness for large enrollment classes as well.

5.2.4

Research Question and Hypothesis

The research question under investigation in this study was:

1. Will the introduction of dedicated preparatory materials result in improvements in
the student laboratory experience?
The hypothesis of this study was that a novel presentation (in this case, videos) of the
preparatory work for introductory physics laboratory exercises should increase students’
readiness to complete the lab work in a large-enrollment, introductory Physics for the Life
Sciences course. It is difficult to measure a student’s preparation directly; it was intended
that such measures as student opinions on the manageability of the labs, and the time it took
to complete the data collection for the labs, would reflect that increased preparedness. It was
also intended that measuring all factors for each lab individually would highlight any lab-lab
differences.

5.3
5.3.1

Setting
Course structure.
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There are several introductory-level physics courses at the University of Guelph which are
designed for non-physics or Physical science majors. These are commonly referred to as
“service” courses. IPLS Students commonly follow one of two sequences to complete two of
these courses:

1. If they have completed an advanced physics credit in high school, they will commonly
take PHYS*1080 (Physics for the Life Sciences) in the fall semester, and PHYS*1070
(Introductory Physics for the Life Sciences) in the winter semester of their first year.
2. If they have not completed an advanced physics credit in high school, they will
commonly take PHYS*1300 (Fundamentals of Physics) in the fall semester, followed
by PHYS*1080 in the winter semester.

It should be noted that this variation introduces an implicit difference in a fall PHYS*1080
class as compared to a winter class. A fall class most recently completed Grade 12 physics or
the equivalent, at some time in the year preceding PHYS*1080. The course structure and
expectations are likely to have been very different and so in this case all aspects of
PHYS*1080 (a University lecture approach, completely self-directed learning, the Quiz Room
and Lab Room systems, and so on) will be unfamiliar. Conversely, students enrolled in
PHYS*1080 in the winter semester have very likely just completed PHYS*1300, which
incorporates all those things. It could very well be expected that a given winter class would
be better prepared to perform more strongly in any given aspect of PHYS*1080.
All three courses share a similar design, involving self-directed and self-paced learning,
five quizzes to be taken throughout the semester when the student is ready (with some
deadlines), no midterm, and a great deal of teaching assistant (TA) interaction in quiz room,
help room, and lab room environments. All three also are designed for all examples,
coursework, self-tests, and quiz/exam questions to reflect and refer to life science situations
wherever possible. The coursework is all algebra-based.
PHYS*1080 and PHYS*1070 also share an identical structure for laboratory exercises
(which PHYS*1300 does not). Each course has several (four for PHYS*1080, five for
PHYS*1070) traditional labs that are completed when the student is ready, although there
are deadlines through the semester for specific labs. A description of all practical lab
exercises to be completed for PHYS*1080 may be found in Appendix G. Laboratory exercises
for these courses are not marked or assigned grades. Instead, they serve as one “gateway”
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that a student must complete before attempting one of the course quizzes. The system is
designed to flow as follows:

i.

A student signs up through an online portal for a specific lab, day, and time (for
example, Laboratory 10 (Forces and Torques) on Monday September 10th in the
11:30 – 1:30 time slot). There are no barriers to how many labs a student may sign
up for in a given day or week – they may complete them at the pace they wish.

ii.

The student reviews the lab prior to their lab period, in their own time and as much
as they feel necessary, sufficient to be confident that they can complete the lab in the
appropriate time.

iii.

The student completes the lab during their time slot. When they believe that the
entire lab is complete, they fill out a signoff sheet. This sheet includes:
a. Personal identifying information
b. A survey asking them some questions about the lab
c. A signoff/seal section

iv.

The student brings the completed sheet to the lab TA on duty, and the TA reviews
their work. If the TA is satisfied, they sign off and seal the sheet.

v.

The signed-off sheet is brought by the student when they wish to write a specific quiz
(for example, the first quiz for PHYS*1080 is Quiz 6 i, which requires Lab 10 to be
completed and signed off).

In this sense, while there are no marks or grades assigned for completion of laboratory
exercises, completion of the labs is mandatory to write the course quizzes and so to earn
grades for coursework.

5.3.2

Laboratory setup and purpose.

The laboratory room for PHYS*1080 is set up with twelve lab stations, that change week-byweek according to which labs are expected to be in the highest demand. This is fueled by the
course deadlines – as the semester progresses, certain quizzes must be completed by certain
weeks, and so the labs required to write those quizzes must also be completed. By way of
example, Quiz 6 has the first deadline, and it must be written by the end of the fourth week

i

Quiz 6 is the first quiz for PHYS*1080; Quizzes 1 – 5 are taken in PHYS*1070.
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of class. Lab 10 must thus be completed at some point during the first four weeks of the
semester, in order to be signed off to write Quiz 6. As a result, there is high demand to
complete Lab 10 during those four weeks, and eight of the twelve lab stations are dedicated
to Lab 10 for those first four weeks. After the fourth week, all Lab 10 stations are converted
to other labs, which rise in demand according to other deadlines.
PHYS*1080 labs are designed to demonstrate fundamental concepts in physics in a way
that shows their connection to the life sciences, reflecting the nature of the course. The
laboratory manual for each lab explicitly details each step that the students must undertake
to prepare for and complete the lab, with fill-in-the-blank sections for all key data collection
and analyses. The specific content and objectives for each PHYS*1080 lab69,70 are detailed in
Appendix G. It should be noted that there is a fifth PHYS*1080 lab exercise – this is a
computer simulation that is not physically set up in the lab room, does not require signup to
complete, and is not included within the scope of this study.

5.3.3

Lab capacity and time to complete labs.

All sessions for all laboratory exercises are designed to take 90 minutes to run the
experiment and gather all data, with an additional 30-minute grace period to complete
analysis and get signoff. These lab designs and time expectations have remained largely
static over many years. During that time period, student enrollment in the service courses
has increased dramatically, many times over from original design, commensurate with
typical enrollment increases in science programs at Canadian universities27. This has placed
strain on the ability of the system to accommodate all students in a timely manner that allows
them to complete labs, coursework, and quizzes according to course expectations.
Several types of accommodation could be (and have been) considered to allow for
increasing numbers of students to complete the labs in a timely fashion. Adding more lab
sessions carries a significant cost in that more TAs are required, as well as a more moderate
material cost for supplies and additional wear-and tear. The laboratory rooms for the service
courses are at capacity and no more lab stations could be added without complete redesign,
and there are no other rooms available for these labs to expand into. It would also be possible
to cut the Gordian knot of lab capacity simply by removing some or all of the labs from the
course requirement. While this might be a simple solution, it is not at all clear what effect
this would have on students’ learning outcomes from the course and from their physics
experience in general, and should not be considered without a great deal of thought and
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investigation. Without the ability to increase capacity or decrease requirements, then, it is
necessary to investigate other means of supporting students in lab completion time.

5.3.4

Teaching Assistants in PHYS*1080.

PHYS*1080 is one of the most highly-staffed courses by teaching assistants (TAs). Due to the
nature of the Quiz Room-Lab Room design for large-enrollment courses in the Physics
Department, the PHYS*1080 lab room may be staffed by any of approximately 8-10 TAs in
the fall semester, and any of approximately 25-30 TAs in the winter semester. There are two
TAs on duty in the two rooms which may contain the PHYS*1080 labs. If a student requests
help with a lab, they may be helped by either of the two TAs.
While any PHYS*1080 could be assigned to the lab room for any given shift, it is true that
some TAs become “lab specialists” and it is preferable to assign them to lab shifts, rather than
Quiz Room or Help Room (there are similarly TAs who spend more time in those other roles).
Some graduate students are TAs for PHYS*1080 for only one semester, while others are TAs
in this course for many years. The result of this is a wide variety of experience and TA style
involved in working with PHYS*1080 labs – over the course of the four semesters of this
study, at least 45 individual TAs were on duty for the included lab times.

5.4

Methodology and Data Sets

5.4.1 The prelab videos, and number of views.
Preparatory video sets were developed for each of the four practical laboratory exercises for
PHYS*1080. Each of the prelab video sets corresponded with one of the labs, and each had
the following common structure:


An introductory video, showing aspects of the ideas that the lab is designed to highlight,
as well as tying the physical concept investigated within the lab to an example from the
life sciences.



One or two methodology videos, which walked the student through the data collection
phase of the experiment, including details on how to use all significant data collection
tools and instruments.
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A problem video, which started the student off in their data analysis by going over the
major equations, variables, and graphs they will encounter, as well as going through a
worked example.
All videos combined for each lab had a running time of less than 10 minutes. Videos were

posted on the Courselink site for PHYS*1080, and the course laboratory manual was
rewritten to refer to the prelab videos as an important part of the students’ preparatory work
for each lab.
Statistics on the number of views of each video by semester and by student were
available from Courselink. This data set included an entry for each time a student watched
any video, as well as the amount of time a student spent on the page for that video. The data
set was trimmed to remove repeat views by a student of the same video (it was only
considered whether the student had, or had not, viewed the video). The data set was further
trimmed to remove video views that were shorter than the entire length of the video (with a
five-second grace window). The reported number of students who viewed a given video was
thus only student who had seen the given video in its entirety.
When the prelab videos were introduced in the winter 2017 semester, they were
mentioned in-lecture and generally not otherwise promoted. In the fall 2017 semester, a
larger video study was also launched that included prelecture videos, based around a
lightboard with an attached bonus mark incentive of up to 3% for the semester. While there
were no marks specifically for the prelab videos, the use of preparatory videos overall was
promoted more heavily in the fall 2017 and winter 2018 semesters than in the winter 2017
semester.

5.4.2

Lab timing.

Timing devices were developed by the undergraduate lab team in the Department of
Physics71 which placed a small switch at each lab station. The devices were designed to be
switched on when a student group began their data collection for the lab at that station, and
were equipped with a light to indicate that timing data were being gathered. When data
collection was complete for that group, the switch was intended to be turned off and the time
recorded added to a database. When students remembered to turn the devices on and off,
the collection devices functioned very well as designed.
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Some data cleanup was necessary to ensure that timing data represented accurate
portrayals of time on task. There were a significant number of recorded times that were far
too long to be an accurate representation of data collection time – lab periods are restricted
to 90 minutes, including data analysis and writeup time. As a first pass, times were thus only
kept if they were shorter than 90 minutes and longer than 5 minutes (as it would certainly
be impossible to complete the data collection for any lab in 5 minutes.).
The data between 5 and 90 minutes were then reviewed for some portion that seemed
to be a normal distribution, and in all cases an approximately normal-looking data
distribution was identified. These sections were used for the analysis for mean time to
complete each lab. The details behind all data cleanup are shown in Appendix H.
It is worth noting that whether the data included was the normal portion as described,
or all data between 5 and 90 minutes, or other arbitrary cutoffs, all relative times were the
same when comparing lab-lab and semester to semester (i.e. the time to complete the Forces
and Torques lab was longer in Semester 2 and 3 than in 1 no matter what cutoff was used,
for example).
It should also be noted that there were two timing data sets for two of the labs, and only
one for the other two. Two of the labs had two stations each (Forces and Torques had the
force table and the scale stations, and Elasticity had the Young’s modulus and shear modulus
stations). In the case of a lab with two stations, the individual station data sets were analyzed
as above, and the means of the trimmed data sets for the two stations connected with one
lab were added together (i.e. a mean time for the Forces and Torques lab represents a mean
time for the Forces and Torques main station and a mean time for the Forces and Torques
scale station added together).

5.4.3

Lab surveys.

The TA signoff sheet for each lab contained a short survey, which was voluntary for the
students to complete if they so chose. The questions on the survey were:

1. “Although there was a significant amount of material needed to successfully complete the
lab (equipment, procedure, physics concepts/equations). Overall, I found the
requirements for this lab to be manageable.”
2. "I gained useful insight on the physics topic presented in this lab".
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3. “I carefully reviewed the prep-lab videos” (winter 2017, fall 2017 and winter 2018
semesters only 2)

Each question had a 5-level Likert scale for responses, ranging from “Strongly Disagree”
to “Strongly Agree”. There was also a blank space for student comments on the lab. If a
student completed the survey questions, they typically did so as they were finishing the lab
and preparing their sheet for the TA to seal and sign. Numbers varied from lab to lab, and in
general a majority of students completed the survey questions, with far fewer filling out a
comment. Survey results from all semesters were compiled into a database.
All data analysis for this study was completed with student results kept anonymous – no
individual student response or result was tracked across all data. While this would have
perhaps allowed for other data sets to be included (course marks, quiz marks, and perhaps
other surveys) there was no way of including timing data in linked datasets. The timers are
anonymous, recording only time at a station without identifying which student(s) were part
of the group at that station.

5.5
5.5.1

Results and Analysis
Enrollment

As is typical for a large-enrollment introductory undergraduate course, there were
significant differences between student enrollment in PHYS*1080 at the beginning of the
semester and enrollment numbers at the end of the semester. As students made the decision
to drop the course at various times and with varying levels of coursework completed, it is
not possible to correlate data such as video views or surveys returned with an exact total
population size. Total course enrollment for the purposes of this study were taken to be as
shown in Table 5.1, corresponding to the number of students at the end of the semester. It
should be noted that these numbers will only factor into data such as fractional uptake of
videos (Section 5.5.2). For timing data and survey responses, numbers directly from those
data collections are used.

In the fall 2016 semester, the third question on the survey was “I finished reviewing the lab material for this
lab _______. (Choose the first to apply)”, and then offered the student several lead time choices. As this question
was changed in winter 2017 to refer to the prelab videos, when they were launched, these preparation lead
time data were not included in this study.
2
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Semester
Fall 2016
Winter 2017
Fall 2017
Winter 2018

Enrollment
820
843
771
693

Table 5.1 – PHYS*1080 total enrollment values for classes included in the data analyses in this
study.
5.5.2

Video views

The prelab videos were viewed more often in the fall 2017 and winter 2018 semesters than
in the winter 2017 semester, as would be expected from the heavier overall promotion of
videos as preparatory tools for the course. The one exception was the prelab video views for
the Forces and Torques lab in the fall 2017 semester – views dropped dramatically for this
video set as compared to either the winter 2017 or the winter 2018 views. This is very
possibly an erroneous result, although if accurate it could be due to this lab being the first
one the students encounter in the fall semester, when the vast majority of them have just
begun their first semester. It is possible that unfamiliarity with all systems would lead to
relatively fewer of the students making it through the videos before the lab, which many of
them completed in the second or third week of classes. With one semester under their belts,
this would not have been a factor in either winter semester.
With that said, prelab video views did not approach in any case a point at which the entire
class viewed the videos. Most view counts were between 40 and 60% of the class, again with
the reference enrollment being the number of students at the end of the semester. There was
also a common trend of video views dropping as students made their way through the 4- or
3-video sets. While the total time commitment per lab to make it from start to finish of the
videos was less than 10 minutes in all cases, fewer students watched the Problem Analysis
videos than the Introduction videos. Video uptake data for all labs and semesters is shown
in Figures 5.3 to 5.6.
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Uptake of prelab videos for Forces and Torques lab
All videos, all semesters
100%
Introduction

Method 1

Method 2

Analysis

90%
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50%
40%
30%
20%
10%
0%
Fall 2016
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Figure 5.3 – Video views summary for Forces and Torques Lab, all modules and semesters.

Uptake of prelab videos for Elasticity lab
All videos, all semesters
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Figure 5.4 – Video views summary for Elasticity Lab, all modules and semesters.
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Uptake of prelab videos for Density lab
All videos, all semesters
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Figure 5.5 – Video views summary for Density Lab, all modules and semesters.

Uptake of prelab videos for Viscosity lab
All videos, all semesters
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Figure 5.6 – Video views summary for Viscosity Lab, all modules and semesters.
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Any next steps in this study should prioritize improving the video uptake – it is a
reasonable general statement that only about half of the students watched the videos. Short
of offering a bonus mark incentive, it is difficult to say what might encourage or incent
students to watch the videos more than the possibility of going into the lab with greater
understanding and likelihood of learning.

5.5.3

Time to complete labs, and effect of Teaching Assistant on time.

There was no consistent change in the time to complete any of the labs, as shown in Table
5.2, regardless of which portion of the timing data sets were used (please see 5.4.2 and
Appendix H for a more detailed explanation of the timing data sets). The Forces and Torques
lab, by way of example, had the shortest average time to complete in the fall 2016 semester,
before the prelab videos were even launched, much less promoted. Conversely, the Viscosity
lab showed the trend that would have been expected, with higher video uptake in the fall
2017 and winter 2018 semesters also showing shorter times to complete labs. All timing
data are shown in Figures 5.7 to 5.10, along with the survey responses regarding

Lab
Forces and Torques
Main Station

Forces and Torques
Scale Station

Elasticity
Main Station

Elasticity
Catgut Station

Density
Main Station

Viscosity
Main Station

Semester

Mean Time
(min)

Mean Time Variation from
1
Baseline
(min)

n

Fall 2016

25.68

--

272

Winter 2017

27.94

2.26 **

224

Fall 2017

29.13

3.45 ***

260

Winter 2018

26.12

Fall 2016

14.48

0.44
--

Winter 2017

16.25

1.77 **

Fall 2017

14.89

0.41

‡

Winter 2018

15.15

‡

Fall 2016

26.82

0.67
--

Winter 2017

26.16

(0.66)

‡

90

Fall 2017

26.63

(0.19)

‡

162

Winter 2018

30.11

Fall 2016

16.46

3.29
--

Winter 2017

15.93

(0.53) ‡

Fall 2017

15.85

(0.61)

‡

Winter 2018

16.91

Fall 2016

24.66

0.45
--

Winter 2017

27.62

2.96 *

112

Fall 2017

26.16

1.50

‡

126

Winter 2018

27.25

‡

Fall 2016

77.82

2.59
--

Winter 2017

79.58

Fall 2017

71.72

1.76 ‡
(6.10) **

Winter 2018

75.78

(2.04)

‡

227
124
112
92
161

‡

101
165

‡

92
155
67
129

82
178

‡

‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
1
Baseline time set as Fall 2016 semester, when videos were not in place.

Table 5.2 Mean timing data with variation from baseline for all labs and semesters.
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143

203
158
180

insight and manageability of the labs. It appears that most labs had at least one semester in
which the mean time did not significantly vary from the fall 2016 semester, when the videos
were not in place. The Elasticity lab did not appear to have any significant difference in any
semester from baseline. When a significant difference was seen from the baseline semester,
the mean time difference was as likely to be longer as it was to be shorter.
Elasticity lab - Timing and survey data

Forces and Torques lab - Timing and survey data

40
4

Time (min)

35
30
25

3

20
15
2
10
5
0

1
Fall 2016

Winter 2017

Mean time to complete lab

Fall 2017

40
4
35
30
25

15
2
10
5
0

35

Time (min)

manageability

insight

30
25

3

20
15
2
10
5
0

1
Winter 2018

80

5

75
70
4
65

Time (min)

4

manageability

Winter 2018

60
55

3

50
45
2
40
35
30

1
Fall 2016

insight

Winter 2017

Mean time to complete lab

Fall 2017
manageability

Figures 5.7 to 5.10 – Charts by lab, showing semester to semester variation in mean time,
survey responses on manageability of labs, and insight gained from labs.
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Winter 2018
insight

Survey response (1 = Strongly agree, 5 = Strongly disagree)

40

Survey response (1 = Strongly agree, 5 = Strongly disagree)

45

Mean time to complete lab

Fall 2017

Viscosity lab - Timing and survey data
5

Fall 2017

Winter 2017

Mean time to complete lab

insight

Density lab - Timing and survey data

Winter 2017

1
Fall 2016

50

Fall 2016

3

20

Winter 2018

manageability

5

45

Time (min)

45

50

Survey response (1 = Strongly agree, 5 = Strongly disagree)

5

Survey response (1 = Strongly agree, 5 = Strongly disagree)

50

There are many factors over and above the prelab videos which are likely to affect how
long the students took to complete a given lab. Most of these factors – demographics,
previous experience and success in other physics courses, student aptitude in other areas of
PHYS*1080 – were not recorded or investigated as part of this study. With that said, and
while a prelab video may give a student a good grounding to work on the lab, if a student
encounters difficulty while in the lab, they are most likely to reach out to the resources
closest to hand – the TA in the lab at that time.
In all, there were 45 TAs who completed at least one Lab Room shift over the four
semesters included in this study. Of these, it was possible to identify 7 TAs who a) completed
a shift in the fall 2016 semester, before the prelab videos were put into place, and b)
completed a shift in at least two of the three semesters after the videos were in place. Table
5.3 shows the results of OLS regression by lab and semester on the mean time to complete
all lab stations, for all TAs collectively, and then for the seven individuals who had valid
before-and-after video data.
There was no consistently identifiable effect of individual TA on the time to complete
labs. While some TAs appeared to have longer and shorter times on a specific lab, this was
not consistent across all labs for any TA.
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TA

All

1

3

4

5

8

11

12

Lab

Delta in mean time to complete lab station (min)
Fall 2016 2 Winter 2017
Fall 2017
Winter 2018

p1

n

‡

977
472

Forces and Torques main

0.000 ***

--

2.33 **

3.45 ***

0.55

Forces and Torques scales

0.012 *

--

1.77 **

0.41 ‡

0.67 ‡

Elasticity main

0.108 ‡

510

Elasticity catgut

0.750 ‡

478

Density

0.161

Viscosity
Forces and Torques main

0.000 ***
0.503 ‡

Forces and Torques scales

0.519 ‡

98

Elasticity main

0.140 ‡

87

Elasticity catgut

0.923 ‡

78

Density

0.131 ‡

Viscosity
Forces and Torques main

0.057
0.600 ‡

Forces and Torques scales

0.506

Elasticity main

‡

440
--

2.28

‡

(6.10) **

(1.69)

‡

710
231

78

‡

110
24

‡

22

0.053 ‡

19

Elasticity catgut

0.864

‡

13

Density

0.769 ‡

21

Viscosity

0.180 ‡

Forces and Torques main

0.001 **

Forces and Torques scales

0.087

‡

87

Elasticity main

0.176

‡

112

Elasticity catgut

0.793 ‡

119

‡

105

33
--

2.78 ‡

4.62 **

(2.31) ‡

256

Density

0.219

Viscosity

0.242 ‡

Forces and Torques main

0.000 ***

--

No data

6.24 ***

8.01 ***

144

Forces and Torques scales

0.000 ***

--

No data

5.05 ***

8.87 ***

58

Elasticity main

0.000 ***

--

(9.26) ‡

(18.76) ***

(3.70) ‡

69

Elasticity catgut

0.041 *

--

1.33 ‡

(5.37) **

1.11 ‡

76

Density

0.707

‡

--

Viscosity

0.031 *

--

18.72 *

14.40 ‡

33.96 **

25

No data

1.15‡

(5.17) ‡

82

200

40

Forces and Torques main

0.036 *

--

Forces and Torques scales

0.095 ‡

--

Elasticity main

0.011 **

--

No data

(16.00) *

(3.02) ‡

25

Elasticity catgut

0.012 *

--

No data

0.310 ‡

11.88 *

23

Density

0.553

‡

--

Viscosity
Forces and Torques main

0.034 *
0.242 ‡

--

No data

(31.94) *

(8.52) ‡

Forces and Torques scales

0.698 ‡

31

Elasticity main

0.428

‡

49

Elasticity catgut

0.748 ‡

43

Density

0.963 ‡

33

Viscosity
Forces and Torques main

0.070
0.333 ‡

Forces and Torques scales

0.682

37

19
16
51

‡

73
103

‡

62

Elasticity main

0.764 ‡

39

Elasticity catgut

0.582 ‡

36

‡

56
54

Density
Viscosity

0.064
0.649 ‡

‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
1
Noted p-value is for the OLS regression for that TA on that lab station, across all semesters.
Delta and significance by semester is only shown if overall regression for that TA showed significance.
2
Mean time in Fall 2016, prior to introduction of prelab videos, was set as the baseline and all other times, positive and (negative),
are shown as deltas to that baseline.

Table 5.3 – OLS regression by Teaching Assistant and lab exercise across all semesters of study.
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5.5.4

Manageability and insight gained from labs.

As with timing data, all survey responses from the fall 2016 semester, before the prelab
videos were made available, were considered a baseline data set and subsequent semesters
were compared to that baseline. Student feedback on the manageability of labs is
summarized in Table 5.4. Overall, students found the Density lab to be the most manageable,
and the Elasticity lab to be the least manageable. This appears counterintuitive when the
time to complete each lab is reviewed (Table 5.2), where (for example) it appears that the
Viscosity lab takes far longer than the Elasticity lab. The timing devices are capturing only
the time to complete the data collection portion – in this case, the data collection for the
Viscosity lab involves a larger amount of waiting time, and students have the opportunity to
complete much of the analysis for the lab while the data are being collected. Conversely, the
Elasticity lab has a large amount of analysis to complete which can only be done after all data
collection has been completed. The times shown for the Viscosity lab are much closer to the
total time that a student might spend in the lab room, and the times shown for the Elasticity
lab do not capture the large amount of time that students often spend after data collection is
complete.
There is a pattern of variation visible when different semesters are compared: Students
in the fall semesters almost uniformly found the labs to be less manageable than students in
the winter semesters (this is also visible in the charts showing survey responses, Figures 5.7
to 5.10). Removing the semester-semester variation and comparing only fall semesters,
there is a uniform and highly significant improvement (shifting the mean response toward
“Strongly Agree”) with the addition of the prelab videos.
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Lab

Forces and Torques

Elasticity

Density

Viscosity

Semester

Mean response to survey

1

Mean survey response variation
2
from baseline

n

Fall 2016

2.18

--

439

Winter 2017
Fall 2017

2.35
2.01

0.17 ***
(0.17) ***

707
747

Winter 2018

2.37

0.19 ***

655

Fall 2016

2.6

--

727

Winter 2017

2.78

0.18 ***

553

Fall 2017

2.37

(0.23) ***

617

Winter 2018

2.78

0.18 ***

494

Fall 2016
Winter 2017

1.91
1.91

-0.00 ‡

736
533

Fall 2017

1.73

(0.18) ***

621

Winter 2018

2.04

0.13 **

484

Fall 2016

1.99

720

Winter 2017

2.03

-0.04 ‡

Fall 2017

1.77

(0.22) ***

604

Winter 2018

2.15

0.16 ***

448

526

‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
1
Survey response options: 1 Strongly Agree 2 Agree 3 Neutral 4 Disagree 5 Strongly Disagree.
2
Baseline survey responses set as Fall 2016 semester, when videos were not in place.

Table 5.4 – Summary of responses to the survey question “Although there was a significant
amount of material needed to successfully complete the lab (equipment, procedure, physics
concepts/equations), overall I found the requirements for this lab to be manageable” for all
labs and semesters.
Similar trends are noted for the survey question relating to insight gained from the labs,
as shown in Table 5.5. Again, students in the fall semesters were more likely to respond that
they had gained insight from the lab than students in winter semesters.
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Lab

Semester

Forces and Torques

Elasticity

Density

Viscosity

Mean response to survey

1

Mean survey response variation
2
from baseline

n

Fall 2016

2.16

--

437

Winter 2017

2.30

0.14 **

705

Fall 2017

1.98

(0.18) ***

747

Winter 2018

2.49

0.33 ***

654

Fall 2016

2.31

--

729

Winter 2017

2.43

0.12 *

555

Fall 2017

2.14

(0.17) **

617

Winter 2018

2.61

0.30 ***

494

Fall 2016

2.19

--

738
‡

Winter 2017

2.26
2.04

0.07
(0.15) **

534

Fall 2017
Winter 2018

2.37

0.18 ***

484

Fall 2016

2.11

--

722
‡

621

Winter 2017

2.18
1.86

0.07
(0.25) ***

526

Fall 2017
Winter 2018

2.24

0.13 **

448

601

‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
1
Survey response options: 1 Strongly Agree 2 Agree 3 Neutral 4 Disagree 5 Strongly Disagree.
2
Baseline survey responses set as Fall 2016 semester, when videos were not in place.

Table 5.5 – Summary of responses to the survey question “I gained useful insight on the
physics topic presented in this lab” for all labs and semesters.
Considering only the shift from fall semester to fall semester, there was a reasonably uniform
and highly significant shift toward more insight gained across all labs.
Comparing the two fall semesters’ data should account for much of the variation between
the two types of cohort. A direct regression was completed between a) responses to the
manageability and insight questions, and b) responses to the third survey question in the
winter 2017, fall 2017 and winter 2018 semesters, involving how carefully the students had
watched the prelab videos. First, comparing agreement with that question with actual video
view data, shown in Table 5.6, it may be noted that the actual number of views as recorded
on Courselink is in all cases either within the range suggested by the survey responses, or
lower than that range. This may be due to a tendency to self-report a more virtuous response
(“I watched the videos”) than actually happened, or it may be that for the purposes of this
survey students considered the videos “watched” if they were clicked on and let play for a
few seconds. In any case, it is unlikely that the actual video views data overestimate the
number of students who watched the full videos.
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Semester
Fall 2016

61%

55%

72%

Winter 2017

Elasticity
Density

48%
47%

41%
39%

55%
53%

Viscosity

44%

40%

54%

32% 4
51%

84%
64%

94%
76%

Winter 2018

2
3
4

Video Uptake
High estimate from lab
surveys 3

Lab
Forces and Torques
Elasticity
Density
Viscosity
Forces and Torques

Fall 2017

1

Video Uptake
Video Uptake
Low estimate from lab surveys
2
(Views data from Courselink) 1
Videos not yet launched

Forces and Torques
Elasticity
Density

58%

64%

76%

Viscosity
Forces and Torques

56%
62%

60%
72%

74%
87%

Elasticity

59%

53%

66%

Density
Viscosity

54%
49%

49%
44%

65%
59%

Different videos from the same laboratory set had different numbers of views. The highest-viewed video from each lab was chosen here.
The sum of students who responded "Strongly Agree" or "Agree" to the survey statement "I carefully reviewed the prep-lab videos".
The sum of students who responded "Strongly Agree", "Agree", or "Neutral" to the survey statement "I carefully reviewed the prep-lab videos".
This result is anomalously low. It has been verified that this is the count from Courselink.

Table 5.6 – Video views summary comparing Courselink data and lab survey responses, all
labs and semesters.

Lab

1

Forces and Torques

Elasticity

Survey response to "I carefully reviewed Predicted survey response
the prep-lab videos"
on lab manageability 2,3,4

Viscosity

n

Strongly Agree

2.11 ***

699

Agree

2.21 ***

909

Neutral

2.49

327

Disagree

2.48 ‡

117

Strongly Disagree
Strongly Agree

2.31
2.44 ***

526

Agree

2.58 ***

670

Neutral

2.81

305

‡

‡

Disagree

Density

2

Adjusted r for
regression model

0.0290

51

2.83
3.63 ***

105

Strongly Disagree
Strongly Agree

1.47 ***

498

Agree

1.93 ***

660

0.0418

56

Neutral

2.31

327

Disagree

1.95 ***

94

Strongly Disagree
Strongly Agree

2.14 ‡
1.51 ***

489

0.1552

57

Agree

1.96 ***

609

Neutral

2.50

329

Disagree

2.28 **

93

Strongly Disagree

2.45 ‡

53

‡

0.2190

p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
1
All semesters combined.
2
Survey statement: "Although there was a significant amount of material needed to successfully complete the lab (equipment, procedure, physics concepts/equations),
overall I found the requirements for this lab to be manageable.".
3
For all surveys, 1 Strongly Agree 2 Agree 3 Neutral 4 Disagree 5 Neutral.
4
Indicated significance is in the response difference from "Neutral".

Table 5.7 – Effect of viewing prelab videos on reported manageability of labs.
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Responses to the survey statement on manageability were analyzed using OLS regression
against video views, with the results shown in Table 35.7. For all videos, there is a highly
significant effect shown for the students who agreed that they watched the prelab videos –
they reported the labs as being more manageable.
Responses to the survey statement on insight gained from labs showed similar results, as
shown in Table 5.8. In all cases, an average response where the student agreed they had
carefully reviewed the prelab videos also showed a highly significant shift toward more
agreement that the student had gained insight from the labs.

Lab

1

Forces and Torques

Elasticity

Density

Viscosity

‡
1
2
3
4

Survey response to
"I carefully reviewed the prep-lab
videos"

Predicted survey response on insight
gained from labs 2,3,4

n

Strongly Agree

2.07 ***

699

2

Agree

2.26 ***

908

Neutral

2.50

327

Disagree
Strongly Disagree

117
51

Strongly Agree

2.36
2.49 ‡
2.06 ***

Agree

2.34 ***

670

Neutral

2.72

307

Disagree

105

Strongly Disagree
Strongly Agree

2.58
3.28 ***
1.84 ***

‡

‡

0.0306

526
0.0880

56
499

Agree

2.19 ***

661

Neutral

2.58

327

Disagree

94

Strongly Disagree

2.54
2.92 **

Strongly Agree
Agree

1.63 ***
2.08 ***

490
609

‡

Adjusted r for
regression model

0.1265

57

Neutral

2.57

329

Disagree

2.35 *

93

Strongly Disagree

2.57

‡

53

0.1723

p > 0.05
* p ≤ 0.05
** p ≤ 0.01
*** p ≤ 0.001
All semesters combined.
Survey statement: "I gained useful insight on the physics topic presented in this lab.".
For all surveys, 1 Strongly Agree 2 Agree 3 Neutral 4 Disagree 5 Neutral.
Indicated significance is in the response difference from "Neutral".

Table 5.8 – Effect of viewing prelab videos on reported insight gained from labs.

5.6
5.6.1

Discussion and Conclusions
Summary of Study Results.

The introduction of prelab videos, intended to be viewed as a preparatory tool for
completing laboratory exercises in a large-enrollment Introductory Physics for the Life
Sciences class, shows promise in making labs more manageable for students and helping
them gain insight from the labs. The study does not demonstrate a consistent improvement
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in the time taken by the students to complete the labs. It is possible that an insufficient
number of students viewed the videos to demonstrate a time improvement, or that other
factors (perhaps TA experience, or student discipline in accurately using the timing devices,
or the relative physics skill/experience of a fall cohort as compared to a winter cohort)
weighed too heavily on the time to complete to see the effect of videos. It is also possible that
a student who finds a physics lab more manageable, and who is gaining insight from the lab
experience, may not implicitly take a shorter time.
The prelab videos were only viewed by, at most, 60% of the class, and in general only 3040% of the class viewed the last video in the series for any lab. It is worth noting that this
final video in all cases shows the basic equations and problem-solving skill that will be
needed to complete the analysis for the lab, and that technically students should have
completed all data gathering and triggered their timers “off” by that point. With that said, a
concurrent implementation of prelecture videos72 in the same PHYS*1080 classes saw video
uptakes of around 75%. That study offered a bonus marks incentive to students who
watched the videos – while it is possible that a similar incentive would drive some small
uptake improvements for the prelab videos, the benefit gained by the course would likely
not be worth handing out the extra marks.
The mean times to complete specific labs varied from semester to semester by a few
minutes, sometimes with statistically significant differences and sometimes not. There was
no lab exercise where a consistent shift in either direction was discernable, and the
implementation of prelab videos certainly cannot be said to drive quicker completion times
for labs at this stage (nor do they appear to cause students to take consistently longer times
at their labs). It is suspected that there are many factors which contribute to how long a given
student takes to gather their data in a lab setting. Preparation should certainly be one of
these. As students are not permitted to access online resources during their lab times to
prevent cheating, the videos are not currently viable in-lab support tools. The TA on duty
remains the most important resource for students working on their labs, and there is a wide
range of experience across the TA team for any iteration of PHYS*1080. There is also a
difference in the relative physics and overall university experience of fall PHYS*1080 classes
compared to winter classes. It is possible that all factors which contribute to the time a
student takes in completion of a given lab will need to be isolated and controlled for,
including demographic factors, before any changes to time for completion can be isolated
and quantified.
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With that said, one substantial improvement that could be made in isolating the time
effect of preparation using prelab videos would be connecting timing data with an individual.
In the current setup times to complete labs are recorded by station, and not by student. It
would be relatively easy to implement a change in the survey documents that asked for
students to record the station at which they completed the lab – this would allow for lab
timing to be connected with demographic data, course performance data, performance on
lab-specific quiz questions, and similar variables.
There appears to be a significant correlation between the students reporting that they
carefully watched the prelab videos, and reporting that they found the labs manageable and
that they gained insight from them. There is some caution to be taken in accepting at face
value the validity of self-reported data73,74, as may be demonstrated by the somewhat weak
correlation between reported video views and actual view data in this study. A best practice
seems to be working with self-reported data, along with as much triangulation from other
data sources as possible – this is another strong argument in favour of connecting together
current data sets with course performance, quiz performance and so on. With all that said,
the data suggest that students who carefully watched the prelab videos got more out of the
lab experience, and so it may not be realistic or even desirable to expect them to finish the
labs more quickly. Within the limitations imposed by the course structure and the need to
serve a very large and growing student population, care needs to be taken in preserving the
motivation for students to put effort into learning, both before and during their lab times.
5.6.2

Suggestions for policy direction.

The results of this study suggest that there are no drawbacks, and offer the significant
likelihood that there are some benefits to students, in leaving the prelab videos in place as a
preparatory tool. It is suggested that focus be placed on increasing uptake of the videos –
there is room for improvement there. One method of increasing uptake may be as suggested
by Moffett (2015)75 – her Tip 10 suggests preparing the students by sharing the rationale
and potential benefits of the flipped learning environment. Continuing to promote the prelab
videos to PHYS*1080 classes at the beginning of the semester, along with the data suggesting
the benefits to manageability and insight gained may help generate more active participation
in the prelab video process.
It should also be prioritized to make whatever simple changes can be made to increase
data availability around the prelab videos – in particular, the ability to tie timing data to
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individual students and so to individual course performance data. The easiest way to do this
would likely be to add a self-report section on the lab survey sheets that asks students what
station they were at when they performed the lab, and what time of day they completed the
lab (date and name are already collected as part of the surveys). If a further positive
connection to learning from these videos can be quantified, then the introduction of prelab
videos in the other IPLS courses could be considered.
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Chapter 6

Summary
Students know best (in particular, Master’s students). One need only spend a little time
working with them to understand that. Students who are enrolled, along with hundreds of
their contemporaries, in introductory physics courses, have some very specific beliefs and
policies that they adhere to. And so, when one is considering design and intent of labs and
lab materials, it’s comforting to have some assurance as to what students believe, and some
ability to predict what they’ll do and how they’ll learn.
It can be useful to approach students with lab preparatory materials that meet them
where they live – videos are a good example of this. It appears in general that students who
watch videos designed to prepare them for a lab exercise find those exercises to be more
manageable, and are more open to gaining insight from the experience. Given the ability to
match student lab time spent with their preparation habits, it seems possible that a
connection will be drawn between their preparatory habits and the effectiveness of their
time spent in the lab in objective terms. While it may seem intuitive, confirming that the
prepared student not only gains insight on the lab topic, but additionally completes the work
in less time, leaves only one question remaining: how do we get students to spend that
preparation time?
When the design of the labs themselves is considered, students believe that they are in
the lab room to learn. Not only learning in the sense of gaining the specific content-related
facts that will allow them to succeed on course assessments like the quizzes and the final
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exam, but learning what practical physics work is and how to assemble and present data.
These are all considered to be important goals by all those who teach first year science
students, not specific to the physics department. It is also encouraging to know that physics
content and conceptual knowledge will be delivered through other course media, and that
lab exercises don’t need to carry that responsibility equally. Labs can be designed first and
foremost to teach students practical science and responsible data handling, and there should
be no worry that they’ll miss out on learning the equation for a standing wave because they
were investigating the generation of harmonic tones on the singing rod. Even for
introductory students in the life sciences, lab work can be about discovery.
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Appendix A – Specific implicit and explicit learning goals associated with
all labs in common standard first year Science courses at the University of
Guelph.
Current skill and content emphases for first year Science courses are:
Physics
PHYS*1300 is designed with a weekly Lab/Tutorial session led by a TA. TAs have the same
students (approximately 30-35) in the same session weekly, and so have an opportunity to
work with them through the semester. Laboratory experiments are performed in five of the
12 weeks, with the specific laboratory content and objectives as follow76:
Laboratory 1 – Introduction to Experimental Techniques and Kinematics
1. Be able to efficiently use the data acquisition software (Capstone) associated
with the motion and force sensors to be used in subsequent experiments
(skill)
2. Gain a better understanding of the physical interpretation of position vs.
time graphs and velocity vs. time graphs (skill, concept).
Laboratory 2 – Newton’s Third Law
1. Obtain a better understanding of the forces involved when two objects
collide or come into contact with one another (concept).
Laboratory 3 – Conservation of Energy
1. Calculate the kinetic energy of an object of mass m, moving with speed v
(concept).
2. Calculate the gravitational potential energy of an object of mass m, at height
h, above the zero potential energy level (concept).
3. Calculate the total mechanical energy of an object (concept).
4. Be able to state the law of conservation of mechanical energy (concept).
Laboratory 4 – Ohm’s Law
1. State Ohm’s law; define all variables in it and their units (concept).
2. Determine the resistance of a resistor from a graph of V vs. I (skill, concept).
3. Wire up two simple D.C circuits involving resistors in series and parallel,
ammeters, voltmeters, and a D.C. voltage source (skill, concept).
Laboratory 5 – Acoustics
1. Measure sound velocity from a distance-time graph (skill, concept).
2. Explain how a standing wave is produced (concept).
3. State the relationship between the length of a tube (either closed at one end,
or open at both ends) and the wavelength of a standing wave in the tube
(concept).
4. Use the relationship v=f among velocity, wavelength, and frequency of a
wave (concept).
Laboratory 6 – Ionizing Radiation
Laboratory 6 is optional, is performed as a computer simulation, and does not
have stated objectives (concept).
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Objectives for PHYS*1300 labs are primarily concept-based, with only Laboratory 1
having an explicit skill-based objective. Any other skill-based objectives are coincidental
with reinforcing course-related concept objectives.

PHYS*1080 includes five labs to be performed at timing of the students’ choosing
throughout the semester. Specific labs are required to be completed before specific quizzes
may be written, although a required lab may not coincide with the content on that specific
quiz. Each quiz has a deadline for completion as the semester progresses – the upshot is that
specific labs have deadlines for completion to be able to meet all quiz deadlines.
PHYS*1080 labs do not have explicit objectives, either skill or concept-based. Implicit
objectives are as follow69:

Laboratory 10 – Forces and Torques: Equilibrium
 Understand how to balance linear forces and torques. (concept)
Laboratory 12 – Elasticity
 Plot slope relationships for experimentally-acquired data. (skill)
 Develop Young’s Modulus for catgut, and shear moduli for solid and hollow
rods. (concept)
Laboratory 13 – Density and Surface Tension of Liquids
 Plotting experimentally-acquired data (skill)
 Investigate the relationship between density and surface tension of methanol
(concept)
Laboratory 14 – Viscosity of Liquids
 Measure terminal velocities for small spheres in liquids of different viscosities.
(concept).
Laboratory 17 - Diffusion
 Use a computer simulation to model diffusion processes. (skill, concept)
 Plot and analyze experimental data on a semilog graph. (skill)
PHYS*1070 includes six labs, designed identically to PHYS*1080 with respect to flexible
timing, functioning as quiz prerequisites, and sharing deadlines with their respective quizzes
throughout the semester.
PHYS*1070 labs also do not have stated objectives, with the exception of Laboratory 2.
Explicit (Lab 2) and implicit (all other labs) objectives are as follow77:

Laboratory 2 – Acoustics
1. To measure the sound velocity from a distance-time graph. (skill, concept)
2. To explain how a standing wave is produced. (concept)
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3. To state the relationship between the length of a tube (either closed at one
end, or open at both ends) and the wavelength of a standing wave in the
tube. (concept)
4. To use the relationship v = f among velocity, wavelength and frequency of a
wave. (concept).
Laboratory 3 – Optics of the Eye
 Understand how lenses work, in the context of the human eye. (concept)
 Use the various lens equations with experimental data as inputs. (concept)
Laboratory 4 – Diffraction and Resolving Power
 Use an oscilloscope to observe and measure diffraction patterns. (skill,
concept)
 Determine the Rayleigh criteria of their own eyes. (concept)
Laboratory 6 – Visible Spectroscopy
 Observe and plot absorption spectra to determine peak absorbance and
fluorescence of riboflavin. (skill, concept)
 Determine the extinction coefficient of riboflavin from plotted experimental
data. (skill, concept).
Laboratory 7 - Radiation
 Use computer-generated data to analyze the inverse-square law using log
graphs. (skill, concept)
Laboratory 8 – Electrical Measurements and Resistance
 Develop and analyze simple circuits using basic components and electrolyte
fluids. (skill, concept).
Most PHYS*1080 and PHYS*1070 labs are organized with a strong primary focus on
concept reinforcement. Skill development is incidental and is primarily connected with data
plotting. Laboratory setups are very specifically tailored to the concept being investigated –
it would be difficult to envision them reinforcing general creative lab skills in most cases.
Chemistry
Both common first-year Chemistry courses at Guelph (CHEM*1040 and CHEM*1050) involve
a traditional laboratory section. The course outline45

46for

CHEM*1040 emphasizes both

skills that are already expected to be known, and skills that students are expected to acquire
though these courses. They are:
CHEM*1040 and CHEM*1050
What We Expect You Already Know/Understand:
♦ the classifications of matter and terms associated with its physical properties
(e.g., temperature; density, homogeneous vs. heterogeneous mixtures).
♦ how to report the number of significant figures in a given quantity and how
to round off the result of a calculation to the correct number of significant
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figures. (Refer to section 1.5 in text as well as the introductory notes within
your laboratory manual.)
♦ the SI base units and SI prefixes (from tera through to femto) and are able to
convert between units.
♦ the basic concepts and terminology associated with atoms and atomic
structure (e.g., electron, proton, neutron, atomic number, mass number, atomic
mass unit, isotope, natural abundance, mole, molar mass).
♦ the information provided by any periodic table (e.g., atomic symbols and
names, period versus group), and be familiar with the overall structure and
organization of the modern periodic table.
♦ the names of groups 1, 2, 17 and 18; how to classify an element as a metal,
non-metal or metalloid based on its position in the periodic table; the common
forms of the most common non-metals: H2, F2, Cl2, Br2, I2, N2, O2, P4, S8.
♦ and are familiar with the names and formulas of simple inorganic and organic
compounds.
♦ how to write and balance simple chemical equations by inspection.
♦ the concepts and calculations that involve quantities of atoms, ions or
molecules, Avogadro's number, molar mass and molecular formula.
♦ to use % composition & molar mass to determine empirical and molecular
weights.
♦ how to use a balanced chemical equation to relate masses and moles of
reactants and products.
♦ the meaning of terms such as empirical formula, molecular formula; structural
formula; anion; cation; oxidation state; limiting reagent; excess reagent; actual,
theoretical and percent yields; molarity
♦ the units of pressure used for gas law problems and be able to convert
between them.
♦ the concepts and terminology associated with the ideal gas law (PV=nRT)
♦ the difference between wavelength and frequency and are familiar with the
electromagnetic spectra and the different regions of the spectra (X-ray, UV,
visible, IR, Microwave, radio).
♦ the concept of a photon and how the energy of a photon is directly
proportional to the frequency and inversely related to wavelength.
♦ when and why the Bohr Theory of the atom is useful, and as well as its
limitations, and why it is not really correct.
♦ how to work with exponential (i.e., scientific) notation, logarithms (e.g., log
& ln), exponentials (i.e., 10x and e x) and the quadratic formula.
♦ how to solve for an unknown within a linear equation. In some instances it
may be helpful if you can solve for two unknowns using two linear equations.
♦ how to use a table of (x,y)-data pairs to construct a plot. For straight line
plots, you will be expected to calculate slope.
Learning Outcomes
On successful completion of this course, students should be able to:
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1. Demonstrate knowledge and understanding of atomic structure, periodic
trends, Lewis structures, VSEPR and bonding.
2. Understand and apply the concepts of chemical equilibrium, especially in
associating with acids, bases, salts, buffers and titration curves.
3. Solve quantitative problems (stoichiometric) involving chemical formulas and
equations which include solids, liquids, solutions or gases.
4. Demonstrate knowledge and understanding of physical and chemical aspects
of organic molecules and their reactions.
5. Perform laboratory experiments demonstrating safe and proper use of
standard chemical glassware and equipment.
6. Record, graph, chart and interpret data obtained from experiments through
working co-operatively with others or independently.
Specific lab exercises have an introduction that outlines specific conceptual goals of the
experiment; the individual labs do not have explicit skills-based goals, other than the first
lab from CHEM*1040, which is for the purpose of learning and practicing practical Chemistry
lab skills and safety.
Biology
The three common first-year Biology courses42–44,78 at Guelph focus primarily on “dry”
scientific skills – BIOL*1070 involves some fieldwork, but there are no “wet” labs among the
first-year Biology courses In this context, we are considering a “wet” lab to be one that uses
samples, chemicals, and/or some degree of specific hands-on laboratory skill to complete.
BIOL*1070 does involve such activities as using a field guide to identify previously-prepared
animal and plant samples at a series of stations, or developing a way to quantify the
characteristics of zebra mussel shells. While these certainly have a hands-on aspect, we are
not considering them to be “wet” labs in a traditional sense. Skill emphases among the first
year Biology courses are as follow:
BIOL*1070 – Discovering Biodiversity
1. To develop capabilities for independent study and research.
2. To develop the ability to assess and analyse Biological information.
3. To reinforce numeracy skills by developing a broader knowledge base of data
spreadsheets, statistical analyses and data presentation.
4. To understand and practice the process of Biological inquiry using scientific
methods and reasoning.
5. To develop skills for working in groups cooperatively and efficiently.
6. To develop effective communication skills.
BIOL*1080 – Biological Concepts of Health
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1. To understand the process of health research using scientific methods and
reasoning.
2. To develop the capabilities for independent study and research, including the
use of laboratory analyses, primary literature and online resources.
3. To employ skills for working in groups cooperatively and efficiently.
4. To develop effective written and oral communication skills.
5. To cultivate a level of comfort with the complexity and uncertainty inherent in
Biological and health Science.
BIOL*1090 – Introduction to Molecular and Cellular Biology
1. Demonstrate an understanding of the fundamental elements of cell structure
and molecular and Mendelian genetics.
2. Identify and evaluate the different types of scientific literature and execute an
effective search of the scientific literature for completion of course assignments.
3. Integrate concepts from a broad range of disciplines in Biological Science to
produce a poster as a member of an interdisciplinary team.
4. Synthesize ideas and communicate concepts in cellular and molecular Biology
using written communication skills in written assignments and examinations.
5. Practice working independently using online workshops to complete course
assignments.
6. Manage time effectively and follow instructions to meet deadlines for course
requirements.
7. Demonstrate proper attribution of others’ ideas to avoid plagiarism in
scientific communication.
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Appendix B - Evaluation of PHYS*1300 labs and considerations in
choosing the lab for modification or removal.
Experiment #1 – Introduction to Experimental Techniques and Kinematics
Objectives:
1. Be able to efficiently use the data acquisition software (Capstone) associated with the
motion and force sensors to be used in subsequent experiments.
2. Gain a better understanding of the physical interpretation of position vs. time and
velocity vs. time graphs.
Synopsis: Students familiarize themselves with Capstone, the software that is used to record
data from force sensors. They record simple data sets by moving their hands through the
field of a motion sensor and try to move in such a way that they match theoretical curves.
Skill goals: Lab setup, software, graphing skills
Content goals: Basic connection between motion, velocity, and acceleration.
Concept goals: None.
This is not a good candidate for removal. There is not a strong enough connection to course
content, to evaluate what would happen if it were removed – and subsequent experiments
(Experiment 2 and Experiment 3) use the Capstone software – it would put students at a
disadvantage if this introduction and practice were removed.

Experiment #2 – Newton’s Third Law
Objectives:
1. Obtain a better understanding of the forces involved when two objects collide or
come into contact with one another.
Synopsis: Students collide two carts and use motion and force sensor data to evaluate
Newton’s Third Law.
Skill goals: None that are new; further practice with lab setup and Capstone software.
Content goals: Physical proof of Newton’s Third Law.
Concept goals: None.
This lab is a reasonable candidate for removal. Newton’s Third Law has a defined Study
Guide section and self-test (3.4) and is likely enough to have content-related questions on
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the quizzes and final exam. It should be considered that Newton’s Law’s form a basis for
much of the first half of the course content – it may be wise to leave this exercise in its place.

Experiment #3 – Conservation of Energy
Objectives:
1. Calculate the kinetic energy of an object with mass m, moving with a speed v.
2. Calculate the gravitational potential energy of an object of mass m, at height h, above
the zero potential energy level.
3. Calculate the total mechanical energy of an object
4. Be able to state the law of conservation of mechanical energy.
Synopsis: Students use suspended masses and a pulley to move a frictionless glider on an air
track, and a position sensor to calculate motion data and develop energy equations.
Skill goals: None that are new; further practice with lab setup and Capstone software.
Content goals: Calculating energy from velocity, mass, and height.
Concept goals: Relating potential and kinetic energy and understanding their relationship by
conservation of energy principles.
This is an excellent candidate for removal and evaluation. It has clear content goals that make
up several sections of the Study Guide, and it has a connection to conceptual underlying.
Conservation of Energy also forms much of the basis for one of the PHYS*1300 quizzes.
Experiment #4 – Ohm’s Law
Objectives:
1. State Ohm’s Law; define all variables in it and their units.
2. Determine the resistance of a resistor from a graph of V vs. I.
3. Wire up two simple D.C. circuits involving resistors in series and parallel, ammeters,
voltmeters and a D.C. voltage source.
Synopsis: Students create several simple circuits and record or calculate voltage, current,
and resistance data.
Skill goals: Practice with simple circuits.
Content goals: Ohm’s law and calculations involving potential, current, and resistance.
Concept goals: None.
This is a very good candidate for removal. As with Experiment #3, it represents content that
forms the basis for a large amount of coursework including quizzes. It does have a unique
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set of lab skills that students will not be exposed to elsewhere in the course; they will not be
exposed to circuit building in PHYS*1080.

Experiment #5 – Acoustics
Objectives:
1. Measure sound velocity from a distance-time graph.
2. Explain how a standing wave is produced.
3. State the relationship between the length of a tube (either closed at one end, or open
at both ends) and the wavelength of a standing wave in the tube.
4. Use the relationship v = f among velocity, wavelength and frequency of a wave.
Synopsis: Students use an oscilloscope to measure reflected sound pulses and evaluate
standing waves.
Skill goals: Oscilloscope practice, graphing skills.
Content goals: Speed and frequency of sound calculations, and standing wave parameters
and calculations.
Concept goals: Establishing an observable, physical basis for the theory behind standing
waves.
This lab would also work very well for removal from a content basis. Waves and acoustics
form the entirety of Quiz 5 and there would be ample opportunity to select quiz questions
for evaluation.

- 88 -

Appendix C – Week 1 Survey, laboratory content reinforcement study.
University of Guelph Physics Survey – Fall 2017 – PHYS*1300
Thank you for volunteering to complete the University of Guelph Physics Student Survey! This
survey is part of a research study by the College of Engineering and Physical Science, University
of Guelph (led by Dr. Martin Williams, Acting Chair of the Physics Department). The purpose of
the research is to evaluate the effectiveness of the University of Guelph introductory level
Physics courses in achieving student learning. We hope to use the information we gather to
make improvements in the ways we teach introductory Physics here at Guelph.
This a consent form, in which we ask you to agree that we can use your information. You do not
have to take part if you don’t want to, and there will be no consequences to you if you choose
not to. Below is a summary of what will and will not be done with respect to your personal
information.
The study WILL:
 Ask you some questions about yourself.
 Ask you some opinions about Physics classes and labs.
 Involve another survey toward the end of the semester.
 Ask for permission to access the marks you receive in PHYS*1300, such as quiz marks
and final exam marks.
 Ask for permission to access some of your high school marks, for courses that relate to
Physics and other Sciences.
 Ensure that all of the above information is kept highly confidential and that your privacy
is protected.
 Publish results in a way that ensures that no individual can be identified in any way.
 Enter your name in a draw for a $250 Best Buy gift card as a thank you for agreeing to
take part in the full study.
The study WILL NOT:
 Share any of the above information with ANYONE associated with PHYS*1300 while you
are a student in that course, including instructors and TAs.
 Penalize you if you don’t want to take part, or make it difficult for you to withdraw if
you change your mind about taking part.
 Have any effect on your grades in PHYS*1300 or any other course.
If you agree to participate, we ask that you sign off below. If you agree, and at any time wish to
withdraw from the study (or if you have any questions at any time), you may feel free to email
Matt Steffler (stefflem@uoguelph.ca) or Dr. Martin Williams (martin.williams@uoguelph.ca). If
you do wish to withdraw, we need to know by February 1st, 2018.
The full study will run for the entire Fall 2017 semester, and will have a second short survey
toward the end of the semester. For those who agree to participate in the entire study, we will
hold a random drawing for a $250 Best Buy gift card. That draw will be held in February 2018.
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This project has been reviewed and approved by the Research Ethics Board (REB) for
compliance with federal guidelines for research involving human participants and assigned
REB# 17-07-016. If you have any questions regarding your rights and welfare as a research
participant in this study please contact Director; Research Ethics; University of Guelph;
reb@uoguelph.ca; 519.824.4120 x56606. You do not waive any legal rights by agreeing to take
part in this study.
Please hand this consent form and the attached survey back to your lab TA before you leave.

I agree to participate in the Guelph Physics Student Survey as outlined above. I understand that
participation will allow the authors of the study to access my course marks for PHYS*1300 and
my high school marks, in addition to the responses in the following survey.
At no time will any of these data be shared with anyone connected with PHYS*1300 while I am
a student in that course, and my choices on participation will have no effect of any kind on my
grades in PHYS*1300 or any other course.
Name: _________________________________________________________
Signature: _________________________________________________
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For all questions, please circle the correct answer, or write the answer on the line(s) provided.
Please be sure to read the questions carefully, and select only one answer.
Section I – Information about you
1. What is your name? ___________________________________
2. What is your Student ID number? ____________________________________
3. What is your current age? ________
4. What is your current gender?
a. Female
b. Male
c. Transgender
d. Other (please specify) _________________
e. Prefer not to say
5. What is your program of study?
a. Degree (for example, Bachelor of Science, Bachelor of Engineering, etc.)
_____________________________________________________________
b. Major (for example, Animal Biology, Molecular Biology and Genetics, etc.)
_____________________________________________________________
6. What semester of your program are you currently completing? Circle the letter for one answer.
a. Semester 1
b. Semester 2
c. Semester 3
d. Semester 4
e. Semester 5 or above
7. It is possible that participants in this study will have the opportunity to give more detailed feedback,
such as by participation in interviews or focus groups. Would you be willing to participate in further
response exercises of this kind? Please note that you may change your mind at any time, even if you
respond “yes” on this question.
Yes

No

********************************************************************************
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Section II – Attitudes and Opinions on Physics
For the questions in this section, please circle the number which most closely corresponds with your
opinion on the statement as written. The scale is as shown here:
Strongly Agree
1

Agree
2

Neutral
3

Disagree
4

Strongly Disagree
5

8. Nearly everyone is capable of understanding Physics if they work at it.
Strongly Agree
1

2

3

4

Strongly Disagree
5

9. Learning Physics changes my ideas about how the world works.
Strongly Agree
1

2

3

4

Strongly Disagree
5

10. I expect that doing an experiment will help my understanding of Physics.
Strongly Agree
1

2

3

4

Strongly Disagree
5

11. Physics becomes easier if you can see a real-world demonstration of the concepts.
Strongly Agree
1

2

3

4

Strongly Disagree
5

12. When I solve a Physics problem, I locate an equation that uses the variables given in the problem
and plug in the values.
Strongly Agree
1

2

3

4

Strongly Disagree
5

13. The primary purpose of doing a Physics experiment is to confirm previously known results.
Strongly Agree
1

2

3

4

Strongly Disagree
5

14. If I don't have clear directions for analyzing data, I am not sure how to choose an appropriate
analysis method.
Strongly Agree
1

2

3

4

Strongly Disagree
5

15. When I encounter difficulties in the lab, my first step is to ask an expert, like the instructor.
Strongly Agree
1

2

3

4
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Strongly Disagree
5

Appendix D – Week 11 Survey, laboratory content reinforcement study.
University of Guelph Physics Survey – Fall 2017 – PHYS*1300
Thank you for volunteering to complete the University of Guelph Physics Student Survey! This
survey is part of a research study by the College of Engineering and Physical Science, University
of Guelph (led by Dr. Martin Williams, Acting Chair of the Physics Department). The purpose of
the research is to evaluate the effectiveness of the University of Guelph introductory level
Physics courses in achieving student learning. We hope to use the information we gather to
make improvements in the ways we teach introductory Physics here at Guelph.
This a consent form, in which we ask you to agree that we can use your information. You do not
have to take part if you don’t want to, and there will be no consequences to you if you choose
not to. Below is a summary of what will and will not be done with respect to your personal
information.
The study WILL:
 Ask you some questions about yourself.
 Ask you some opinions about Physics classes and labs.
 Involve another survey toward the end of the semester.
 Ask for permission to access the marks you receive in PHYS*1300, such as quiz marks
and final exam marks.
 Ensure that all of the above information is kept highly confidential and that your privacy
is protected.
 Publish results in a way that ensures that no individual can be identified in any way.
 Enter your name in a draw for a $250 Best Buy gift card as a thank you for agreeing to
take part in the full study.
The study WILL NOT:
 Share any of the above information with ANYONE associated with PHYS*1300 while you
are a student in that course, including instructors and TAs.
 Penalize you if you don’t want to take part, or make it difficult for you to withdraw if
you change your mind about taking part.
 Have any effect on your grades in PHYS*1300 or any other course.
If you agree to participate, we ask that you sign off below. If you agree, and at any time wish to
withdraw from the study (or if you have any questions at any time), you may feel free to email
Matt Steffler (stefflem@uoguelph.ca) or Dr. Martin Williams (martin.williams@uoguelph.ca). If
you do wish to withdraw, we need to know by February 1st, 2018.
The full study will run for the entire Fall 2017 semester. For those who agree to participate in
the entire study, we will hold a random drawing for a $250 Best Buy gift card. That draw will be
held in February 2018.

This project has been reviewed and approved by the Research Ethics Board (REB) for
compliance with federal guidelines for research involving human participants and assigned
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REB# 17-07-016. If you have any questions regarding your rights and welfare as a research
participant in this study please contact Director; Research Ethics; University of Guelph;
reb@uoguelph.ca; 519.824.4120 x56606. You do not waive any legal rights by agreeing to take
part in this study.
Please hand this consent form and the attached survey back to the survey administrator before
you leave.

I agree to participate in the Guelph Physics Student Survey as outlined above. I understand that
participation will allow the authors of the study to access my course marks for PHYS*1300, in
addition to the responses in the following survey.
At no time will any of these data be shared with anyone connected with PHYS*1300 while I am
a student in that course, and my choices on participation will have no effect of any kind on my
grades in PHYS*1300 or any other course.
Name: _________________________________________________________
Signature: __________________________

_______________________

Section I – Information about you
For all questions, please circle the correct answer, or write the answer on the line(s) provided.
Please be sure to read the questions carefully, and select only one answer.
16. What is your name? ___________________________________
17. What is your Student ID number? ____________________________________
18. What is your current age? ________
19. What is your current gender?
a. Female
b. Male
c. Transgender
d. Other (please specify) _________________
e. Prefer not to say
20.

Did you complete any Physics courses in high school, such as Grade 11 Physics? (Please
circle one):
Yes

No
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If “Yes”, please circle the range that contains, to the best of your recollection, the final
grade you received in the most recent Physics course you completed in high school:

21.

a)

91 – 100%

d) 61 – 70%

b)

81 – 90%

e) 51 – 60%

c)

71 – 80%

f) 50% or lower

It is possible that participants in this study will have the opportunity to give more detailed
feedback, such as by participation in interviews or focus groups. Would you be willing to
participate in further response exercises of this kind? Please note that you may change
your mind at any time, even if you respond “yes” on this question.
Yes

No

*****************************************************************************
Section II – Attitudes and Opinions on Physics
For the questions in this section, please circle the number which most closely corresponds with your
opinion on the statement as written. The scale is as shown here:
Strongly Agree
1

Agree
2

Neutral
3

Disagree
4

Strongly Disagree
5

22. Nearly everyone is capable of understanding Physics if they work at it.
Strongly Agree
1

2

3

4

Strongly Disagree
5

23. Learning Physics changes my ideas about how the world works.
Strongly Agree
1

2

3

4

Strongly Disagree
5

24. I expect that doing an experiment will help my understanding of Physics.
Strongly Agree
1

2

3

4

Strongly Disagree
5

25. Physics becomes easier if you can see a real-world demonstration of the concepts.
Strongly Agree
1

2

3

4

Strongly Disagree
5

26. When I solve a Physics problem, I locate an equation that uses the variables given in the problem
and plug in the values.
Strongly Agree

Strongly Disagree
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1

2

3

4

5

27. The primary purpose of doing a Physics experiment is to confirm previously known results.
Strongly Agree
1

2

3

4

Strongly Disagree
5

28. If I don't have clear directions for analyzing data, I am not sure how to choose an appropriate
analysis method.
Strongly Agree
1

2

3

4

Strongly Disagree
5

29. When I encounter difficulties in the lab, my first step is to ask an expert, like the instructor.
Strongly Agree
1

2

3

4

Strongly Disagree
5

Section III – Elements of PHYS*1300
For the questions in this section, please answer specific to your experiences thus far in PHYS*1300.
30. The homework assignments in PHYS*1300 are helpful in learning and understanding the course
material
Strongly Agree
1

2

3

4

Strongly Disagree
5

31. The laboratory experiments in PHYS*1300 are helpful in learning and understanding the course
material.
Strongly Agree
1

2

3

4

Strongly Disagree
5

32. The lectures in PHYS*1300 are helpful in learning and understanding the course material.
Strongly Agree
1

2

3

4

Strongly Disagree
5

33. It is easier to learn Physics if I perform a hands-on experience such as a lab exercise that
demonstrates the concepts.
Strongly Agree
1

2

3

4

Thank you very much!
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Strongly Disagree
5

Appendix E – Study-specific questions included on the PHYS*1080 end of
semester survey.
The following are the portions of the end-of-semester survey for PHYS*1080 that were
included to attempt to clarify responses from the PHYS*1300 Week 1 and Week 11 surveys
– in particular, what students believed the role of laboratory exercises was.
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Appendix F – Lab treatments included in Lab Content Reinforcement
study.
The following are the two lab exercises that were included in the Content
reinforcement study (Conservation of Energy and Conservation of Momentum).
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Appendix G – Structure of PHYS*1080 laboratory exercises
PHYS*1080 includes five labs to be performed at timing of the students’ choosing throughout the
semester. Specific labs are required to be completed before specific quizzes may be written, although
a required lab may not coincide with the content on that specific quiz. Each quiz has a deadline for
completion as the semester progresses – the upshot is that specific labs have deadlines for
completion to be able to meet all quiz deadlines.

PHYS*1080 labs do not have explicit objectives, either skill or concept-based. A basic summary of
each of the four labs included in this study, as well as their implicit objectives, are as follow:

Laboratory 10 – Forces and Torques: Equilibrium
Outline: Students use suspended weights to place a force balance in translational and rotational
equilibrium, and calculate the force vectors necessary to do so. Students also set up balanced torque
scenarios using a plank across two scales and calculate the distances and forces involved.
Goal: Understand how to balance linear forces and torques (concept).

Laboratory 12 – Elasticity
Outline: Students use suspended weights to apply stress and strain on catgut fibres, and hollow and
solid Lucite rods, and use the data to calculate Young’s modulus and other values.
Goals: Plot slope relationships for experimentally-acquired data (skill), develop Young’s Modulus for
catgut, and shear moduli for solid and hollow rods (concept).

Laboratory 13 – Density and Surface Tension of Liquids
Outline: Students use varying concentrations of methanol in a manometer to calculate density and
surface tension, and investigate how those properties change with concentration.
Goals: Plot experimentally-acquired data (skill), investigate the relationship between density and
surface tension of methanol (concept).

Laboratory 14 – Viscosity of Liquids
Outline: Students measure the viscosity of water by flow through a capillary tube, and the viscosity
of oils by measuring the terminal velocity of spheres as they fall through the oils.
Goal: Measure viscosities of various liquids using several basic lab designs (concept).
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Appendix H – Analysis of timing data sets and removal of outliers.
Raw data sets from lab timing devices included times that ranged from a few seconds to several days.
In general, all sets had an approximately normal distribution during the time range that the data
collection for the lab would be expected to take (on the order of 20-60 minutes, depending on the
lab). The right-hand “tail” of the frequency plot then ranged out to hours and days, which represented
timing devices that students had forgotten to switch off when they were completed. A frequency
histogram of a complete dataset took this form:

Applying Criteria 1 (removal of all timing data shorter than 5 minutes) and Criteria 2 (removal of all
timing data longer than 120 minutes) modified the dataset to this form, which represents all data
points that could have happened in the standard two-hour lab session time that the students are
allowed:
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3

Finally, each data set was inspected for the portion that most likely corresponded to the range of
times that students took to gather the data without failing to turn the timing devices off – in the above
chart, this was chosen to be from 5 to 50 minutes:

These criteria were applied to all timing data sets included in this study, and were used for the
purposes of calculating mean times and similar data.
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Appendix I – Regression of non-study variables
Student grade data included in this study was based on relevance of course assessments
(quizzes and the final exam) to the lab treatments (Conservation of Energy, and Conservation
of Momentum). As reported in Section 2.5.7, regression of study variables with demographic
control variables (age, gender, high school Physics marks, and so on) did not show any
significant effects.
However, when total final exam marks were regressed in the same way, some significant
effects were noted – specifically, overall final exam performance as related to gender and
high school marks. It should be noted that high school marks are self-reported and so may
not represent an accurate metric.
Students who self-reported an A+ (here, taken to be a final course mark of 91% or higher)
or an A (81 – 90%) in Grade 11 Physics performed significantly better overall on the
PHYS*1300 final exam, and males performed significantly better than females. All regression
data is summarized below.
Variable
High school physics mark
Did not take
91 - 100% (A+)
81 - 90% (A)

Sample size

Final exam improvement coefficient 1

Standard error

337
48
130

0.631
0.422

71 - 80% (B)

106

--4.47 ***
1.37 ***
0.01 ‡

61 - 70% (C)

41

-0.31 ‡

0.677

51 - 60% (D)
50% and below
Gender
Male
Female
High school mark and gender interaction
Did not take, male
Did not take, female
A+, male
A+, female

6
0

0.87 ‡
No respondents

1.69

148
520

---1.08 **

59
278
11
37

p
0.000 ***

0.459

0.006 **
0.385
0.000 ***

A, male

29

---1.54 **
4.17 **
2.90 **
0.923 ‡

A, female

101

-0.163

‡

0.671

B, male

35

-0.816

‡

0.873

B, female

71

-1.24 ‡

C, male

11

-1.65 ‡

1.34

C, female

30

-1.43 ‡

0.918

D, male
D, female

3
3

0.107 ‡
-0.226 ‡

2.42
2.42

0.587
1.34
0.859
0.928

0.721

Semester of study

0.524 ‡

Age

0.308 ‡

‡ p > 0.05
* p ≤ 0.05
** p ≤ 0.01
1
Final exam mark is out of a total of 25
2
r = 0.0926

*** p ≤ 0.001

n = 673
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