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Investigating the landscape of physics laboratory instruction across North America
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Physics lab instruction is evolving in response to changing technology, a desire to better prepare students
for diverse careers, and renewed focus from physics education researchers. To prepare researchers to
evaluate progress in instructional labs in the future, this study set out to understand the current state of
instructional physics labs in North America. Using information collected from instructors intending to use
two research-based lab assessments, we evaluate the reach, organization, goals, and pedagogies from over
200 unique instructional lab courses at over 100 institutions. We find significant diversity in all aspects
evaluated, with some trends in course pedagogy based on course goals and level. Namely, courses that aim
to reinforce concepts, develop lab skills, or do both incorporate varied levels of agency and modeling in
their instruction, with differences in first year and beyond-first year courses. We hope these analyses will be
useful for instructors to situate their own courses in the national landscape and for researchers to evaluate

changes in lab instruction in the future.
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I. INTRODUCTION

Physics education researchers, lab instructors, and pro-
fessional societies are paying renewed attention to lab
instruction, particularly questioning the goals for labs and
effective practices for achieving those goals [1-5]. Despite
relatively little research evaluating lab instruction [4,6],
there appears to be broad dissatisfaction with traditional
(highly structured and confirmatory) labs [5,7]. Many
institutions are calling for change—urging for labs to
provide more authentic researchlike experiences [5].
Before embarking on a coordinated process to improve
labs broadly, we seek to first understand the current state of
lab education across North America using data from 130
institutions and 228 unique lab courses.

II. MOTIVATION

Many institutions are rethinking their learning goals
and pedagogies in physics labs at all levels. This is
indicated by, for example, increasing participation in
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lab-focused sessions at American Association of Physics
Teachers (AAPT) conferences, the relatively new Beyond-
First-Year Lab conference series hosted by the Advanced
Laboratory Physics Association (ALPhA; initiated in
2012), the publishing of an updated set of recommenda-
tions for physics lab curricula by the AAPT [1], as well as
our limited, personal interactions with instructors across the
United States and abroad.

This emergence of interest is coupled to an upsurge in
research on physics lab instruction. A search of the journal
Physical Review Physics Education Research (and the
earlier, corresponding Special Topics journal) found only
20 papers published in the ten years before 2015 that
included “laboratory” or “lab” in the abstract or title. Since
2015, 47 such papers have been published (in half the
time). We use 2015 as a benchmark because the Physics
Education Research Conference focused on lab instruction
that year and the AAPT released their new set of recom-
mendations for physics lab curricula [1].

In addition to a change in number, there has also been a
change in focus. Prior to 2015, articles on lab instruction
focused on impacts of labs on students’ conceptual knowl-
edge [8—16], attitudes and epistemologies [17,18], under-
standing of measurement and uncertainty [19,20], and
experimentation skills and abilities [21,22]. Limited work
also explored lab teaching assistants (TAs) [23-25] and the
use of technology in lab [13,14,26,27],

Since 2015, many publications have focused on these
same topics: impacts of labs on students’ conceptual
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knowledge [28,29], attitudes and epistemologies [30—43],
understanding of measurement and uncertainty [44], lab
TAs [45,46], and technology [29,43,47-50]. However,
much more work has focused on development of students’
experimentation skills, with specific focus on writing and
communication skills [51-53], data analysis skills [54], and
various reasoning, modeling, and critical thinking skills
[48,55-67]. Additional topics have also emerged, such as
impacts of labs on issues of gender and equity [31,38,68—
70]. We recognize that this list of physics lab-focused
publications is not comprehensive. The list does, however,
provide a glimpse at how research on labs in physics
education is evolving.

This increase in attention to lab courses suggests that
instruction in labs is also evolving, but does not indicate
what is actually happening in the thousands of lab courses
around the country. Through the results presented in this
paper, we aim to begin to answer important questions about
the state of lab instruction in North America: What are the
common goals of physics lab courses? What kinds of
pedagogies are typically being employed? We hope that
evaluating the current landscape of lab instruction will be a
productive resource as change efforts develop, and allow
researchers and stakeholders in the future to look back and
understand how research and dissemination efforts affected
lab instruction. Analogous kinds of “status quo” evalua-
tions have recently been carried out to understand how
instructors use and/or teach computation in physics instruc-
tion [71,72]. Researchers are now using that information to
design materials and resources to support instructors in
integrating computation into their classes [73]. In contrast,
researchers are now exploring the degree to which instruc-
tors currently teach with traditional versus active learning
instructional strategies [74]. Without a benchmark from a
decade ago, however, it is unclear how instruction has
changed.

Research on lab instruction is too limited for us to say
precisely what methods are better for the broad range of
courses, goals, and student populations. Thus, as more and
more institutions call for change to lab instruction [4—7], we
believe it is vital to the PER community that we understand
what it is we are asking to change. We hope this paper will
provide a productive resource for coordinated change
efforts. To be clear, we do not intend to evaluate the labs
to indicate what goals or instruction may be effective or
ineffective—we simply aim to document what is currently
being done.

To achieve this goal, we analyze instructor self-reports
about the structure and instruction in their physics lab
courses. We draw from a sample likely to be systematically
biased towards instructors critically evaluating their labs
and therefore not wholly representative of physics lab
instruction broadly. The sample, which includes self-
reports by instructors aiming to run either the Colorado
Learning Attitudes about Science Survey for Experimental

Physics (E-CLASS) [17] or the Physics Lab Inventory of
Critical thinking (PLIC) [59], included over 200 unique
courses from a range of institutions (from 2-year colleges to
Ph.D.-granting institutions), indicating a relatively broad
array of instruction.

III. METHODS

Data were collected from the Course Information
Survey (CIS) [75] used for the E-CLASS and PLIC.
Instructors interested in using the assessments complete
the CIS with information about their course and their
responses to the CIS are used to automatically generate
survey links to be shared with students. The CIS also asks
about the characteristics of the instructor’s course [76],
including targeted questions about the pedagogy and
instruction in the course (listed in Figure 1). The questions
asked for the following:

Basic course and institution information:

* Instructor name and contact information

* Institution name

* Type of institution* (either 2-year college, 4-year

college, master’s-granting institution, Ph.D.-granting
institution, or other)

* Course name and number

* Course level* (either introductory algebra-based, in-

troductory calculus-based, sophomore, junior, senior,
graduate, or other)
Information about resources:

* Approximate number of students in the course

* Approximate number of lab sections and instructional

staff per section

e Number of scheduled and unscheduled hours per

week students spend in the lab and outside of lab
(but on lab work)

Information about pedagogy:

e Main purpose of the lab* (either to reinforce physics

concepts, develop lab skills, or both about equally)

e Number of weeks spent on guided lab activities

* Number of weeks spent on open-ended lab activities

* Frequency of different types of activities* (See Fig. 1)
Questions were mostly free response, with options
for closed-response questions indicated with an
asterisk (%).

Data included in the study were collected between July
2016 and September 2019 (pre COVID-19 changes). To
represent the most recent status of physics lab instruction,
we analyzed only the most recent instance of each course
from each institution in the dataset. If the most recent
version of the course ran both surveys in the same semester,
we compared the two instances and took an approximate
average of responses; no repeat instances had responses
that differed significantly (all differences were within one
scale point). We also selected institutions located only in
North America, because those educational systems are
most similar.
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Assigned category Activity description Frequency (FY) Frequency (BFY)
Type of investigation  Verify known physical principles through experimental tests 3.42 + 0.09 3.61+0.10
Discover known physical principles through experimentation 3.31 £+ 0.08 3.33 £ 0.09
Explore questions to which the answer is unknown to the student 3.25+0.08 3.44 +0.10
Student Agency Develop their own research questions 2.19 £ 0.09 2.60 £ 0.10
Design their own procedures 2.86 £ 0.11 3.07 £ 0.11
Build their own apparatus 2.33+0.10 2.60+0.12
Choose their own analysis methods 2.71+0.10 3.49 + 0.09
Troubleshoot problems with the setup or apparatus 3.19 £ 0.09 3.95 + 0.09
Work in groups with other students 4.82 + 0.04 4.54 +0.10
Modelling Develop mathematical models for the system being studied 2.99 + 0.08 3.33+0.09
Develop conceptual models for the system being studied 3.10 + 0.08 3.48 + 0.09
Develop mathematical models for the measurement tools being used 2.31+0.08 2.83 1 0.09
Develop conceptual models for the measurement tools being used 2.49 + 0.08 3.06 + 0.09
Use mathematical or conceptual models to make predictions 3.43+0.08 3.53+0.10
Refine system to reduce uncertainty 2.89 + 0.10 3.28 + 0.09
Calibrate measurement tools 2.66 + 0.07 3.30 £ 0.09
Data analysis and Quantify uncertainty in a measurement 3.74 £ 0.10 4.27 + 0.09
visualization Calculate uncertainty using error propagation 3.12+0.11 3.93+0.11
Use computers to aid with data analysis and visualization 3.96 £+ 0.08 4.27 + 0.08
Use computers to interface with measurement devices 3.66 + 0.08 3.62 + 0.10
Communication Give oral presentations 1.74 + 0.09 2.99 + 0.15
Write lab reports 3.02+0.14 4.00 £ 0.11
Maintain lab notebooks 291+ 0.14 435+ 0.12
Read journal articles 1.30 + 0.06 2.59 +0.11

FIG. 1.

Average frequency with which students engage in various activities in the lab courses (darker shading means more frequent

and values are means =+ standard errors). Instructors could select from never (1), rarely (2), sometimes (3), often (4), or always (5).

The final dataset included 134 first-year (FY) courses
and 94 beyond first-year (BFY) courses, including courses
from two- and four-year colleges and master’s- and Ph.D.-
granting institutions (Table I). We compare the number of
each institution type in the dataset relative to the national
numbers, which shows that we notably undersample two-
year and four-year institutions. We separated courses at the
FY and BFY levels due to differences in student popula-
tions: FY-level courses have students with a range of majors
and BFY-level courses typically have majority physics
majors. The different student populations typically moti-
vate different goals, course sizes, number and types of
instructional staff, and course structure.

We summarized the courses’ basic characteristics by
plotting distributions and calculating descriptive statistics.
Figure 1 shows the average frequency with which FY- and
BFY-level courses had students engage in various instruc-
tional activities. Table I shows the number of courses from
different types of institutions and the average personnel and
time spent in lab.

TABLE I. Summary details about the courses at the first-year
and beyond first-year levels included in the dataset.

No. courses No. institutions®
Institution-type FY BFY Dataset ~ Nationally
2-year college 14 1 14 1063
4-year college 50 38 57 503
Master’s granting 8 12 13 57
Ph.D. granting 62 43 46 201
Average no. personnel (SD) FY BFY
Students per course 178 (263) 31 47)
Students per section 23 (23) 15 (11)
Instructional staff per section 1.5 (0.8) 1.94 (1.4)
Average time in lab per week (SD)
Scheduled” 2.56 (0.14) 3.48 (1.59)
Unscheduled 0.72 (0.43) 1.80 (3.00)

*The number of institutions nationally were retrieved from AIP
statistics [77,78].
An outlying data point of 35 h was removed from the dataset.
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We performed a factor analysis to aggregate the res-
ponses to the pedagogy questions about the frequency with
which students engage in various types of activities in each
lab course. We first performed a confirmatory factor
analysis using the categories assigned to each item by
the creators of the E-CLASS (the first column in Fig. 1). We
excluded the “type of investigation” questions (i.e., what
experiments students conducted), as these differed concep-
tually from the subsequent items (i.e., how students
conduced experiments). The confirmatory factor analysis
was not a good fit to the data according to standard
quantitative fit statistics. Thus, we next performed an
exploratory factor analysis, which indicated that a five-
factor model was best fitting to the data (as per the “elbow”
in a scree plot). The factor structure was quite similar to the
predefined model used in the confirmatory analysis, but
indicated that several of the items did not fit the factor
structure (namely, “work in groups with other students,”
“refine system to reduce uncertainty,” and “calibrate
measurement tools”). We then used a confirmatory factor
analysis with the model recommended from the exploratory
factor analysis, but this did not converge. Inspection of the
raw distributions indicated that the communication items
deviated significantly from Gaussian and two of the factors
had only two items, which we believe resulted in the
convergence issues. In the final analysis, we used a two-
factor structure using the items that consistently factored
together throughout the analysis.

The items associated with each factor are shown in
Table II along with their factor loadings. We named the two
factors “agency” and “modeling,” respectively, based on
the original rough categorization. The fit statistics indicate
that the model was a good fit to the data: the Tucker Lewis
index was 0.982 (> 0.90 satisfactory), the comparative fit
index was 0.986 (> 0.90 satisfactory), the root mean square
error of approximation was 0.096 (< 0.08 acceptable), and
the standardized root mean square of the residuals was
0.074 (< 0.08 acceptable). All fit statistics were improved
in the final model over the previous models.

TABLEII.
items related to student agency and modeling.

The final factor analysis aggregated the pedagogy
items into two factors: one describing student agency
(e.g., frequency with which students developed their own
research questions or designed their own procedures) and
one describing quantitative and conceptual modeling
practices (e.g., frequency with which students developed
mathematical or conceptual models, respectively, for the
physical or measurement systems). In the results, we
show the distribution of responses for these two factors
and compare between FY- and BFY-level courses with
various instructional goals. Factor scores are calculated
using the final model from the factor analysis, where
each course’s factor score is a linear combination of their
values for each variable in that factor, weighted by each
variables factor loading. The factor scores are normalized
to have mean equal to zero and standard deviation equal
to one, relative to the whole population. We then
performed a regression analysis to compare the factor
scores according to lab purpose (whether to reinforce
concepts, develop skills, or do both), course level (either
FY or BFY), and an interaction between lab purpose and
course level.

IV. RESULTS

We summarize the analysis of the CIS responses in
several subcategories.

A. Course organization

The basic organization of the lab courses varied widely.
The number of students in each course ranged from 2 to
2000 students. The average number of students in each
course was 178 263 at the FY level and 31 =47 at the
BFY level (means + standard deviation). The number of
students per section was typically between 10 and 50
students, with one to two instructional staff per section. FY-
level lab sessions were typically 2 or 3 h in length, while
BFY-level lab sessions ranged from 3 to 6 h.

Factor loadings for the two-factor confirmatory factor analysis to aggregate responses to the frequency

Factor Item Factor loading

Agency Develop their own research questions 0.800
Design their own procedures 0.897
Build their own apparatus 0.768
Choose their own analysis methods 0.800
Troubleshoot problems with the setup or apparatus 0.683
Refine system to reduce uncertainty 0.720

Modeling Develop mathematical models for the system being studied 0.842
Develop conceptual models for the system being studied 0.781
Develop mathematical models for the measurement tools being used 0.859
Develop conceptual models for the measurement tools being used 0.791
Use mathematical or conceptual models to make predictions 0.563

020162-4



INVESTIGATING THE LANDSCAPE OF PHYSICS ...

PHYS. REV. PHYS. EDUC. RES. 16, 020162 (2020)

B. Course goals

Nearly half the FY-level courses (46%) aimed to both
develop lab skills and reinforce physics concepts, 20%
aimed to exclusively reinforce concepts, and 34% aimed to
exclusively develop lab skills. At the BFY level, in contrast,
over half the courses (53%) in the dataset aimed to
exclusively develop lab skills, while the other half aimed
to both develop lab skills and reinforce concepts (44%).
Only three BFY-level courses in the dataset aimed to
exclusively reinforce physics concepts.

The courses at different levels and with different lab
goals also differed in their use of guided or open-ended
investigations (Fig. 2). At the FY level, very few of the
courses involved multiple weeks of open-ended activities or
projects. In fact, almost 90% of the FY-level classes that
aimed to exclusively reinforce concepts or to both develop
lab skills and reinforce concepts had zero weeks of
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FIG. 2. Number of weeks spent in FY- and BFY-level courses
on guided lab activities or open-ended lab activities. Courses are
also split out by the course goal (i.e., primary purpose).
Instructors may have spent a single week on both guided and
unguided activities, so we included only the raw data rather than
normalizing by the total number of weeks.

open-ended investigations. FY-level labs aiming to exclu-
sively develop skills were much more varied in their use of
guided and open-ended activities. Similar patterns emerged
in the BFY-level courses, though approximately one-third
of the BFY-level courses aiming to exclusively develop
skills included open-ended activities or projects in at least
five of the class weeks. Only 36% of the BFY-level courses
that aimed to both develop lab skills and reinforce physics
concepts had zero weeks of open-ended investigations
(compared to 90% at the FY level).

The types of investigations students pursued also aligned
with the lab goal. Of the labs aiming to exclusively
reinforce physics concepts, over 90% (all but two) always
or often used investigations to verify known physical
principles. Only 20% of the labs aiming to exclusively
reinforce physics concepts (6 courses) always or often used
investigations where students explored questions to which
the answers were unknown. Labs aiming to exclusively

-2 \_

b
>4

-2
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L
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w

Number of Courses

Course Level FY BFY

FIG. 3. Distribution of scores on the agency and modeling
factors for courses broken out by course level and course goal.
Higher factor scores indicate more frequent use of the items
loaded on to that factor. The horizontal black lines indicate the
means of each distribution.
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TABLE III.

Post hoc pairwise comparisons between course levels and purposes on each of the items on the agency and modeling

factors. Note that the small number of BFY-level courses exclusively aiming to reinforce concepts make these comparisons unreliable

[indicated with the question marks above the (in)equalities].

Factor Item

FY level BFY level

Agency Develop their own research questions
Design their own procedures
Build their own apparatus
Choose their own analysis methods
Troubleshoot problems with the setup or apparatus
Refine system to reduce uncertainty

Modeling Develop mathematical models for the system being studied
Develop conceptual models for the system being studied

Skills > Both = Concepts Skills > Both,>iC0ncepts
Skills > Both = Concepts Skills > Both>Concepts
Skills > Both = Concepts Skills > Both>Concepts
Skills > Both = Concepts Skills > Both>Concepts
Skills > Both > Concepts Skills > Both>Concepts
Skills > Both > Concepts Skills > Both>Concepts

Skills > Both > Concepts Skills = Both%Concepts
Skills = Both > Concept Skills = Both=Concepts

Develop mathematical models for the measurement tools being used Skills > Both > Concepts Skills = Both>Concepts

Develop conceptual models for the measurement tools being used
Use mathematical or conceptual models to make predictions

Skills = Both > Concepts Skills = Both>Concepts
Skills = Both > Concepts Skills = Both>Concepts

develop lab skills were divided according to how frequently
they used investigations to verify known physical principles
(30% indicating rarely or never, sometimes, or often or
always). In contrast, about 67% of skills-based labs always
or often used investigations where the answers were
unknown to students. For labs that aimed to both reinforce
concepts and develop lab skills, 70% always or often used
investigations to verify known principles and 35% always
or often used investigations where the answers were
unknown to students.

C. Course pedagogies

Figure 1 shows the average frequency with which
students engaged in various lab activities, where higher
averages (also indicated by darker shading) refer to more
frequent use in the course. Compared to FY-level courses,
courses at the BFY-level reported more frequently

incorporating all of the activities than FY-level courses
(all means are higher in BFY-level courses than FY-level
courses). Notably, nearly all courses at the BFY-level
always or often involved uncertainty analysis activities,
and BFY-level courses more frequently used communica-
tion activities. FY-level courses indicated very little expo-
sure to reading scientific journal articles or giving oral
presentations. Interfacing with computers, using computers
to analyze data, and working in groups were common at
both course levels.

To understand the differences between the items in the
agency and modeling factors, we use the aggregated scores
from the factor analysis. Figure 3 displays violin plots for
the factor scores on the y axis, where a higher score
represents more frequent engagement in the activities in
that factor. The violin plot shows the approximate (unnor-
malized, but smoothed) histogram for each subset of the

TABLE IV. Regression table indicating effect sizes (and standard errors) for factor scores as a function of course variables.
Comparison levels (encoded as 1) are estimated relative to the reference group (FY-level courses aiming to both develop skills and
reinforce concepts). Multiple R? is approximately the percent variance explained by the model and the adjusted R? is adjusted for the
number of predictors in the model. The Akaike information criterion (AIC) and Bayesion information criterion (BIC) are fit indices
using maximum likelihood estimates that penalize for model complexity (BIC more so than AIC).

Variable (comparison level) Agency factor Modeling factor

Intercept -0.51(0.09)"" -0.23(0.11)"
Purpose (Reinforce concepts) —0.43(0.17)" -0.54(0.20)"
Purpose (Develop skills) 1.20(0.14)"" 0.35(0.17)
Course level (BFY) 0.47(0.14)" 0.54(0.17)"
Purpose (reinforce concepts): Course level (BFY) —0.54(0.46) —0.20(0.55)
Purpose (develop skills): Course level (BFY) —0.56(0.21)" —0.31(0.25)
Multiple R2 0.42 0.17
Adjusted R? 0.41 0.14
AIC 505 584
BIC 529 608

*p < 0.05.

#5p < 0.01.

k5 < 0,001,
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data (with FY-level courses on the left and BFY-level
courses on the right), with the mean plotted within each
distribution.

From Fig. 3, we see that BFY-level courses had higher
factor scores on both the agency and modeling factors than
FY-level courses overall. Furthermore, courses aiming to
exclusively develop lab skills more often included activities
that afforded student agency and that incorporated model-
ing activities as compared to courses aiming to exclusively
reinforce physics concepts. This trend was the same for
both FY- and BFY-level courses and confirmed through
ordinary least-squares regression (Table IV). Post hoc
comparisons found that no individual items were respon-
sible for these trends (Table III).

We find that at the FY level courses aiming to both
reinforce concepts and develop lab skills behaved more
similarly to courses aiming to exclusively reinforce con-
cepts in terms of agency and quantitative modeling, but
more similarly to courses aiming to exclusively develop lab
skills in terms of conceptual modeling. The outcomes of
these comparisons are summarized in Table III. Too few
BFY-level courses aimed to exclusively reinforce concepts,
making those comparisons unreliable.

The results of the regression analysis are in Table I'V.

V. DISCUSSION

From the analysis of the CIS dataset for the E-CLASS
and the PLIC, we have provided a glimpse of the landscape
of lab instruction across North America. The results show
that the impacts of lab instruction are far reaching,
involving thousands of students each semester. The number
of unique classes in our sample (over 200 from a diverse
range of institutions) demonstrates, simply by opting to run
the E-CLASS or PLIC in their classes, that a large number
of instructors and institutions are critically evaluating their
lab instruction.

The results also indicate that lab instruction is hetero-
geneous across institutions, both in terms of the goals and
pedagogies. While many courses at both levels aimed to
develop lab skills, most FY-level courses aimed to reinforce
concepts, though often in addition to teaching skills. This
may be an underestimate given that the sample likely skews
to courses aiming to teach experimentation skills over
concepts (because the data came from instructors interested
in evaluating their labs based on students’ skills and
attitudes towards experimental physics, rather than con-
ceptual understanding).

The goals of the courses were closely related to the
structure of the activities and the types of investigations
students pursued. Courses aiming to reinforce physics
concepts (including when also aiming to develop lab skills)
were more likely to conduct investigations to verify known
physical principles, while labs exclusively aiming to develop
lab skills were more likely to conduct experiments where
outcomes were unknown to the students. The majority of the

lab courses at the FY level were heavily guided with little
use of open-ended investigations. FY-level labs that aimed to
reinforce concepts (including when also aiming to develop
lab skills) were almost exclusively guided, with no time on
open-ended activities. BFY-level courses were generally
more varied in their structure, but still included many weeks
of guided activities.

We also saw that labs aiming to develop lab skills
included more frequent use of activities that afforded
students agency and engaged students in modeling com-
pared with labs aiming to reinforce concepts, regardless of
the course level. BFY-level courses, in general, included
more frequent use of activities that afforded agency and
engaged in modeling compared with FY-level courses.
Item-by-item comparisons indicated that no individual
items contributed to these results in particular. They
suggest, however, that BFY-level courses aiming to both
develop lab skills and reinforce concepts are similar to
courses aiming to exclusively develop lab skills (particu-
larly on modeling items). In contrast, FY-level courses
aiming to both develop lab skills and reinforce concepts are
more similar to courses aiming to exclusively reinforce
concepts on agency items, but more similar to courses
aiming to exclusively develop lab skills on modeling items.

As already identified, the data are primarily limited by
the nature of the data sources. While the CIS data from the
E-CLASS and PLIC were a convenient and relatively broad
data source, they still represent a select sample of instruc-
tional labs run by instructors interested in evaluating their
instruction through experimentation-focused surveys (as
opposed to conceptual physics surveys). The data are also
made up of self-report responses, which may or may not
accurately reflect the structure and pedagogy of the courses.
Obtaining more precise and accurate data would have been
impractical for such a large dataset, but the observations
here motivate more detailed analyses in the future (e.g.,
analysis of lab course syllabi or instructional materials).

Despite these limitations, the results present a baseline
for understanding the landscape of lab instruction in North
America, from which researchers and administrators can
motivate large-scale changes. As described in the intro-
duction, more attention has been paid to physics lab
instruction in the PER literature, particularly related to
developing student skills and exploring issues of gender
and equity. Researchers can use these results to situate their
studies in the national landscape or to identify possible
variables worthy of study. For example, given that the
different lab goals align with different types of pedagogies,
how might we distinguish the role of the instructional
activities from the overarching learning objects in exploring
student learning? Or, given that different pedagogies are
employed at different course levels, what forms of agency
and modeling are appropriate for students at each level?

The heterogeneity we observe of the labs (consistent
with lack of consensus goals and pedagogy previously
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reported [7,79]) is an important variable to consider in
institutional change efforts. Historically, lab instruction has
often been reformed on a course-by-course or institution-
by-institution basis [80]. Without a broad perspective, such
changes do not become widespread. We hope that the
analysis presented here will help support national, coordi-
nated, and coherent movements to change lab instruction
that recognizes the existing status quo.
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