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Teaching strategies predict instructors’ perceptions of their effectiveness
in engaging students in introductory physics for life sciences courses

Ellen Altermatt ,1 Raluca Teodorescu,2 and Ellen R. Iverson'

'Science Education Resource Center (SERC), Carleton College, Northfield, Minnesota 55057, USA
*Science, Engineering and Technology Unit, Montgomery College, Takoma Park, Maryland 20912, USA

® (Received 2 May 2021; accepted 9 September 2021; published 8 November 2021)

Introductory physics for life sciences (IPLS) courses have emerged as a type of physics course
within the introductory courses sequence. The interdisciplinary aspects of these courses as well as the
diverse student populations that they serve create significant challenges for instructors who
choose to design and deliver them. The Living Physics Portal is a collaborative project, funded by
the National Science Foundation, that is designed to support instructors involved in teaching IPLS
courses. As part of the project, a survey was administered to document current pedagogical beliefs and
practices in teaching IPLS courses. On this survey, 383 instructors (out of 762 respondents) reported that
they had taught an IPLS course in the past two years. We analyzed instructor perceptions about the
effectiveness of their IPLS courses in engaging students and examined predictors of differences in their
perceived course effectiveness. Descriptive statistics showed that there is considerable variability in
instructors’ perceptions of the degree to which their courses are effective in engaging students.
Hierarchical linear regression analyses identified self-reported teaching strategies as independent
predictors of perceived course effectiveness, even after controlling for prior teaching experience and
community of practice self-perceptions. We present our results and discuss implications for the IPLS

community.
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I. INTRODUCTION

Over the last decade, introductory physics for life
sciences (IPLS) courses have emerged as a type of physics
course within the introductory physics courses sequence
[1-3]. These courses answer national calls to reform
physics instruction to better equip future physicians,
biologists, or health-care professionals in physics princi-
ples, theoretical relationships involving experiments and
modeling, and the behavior of dynamical systems [4-8].
Such courses focus on developing scientific competencies,
such as quantitative principles and models that rely on
physical techniques [6] in interdisciplinary contexts [9,10].
As compared with other kinds of physics courses, the
design of IPLS courses is challenging due to the diversity of
life sciences fields that could be addressed including
molecular biology, pharmacology, medicine, ecology, evo-
Iutionary biology, physical therapy, occupational therapy,
and exercise physiology. The physics instruction needed by
these fields, taken collectively, is far beyond what can be
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taught in a one-year course [6,11]. Thus, it is not possible to
create one course that would satisfy the needs of all life
sciences students. Instructors are challenged to design
physics courses tailored to the needs of their specific life
sciences student population.

In 2014, the American Association of Physics Teachers
(AAPT), with support from the National Science
Foundation (NSF), organized a conference that brought
together instructors teaching IPLS courses to discuss
content and teaching strategies and to make recommenda-
tions related to IPLS courses. Among the nine recommen-
dations, the executive summary of the conference report
[11] lists the following two that are critical to this study:

e IPLS courses should be based on best pedagogical

practices, and

e Reform work should be supported via an online

database of IPLS curricular resources and assess-
ments, and an online community that supports IPLS
instructors should be created.

The Living Physics Portal [12] was designed to address
these recommendations by creating an online, open-source,
peer-reviewed, and innovatively structured environment for
developing and disseminating instructional materials for
IPLS courses. It was developed with NSF support, and it is
a collaboration between nine colleges and universities and
the AAPT. The Living Physics Portal allows contributors to
submit their work for peer review, evaluation, and inclusion

Published by the American Physical Society
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and serves as both a curricular library and a dissemination
site. It includes a course-building interface that allows
instructors to create innovative and individualized courses
adapted to their needs, mixing and matching from multiple
sources. This portal facilitates professional development,
helping faculty to learn how to use the portal and its
materials and to contribute to it through documents,
workshops, interactive communities, and social networks.
It is informed by research on (i) usability testing, (ii) course
design, and (iii) professional development.

A. Teaching strategies and student engagement

The current study was designed to support Living
Physics Portal project leaders and the broader IPLS and
physics education research (PER) communities by
improving our understanding of how teaching strategies
impact student engagement in IPLS courses. There is
ample evidence that student engagement in the classroom
is essential in supporting student performance [13-15]
and physics educators have been among the pioneers in
designing, adopting, and adapting learning strategies and
environments to foster engagement by shifting from
instructor-centered instruction to student-centered instruc-
tion [16-20]. Importantly, however, the research on
student engagement in the context of IPLS courses is
still in its infancy. Previous research focusing on students’
perspectives on their engagement found that students
engage more deeply with environments that foster a sense
of coherence or have personal meaning to them [21]. Our
study contributes to this nascent body of work on student
engagement in IPLS courses by examining the impact of
specific lab and lecture teaching strategies on instructors’
perceptions of the effectiveness of their courses in
engaging students majoring in life science disciplines.
The lab and lecture teaching strategies that are the focus of
this study were identified in collaboration with Living
Physics Portal project leaders. Additionally, these strat-
egies align with those reported on a survey administered
prior to the Conference on Introductory Physics for the
Life Sciences [11], (p. 33). Notably from the pre-
conference survey, some attendees who planned to teach
an IPLS course in the future stated that they wanted to
learn more about “what has worked or not worked” [11],
(p- 34). The current study begins to address this call by
examining instructors’ perceptions of effective teaching
strategies.

B. Research questions

Our study was guided by four research questions:

RQ1. What teaching strategies are instructors
using in the lab and “lecture” portions of their IPLS
courses?

RQ2. To what degree do instructors believe that their
introductory physics courses, as currently taught, are

effective in engaging students majoring in life science
disciplines?

RQ3. Do instructors’ self-reported teaching strategies in
the lab portions of their courses predict their perceived
course effectiveness in engaging students?

RQ4. Do instructors’ self-reported teaching strategies in
the “lecture” portions of their courses predict per-
ceived course effectiveness in engaging students?

Importantly, the survey relied on instructors’ self-
reported teaching strategies and own interpretations of
student engagement. As discussed in the limitations
section of this article, we acknowledge that different
instructors might interpret the word “engagement” differ-
ently. Likewise, instructors’ self-reports of their teaching
strategies may differ from actual strategies and instruc-
tors’ perceptions of student engagement may differ from
student perceptions of their own engagement.

Although future work will be important in validating
instructors’ perceptions (by, for example, determining
whether instructor perceptions of effectiveness correlate
with students’ or outside observers’ perceptions of effec-
tiveness and engagement), the current study is important
in its own right given ample evidence that instructor
beliefs are associated with teaching practices and, in turn,
student outcomes [22,23]. For example, when instructors
report high levels of teaching self-efficacy, they report
being more committed to teaching, more likely to engage
with unfamiliar topics, more willing to learn about and
experiment with new pedagogical methods to better
meet the needs of their students, and more inclined to
spend time working closely with struggling students [24].
These characteristics are, in turn, associated with moti-
vation to improve teaching [25,26] and student academic
adjustment [23].

II. METHODS

A. The survey

In 2019, Living Physics Portal project leaders and the
authors collaboratively designed an online survey for
physics faculty to document current pedagogical beliefs
and teaching practices in IPLS courses. The survey was
informed by the Conference on Introductory Physics for the
Life Sciences Report [11] and consisted of 24 items,
divided into three sections:

1) Instructional responsibilities

2) Perspectives on teaching physics to life science

students

3) Demographics

After providing informed consent, all survey participants
were asked to respond to items related to instructional
responsibilities and demographics. Items in the first section
served as conditional branching for items in the second
section such that items in the second section were only
presented to faculty who reported teaching an introductory
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physics course in which a “substantial portion of the
enrolled students are majoring in life science disciplines
(e.g., biology and pre-health).” The third section was a
stand-alone section.

Within the first and second sections, respondents were
asked to

* indicate their level of prior teaching experience,

e rate their self-perceptions of belongingness to a

community of practice,

e report on their teaching strategies for the lab and

“lecture” portions of their courses, and

e rate the perceived effectiveness of their course in

engaging students majoring in life science disciplines.

Items that are the focus of the current study are
described briefly here. The full survey is included in the
Supplemental Material [27].

Teaching experience.—Survey respondents were asked
to indicate their level of prior experience teaching IPLS
courses by responding to a single item (i.e., “During how
many academic terms have you taught an introductory
physics course in which a substantial portion of the enrolled
students are majoring in life science disciplines?”).
Respondents used a six-point scale ranging from 1
(“one™) to 6 (“six or more”).

Self-perceptions of belongingness to a community of
practice—Survey respondents were asked to indicate
their self-perceptions of belonginess to a community of
practice by responding to a single item (i.e., “To what
extent do you feel you are a part of a community of faculty
who are working to reform how introductory physics is
taught to students who are majoring in life science
disciplines?”). Respondents used a five-point scale where
1 = “notatall”, 2 = “alittle”, 3 = “amoderate amount”,
4 = “alot”, and 5 = “agreatdeal”.

Teaching strategies in lab portion of course.—Survey
respondents were asked to report on the teaching
strategies they used in the lab portion of their
courses by indicating the frequency with which
they used three instructional approaches in their intro-
ductory physics course with substantial life science
enrollment:

1) ask students to design their own experiments

2) employ instructional techniques that are in-

quiry based

3) select activities that are relevant to life science

disciplines (e.g., biology and health).

Respondents used a five-point scale where 1 = “never”,
2 = “rarely”, 3 = “abouthalf thetime”, 4 = “innearly
every lab”, and 5 = “inevery lab”.

Teaching strategies in lecture portion of course.—
Survey respondents were asked to report on the teaching
strategies they used in the lecture portion of their courses by
indicating the frequency with which they used six instruc-
tional approaches in their introductory physics course with
substantial life science enrollment:

1) employ instructional techniques that promote active
learning (e.g., small group discussions; in-class
exercises)

2) explicitly address the anxiety that students may have
about physics courses

3) avoid mathematically sophisticated examples or
problems (e.g., those that require calculus)

4) include planned or “just-in-time” mathematics
instruction

5) connect course materials to “real-world” issues

6) cover topics that are relevant to life science disci-
plines (e.g., biology and health).

Respondents used a five-point scale where 1 = “never”,
2 = “rarely”, 3 = “abouthalf thetime”, 4 = “innearly
everyclass”, and 5 = “ineveryclass”. Lecture was
included in quotation marks to be inclusive of respondents
who use active learning in their courses.

Perceived course effectiveness.—Survey respondents
were asked to rate the perceived effectiveness of their
course in engaging students majoring in life science
disciplines by responding to a single item (i.e., “To what
degree do you believe your introductory physics
course, as currently taught, is effective in engaging students
majoring in life science disciplines?”). Respondents
used a five-point scale where 1 = “noteffectiveatall”,
2 = “slightly effective”, 3 = “moderately effective”, 4 =
“very effective”, and 5 = “extremely effective”.

In October 2019, AAPT administered the survey by
distributing unique survey links via email to five groups of
participants:

* members of the Division of Biological Physics

(DBIO) of the American Physical Society (APS)
(n =2193)

¢ members of the Forum on Education (FEd) division of
the American Physical Society (APS) (n = 4308)

* members of the American Association of Physics
Teachers (AAPT) (n = 2913)

* individuals who had participated in events (e.g.,
workshops) related to the development of the Living
Physics Portal website or who had registered for the
website (n = 458)

* college and university faculty who were identified as
department chairs by the American Institute of
Physics (AIP) (n = 755). Department chairs were
asked to distribute the survey link to members of
their department. The number of faculty who re-
ceived a link to the survey using this method is
unknown.

The survey remained open for approximately three

weeks.

B. Participants

A total of 762 instructors completed the survey. As
shown in Fig. 1, the number of participants varied by
distribution group, with participants who responded to the
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FIG. 1.

survey link sent to AAPT members comprising 38% of the
sample. Response rates are included in parentheses, but
these rates should be interpreted with some caution as there
was overlap in the memberships of the five groups. For
example, many AAPT members are also members of the
Forum on Education (FEd) division of the American
Physical Society.

The majority of respondents (94%) reported
teaching at a four-year college or university that offered
baccalaureate (41%), master’s (10%), or doctoral (43%)
degrees. The majority (73%) also reported holding the
rank of assistant professor (15%), associate professor
(22%), or professor (36%). Most respondents (88%)
reported regularly teaching in a physics department.
The majority of respondents were male (71%) and
White (74%). These demographic data are consistent with
those reported by the American Association of Physics
Teachers (AAPT) and the American Physical Society
(APS).!

Preliminary analyses of survey data indicated
that 50% of the full sample (i.e., 383 of 762 respondents)
reported that they had, in the past two years, taught an
introductory physics course in which a “substantial
portion of the enrolled students are majoring in life
science disciplines (e.g., biology and pre-health).”
Given the goal of the current study to focus on
predictors of perceived effectiveness of these courses,
all subsequent analyses are limited to this subsample of
383 participants.

'As noted in the 2017 Report on Supporting and Enhancing
Diversity and Inclusiveness, among AAPT members who re-
ported on their gender (32%), 78.1% identified as male. Among
AAPT members who reported on their race or ethnicity (27%),
85.6% identified as White. In a 2019 membership unit profile
report, among DBIO and FEd members who reported on their
gender, 71.4% of DBIO members and 78.7% of FEd members
identified as male.

150 200 250 300 350

[ — 180 (4%)

. 239 (10%)

I 178 (unknown)

Number of participants who completed the survey and response rates by distribution group.

C. Analysis plan

Descriptive statistics (e.g., means, standard deviations)
were used to answer the first two research questions.
Hierarchical linear regression analyses were used to
answer the third and fourth research questions.2
Hierarchical linear regression is a form of multiple linear
regression. Multiple linear regression is a statistical
technique that attempts to model the relationship between
two or more predictor variables and an outcome variable.
Hierarchical linear regression extends the principles of
multiple linear regression by building and comparing
successive linear regression models, each with more
predictors. At each step in the model an R? value is
produced that indicates the proportion of the variance in
the outcome variable (here, perceived course effective-
ness) that is explained by the predictor variables after
holding other predictors in the model constant.” R? values
can be compared across steps to determine whether the
addition of new predictor variables leads to a statistically
significant improvement in the model’s ability to predict
the outcome variable.

As a precursor to the hierarchical linear regression
analyses, bivariate correlations were examined among
all survey items to identify potential predictors and
confounding variables. These analyses indicated that
instructors’ self-reported teaching experience and self-
perceptions of belongingness to a community of practice
were correlated with both teaching strategies and effec-
tiveness ratings. As a result, these variables were included

These approaches were chosen given evidence that
parametric tests are robust—and may, in fact, be more robust
than non-parametric tests—for Likert scale data [28—30]. Non-
parametric versions of these analysis procedures yielded similar
findings.

3R2 values can range from O to 1. In the behavioral sciences, R?
values of 0.02, 0.13, and 0.26 are considered “small,” “medium,”
and “large” respectively [31].
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TABLE I. Descriptive statistics for predictor variables.

Predictor variable n Range of responses Mean (SD)
1. Teaching experience 381 1-6 4.95 (1.71)
2. Self-perceptions of belongingness to community of practice 355 1-5 2.47 (1.20)
3a. Teaching strategies in lab portion of course

Students design experiments 331 1-5 2.01 (0.99)
Instruction is inquiry-based 331 1-5 3.33 (1.25)
Activities are relevant to life science disciplines 331 1-5 2.38 (1.00)
3b. Teaching strategies in lecture portion of course

Instruction promotes active learning 358 1-5 4.04 (1.13)
Instructor addresses anxiety about physics courses 357 1-5 3.04 (1.03)
Instructor avoids mathematically sophisticated examples or problems 358 1-5 3.75 (1.18)
Planned or just-in-time mathematics instruction is included 356 1-5 2.85 (1.11)
Course materials connect to real-world issues 357 1-5 3.59 (0.89)
Topics are relevant to life science disciplines 358 1-5 2.98 (0.93)
as predictors in step 1 and step 2 of the models, (with the mean rating between “about half the

respectively. At step 1, the models examine the indepen-
dent effect of teaching experience on perceived course
effectiveness. At step 2, the models examine the effect of
community of practice beliefs on perceived course effec-
tiveness after controlling for the effect of teaching
experience. Teaching strategies were entered at step 3.
This approach allows us to determine whether teaching
strategies predict perceived course effectiveness over and
above (i.e., after controlling for) the effects of teaching
experience and self-perceptions of belongingness to a
community of practice.

III. RESULTS

RQI1. What teaching strategies are instructors using in
the lab and lecture portions of their IPLS courses?

In Table I, we present descriptive statistics for all the
predictor variables used in this study: teaching experi-
ence, self-perceptions of belongingness to community of
practice, and teaching strategies used in the lab and
lecture portion of the course. N’s vary because some
respondents failed to answer some questions and because
24 respondents indicated that their introductory physics
course did not have a lab.

On average, respondents reported that they had
taught an introductory physics course in which a
substantial portion of the enrolled students were
majoring in life science disciplines for nearly five terms.
As group, however, respondents indicated they felt only
“a little” or “a moderate amount” that they were part of a
community of faculty who are working to reform how
introductory physics is taught to students who are
majoring in life science disciplines. In the lab portion
of their courses, respondents reported that they were
most likely to provide inquiry-based instruction

time” and “in nearly every lab”) and least likely
to ask students to design their own experiments
(with the mean rating nearest to rarely). In the lecture
portion of courses, respondents were most likely to
indicate that they provided instruction that promoted
active learning (with the mean rating nearest to “in nearly
every class”). They were least likely to report that they
included planned or “just-in-time” mathematics instruc-
tion (with the mean rating between rarely and about half
the time).

RQ2. To what degree do instructors believe that their
introductory physics courses, as currently taught, are
effective in engaging students majoring in life science
disciplines?

As shown in Fig. 2, although nearly half of participants
viewed their course as “moderately effective,” there was
considerable variability in respondents’ ratings (mean =
3.29, SD =0.85, n = 363), with 38% percent of the
sample rating their course as “very effective” or “extremely
effective,” and 14% rating their course as “slightly effec-
tive” or “not effective at all.”

From Table I, it is evident that inquiry is a
predominant teaching strategy in the lab portion of many
IPLS courses while active learning is a predominant
teaching strategy in the lecture portion of many IPLS
courses. Because both of these teaching strategies rely
heavily on students’ engagement, we used hierarchical
linear regression to better understand whether differences
in self-reported teaching strategies might help to explain
some of the variability in instructors’ perceptions of
engaging students majoring in life sciences disciplines
in their IPLS courses.

RQ3. Do instructors’ self-reported teaching strategies in
the lab portions of their courses predict their perceived
course effectiveness in engaging students?

020133-5
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FIG. 2. Frequency distribution of perceived course effectiveness in engaging students majoring in life science disciplines.

design_experiments I I

inquiry_based_instruction

I I relevant_activities

51 S8 %° o
o"‘o".

effectiveness

-
N
N
(&)]

FIG. 3.

To answer this question, we, first, visualized the data by
plotting response values for each of the laboratory teach-
ing strategy variables on the x axis (where 1 = “never”
and 5 = “inevery class”) and perceived course effective-
ness in engaging students majoring in life science dis-
ciplines on the y axis (where 1 = “noteffective at all” and
5 = “extremely effective”). A small amount of random
“noise” was added to each of the data points using the
“jitter” function in R to avoid overplotting.4 Linear

*Overplotting occurs when data or labels in a data visualization
overlap, making it difficult to see individual data points in a data
visualization. R’s jitter function adds a small amount of random
variation to the location of each point to reduce overlap. In Figs 3
and 4, darker dots indicate that there is more overlap of data
points; lighter dots indicate that there is less (or no) overlap of
data points.

value

Associations between laboratory teaching strategies and perceived course effectiveness in engaging students.

regression lines with a ribbon representing standard errors
are shown in blue. As shown in Fig. 3, all three laboratory
teaching strategies (i.e., students design experiments,
instruction is inquiry based, activities are relevant to life
science disciplines) showed positive linear associations
with perceived course effectiveness.

Hierarchical linear regression analyses were used to
explore these associations further. The outcome variable
was perceived course effectiveness. Predictor variables
were entered in steps. Specifically, teaching experience
was entered at step 1. Self-perceptions of belonginess to a
community of practice was entered at step 2. Self-
reported laboratory teaching strategies were entered at
step 3. Results are summarized in Table II.

As expected, when entered alone in step 1 of the model,
teaching experience predicted higher levels of perceived
course effectiveness, f = 0.14, #(325) =2.56, p < 0.01
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TABLE II. Summary of hierarchical regression analyses predicting perceived course effectiveness from teaching experience, self-
perceptions of belongingness to community of practice, and teaching strategies in lab portion of course.

Predictor variable Step 1 Step 2 Step 3
1. Teaching experience 0.14%%* 0.12* 0.13*
2. Self-perceptions of belongingness to community of practice 0.28%*%* 0.23%*%*
3a. Teaching strategies in lab portion of course

Students design experiments 0.00
Instruction is inquiry-based 0.10
Activities are relevant to life science disciplines 0.14%*
R? 0.02 0.10 0.14

R? change 0.02%* 0.08%** 0.04%*

Numbers represent standardized regressmn coefficients (fs)’ and, in the last two rows, R? values.

p <0.05 p<00l. "p<0.001]

[R? = 0.02, F(1,325) = 6.53, p < 0.01].> When added to
the model at step 2, self-perceptions of belongingness to a
community of practice also emerged as a significant,
positive predictor of perceived course -effectiveness,
B =028, 1(324) =5.22, p <0.001, and resulted in a
statistically significant, 8% increase in the model’s ability
to predict course effectiveness [R> change = 0.08,
F(1,324) =27.22 p < 0.001]. Instructors’ self-reported
teaching strategies in the lab portion of their course were
added at step 3. After controlling for the effects of other lab-
based teaching strategies, selecting activities that are
relevant to life science disciplines predicted higher per-
ceived course effectiveness, f =0.14, #(321) =2.48,
p < 0.01. Together, adding all three lab teaching strategies
to the model contributed to a statistically significant,
4% increase in the model’s ability to predict perceived
course effectiveness [R? change = 0.04, F(3,321) = 4.92,

*Hierarchical regression analyses produce regression coeffi-
cients that represent the degree of change in the outcome variable
for every one unit change in the predictor variable. When the
regression coefficients are standardized, they are often referred to
as standardized beta coefficients (f) and the unit of change is one
standard deviation. The value of f# can range from 0 to 1, with
larger beta coefficients indicating a stronger relationship between
the predictor and outcome variables. Because f’s are standard-
ized, they can be compared within a regression analysis to
determine which predictor variable has the strongest relationship
to the outcome variable. A ¢ test is used to determine whether the
standardlzed beta coefficient is significantly different from zero.

°R? values represent the percent of variance in the outcome
variable (here, perceived course effectiveness) that is explained
by the predictor variables. An F test is used to determine whether
R? change (i.e., the change in R? from one step to the next step) is
significantly different from zero.

"The p value for each standardized regression coefficient (/)
and R? change value tests the null hypothesis that each coefficient
or value is equal to zero (no effect). A low p value (typically
p < 0.05) indicates that the null hypothesis can be rejected.

¥Footnotes in Table II provide more information on how to
interpret these values.

6

p < 0.01]. These results indicate that the strategies instruc-
tors employ in the lab portions of their courses are
predictive of perceived course effectiveness, even after
controlling for other key predictors of perceived course
effectiveness (i.e., teaching experience and perceptions of
belongingness to a community of practice).

RQ4. Do instructors’ self-reported teaching strategies in
the lecture portions of their courses predict perceived
course effectiveness in engaging students?

To answer this research question, we first visualized the
data by plotting response values for each of the lecture
teaching strategy variables on the x axis (where 1 =
“never” and 5 = “inevery class”) and perceived course
effectiveness in engaging students majoring in life science
disciplines on the y axis (where 1 = noteffective atall and
5 = extremely effective). Again, a small amount of random
“noise” was added to each of the data points using the jitter
function in R to avoid overplotting. Linear regression lines
with a ribbon representing standard errors are shown
in blue.

As shown in Fig. 4, five of the six lecture teaching
strategies showed positive linear associations with per-
ceived course effectiveness, while one (i.e., instructor
avoids mathematically sophisticated examples or prob-
lems) showed a negative association with perceived course
effectiveness.

Hierarchical linear regression analyses were used to
explore these associations further. The outcome variable
was perceived course effectiveness. Predictor variables
were entered in steps. Specifically, teaching experience
was entered at step 1. Self-perceptions of belongingness to
a community of practice was entered at step 2. Self-reported
lecture teaching strategies were entered at step 3. Results
are summarized in Table IIL

As expected, when entered alone in step 1 of the model,
teaching experience predicted higher levels of perceived
course effectiveness, = 0.15, #(347) =2.79, p <0.01,
F(1, 347) = 7.80, p < 0.01]. When added to the model at
step 2, self-perceptions of belongingness to a community of
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FIG. 4. Associations between lecture teaching strategies and perceived course effectiveness in engaging students.

practice also emerged as a significant, positive predictor of  increase in the model’s ability to predict course effective-
perceived course effectiveness, f = 0.29, #(346) = 5.73,  ness [R?change = 0.09, F(1,346) = 32.88, p < 0.001].
p < 0.001, and resulted in a statistically significant, 9%  Instructors’ self-reported teaching strategies in the lecture

TABLEIIl. Summary of hierarchical regression analyses predicting perceived course effectiveness in engaging students from teaching
experience, self-perceptions of belongingness to community of practice, and teaching strategies in lecture portion of course.

Predictor variable Step 1 Step 2 Step 3
1. Teaching experience 0.15%%* 0.12% 0.10%
2. Self-perceptions of belongingness to community of practice 0.29%#%* 0.24%*%*
3b. Teaching strategies in lecture portion of course

Instruction promotes active learning 0.07
Instructor addresses anxiety about physics courses 0.13*
Instructor avoids mathematically-sophisticated examples or problems —0.10*
Planned or just-in-time mathematics instruction is included 0.00
Course materials connect to real-world issues 0.21%%*
Topics are relevant to life science disciplines 0.06

R? 0.02 0.11 0.22

R? change 0.02%* 0.09%##* 0.12%%*

Numbers represent standardized regression coefficients () and, in the last two rows, R? values.

" p<0.05 "p <001 " p < 0.001.
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portion of their course were added at step 3. After
controlling for the effects of other lecture-based teaching
strategies, explicitly addressing the anxiety that students
may have about physics courses, f = 0.13, #(340) = 2.24,
p < 0.05, and selecting activities that connect course
material to “real-world” issues, # = 0.21, #(343) = 3.67,
p < 0.001, both predicted higher levels of perceived course
effectiveness in engaging students. In contrast, avoiding
mathematically sophisticated examples or problems (e.g.,
those that require calculus), predicted lower levels of
perceived course effectiveness in engaging students,
B =0.10, 1(340) = 2.11, p < 0.05. Together, adding lec-
ture teaching strategies to the model contributed to a
statistically significant, 12% increase in the model’s ability
to predict perceived course effectiveness [R*>change =0.12,
F(1,340) = 8.53, p < 0.001]. These results indicate that
the strategies instructors employ in the lecture portions of
their courses are predictive of perceived course effective-
ness in engaging students, even after controlling for other
key predictors of perceived course effectiveness (i.e.,
teaching experience and perceptions of belongingness to
a community of practice).

IV. DISCUSSION

Designing and delivering IPLS courses that promote
student engagement is a challenging undertaking. Our
research—part of the Living Physics Portal project—
involves 383 instructors who reported that they had taught
an IPLS course in the past two years. We used descriptive
statistics and hierarchical regression analyses to analyze the
perceptions of these instructors about the effectiveness of
their IPLS courses in engaging students. The predictor
variables considered were as follows:

e teaching experience

* self-perceptions of belongingness to a community of

practice

e teaching strategies used in the lab portion of the course

e teaching strategies used in the lecture portion of the

course.

The results of our study suggest the following:

1. There is considerable variability on all study vari-
ables including perceived course effectiveness and
teaching strategies in both the lab and lecture
portions of classes. These findings suggest that
additional work needs to be done to ensure that
more instructors feel confident in their ability to
engage students majoring in life science disciplines
and to ensure that these instructors have the material
and personal resources and institutional support they
need to engage in effective course reform.

2. Instructors with more experience teaching introduc-
tory physics to students majoring in life science
disciplines are more confident that their course
effectively engages these students than instructors
with less experience. This finding may not be

020133-9

surprising, but does indicate that more experienced
instructors could be an important resource for
sharing effective curricular resources and pedagogi-
cal practices with the IPLS and broader PER
communities. That said, it is possible that more
experienced instructors are overestimating the ef-
fectiveness of their courses in engaging students in
life science courses. Likewise, it is likely that less
experienced instructors may be more open to and
able to share novel teaching strategies that are
equally or more effective. Future will work be
important in testing these propositions.

. Instructors who feel that they are part of a commu-

nity of practice focused on reforming how intro-
ductory physics is taught to students who are
majoring in life science disciplines are more con-
fident that their course effectively engages these
students than instructors who do not feel they are
part of this community or feel less a part of this
community. The community of practice effect is
relatively strong (accounting for an additional 7%—
8% of the variance in perceived course effectiveness
after controlling for the effects of teaching experi-
ence) suggesting that efforts to build a community of
practice through efforts like the Living Physics
Portal are critical.

. Instructors who report that they more frequently

select lab activities that are relevant to life science
disciplines (e.g., biology and health) are more
likely to indicate that their course effectively
engages students majoring in life science disci-
plines than instructors who less frequently select
these types of lab activities. Lab teaching strategies
accounted for 4% of the variance in perceived
course effectiveness beyond that explained by
teaching experience or perceptions of belonging-
ness to a community of practice. This finding is
consistent with prior work indicating that students
are more engaged when IPLS instructors make
interdisciplinary connections (see Ref. [21]) and
provides additional empirical evidence to support
efforts to reform the ways in which introductory
physics is taught to students majoring in life
science disciplines.

. Instructors who report that they more frequently

connect course materials to real-world issues and
who explicitly address the anxiety that students may
have about physics courses in the lecture portions of
their courses are more likely to indicate that their
course effectively engages students majoring in life
science disciplines than instructors who do so less
frequently. In contrast, avoiding mathematically
sophisticated examples or problems (e.g., those that
require calculus) predicted lower levels of perceived
course effectiveness. Lecture teaching strategies
accounted for 12% of the variance in perceived
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course effectiveness beyond that explained by teach-
ing experience or perceptions of belongingness to a
community of practice. The finding regarding the
importance of connecting course materials to real
world issues is consistent with prior research in-
dicating that students are more engaged when
instructors use examples students perceive as au-
thentic or that are otherwise personally meaningful
(see, for example, Ref. [21]). Likewise, the finding
regarding the importance of acknowledging stu-
dents’ anxiety is consistent with evidence that
science anxiety is widespread and associated with
negative outcomes (e.g., poorer academic perfor-
mance and career avoidance) and can sometimes be
mitigated with relatively modest interventions
[32,33]. Both findings are, moreover, consistent
with instructor and expert recommendations (see
Ref. [11]) and, together, provide additional empirical
evidence to support efforts to reform the ways in
which introductory physics is taught to students
majoring in life science disciplines. The finding that
avoiding mathematically-sophisticated examples or
problems predicted lower perceived course effec-
tiveness and the finding that other teaching strategies
(e.g., employing instructional techniques that pro-
mote active learning) did not independently predict
course effectiveness demonstrates the importance of
empirically testing propositions about the value of a
range of teaching strategies to determine best
practices. Empirical testing is especially important
given wide variations in instructor practices as seen
here and in other studies. For example, on a survey
administered to participants prior to the Conference
on Introductory Physics for the Life Sciences, just
over 50% of respondents indicated that IPLS
courses at their institution differed from courses
typically taken by physics majors by being less
mathematically sophisticated. Nearly half of
respondents, however, indicated that this was not
a difference, and more than 20% indicated that
IPLS courses at their institution required calculus
[11]. Future research will be important in under-
standing the conditions under which more math-
ematically-sophisticated courses can be effective
(see Ref. [34]).

Future work will be important in tracking changes in
IPLS teaching strategies, in student engagement in IPLS
courses (as perceived by both instructors and by students),
and in the associations between teaching strategies and
student engagement over time.

A. Limitations

One important limitation of the current study is that the
survey relied on instructors’ self-reported teaching strate-
gies in the lab and lecture portions of their courses. No data

were collected on students’ demographic characteristics.
Likewise, no data were collected on students’ perceptions
of the types of teaching strategies used by their instructors
or the effectiveness of these strategies. It is possible that
instructors were unable or unwilling to accurately judge or
report on their actual teaching strategies. Of particular
concern is that instructors might overestimate the degree
to which they use strategies that they deem to be indicative
of best practices. One piece of evidence that suggests that
this tendency may not be widespread is that there was
considerable variability in instructor reports, with mean
ratings for many strategies (e.g., students design experi-
ments) well below the scale midpoint. We believe that the
concepts of lab and lecture are well understood and agreed
upon by physics instructors despite the fact that, histor-
ically, they tend to be related to traditional teaching
methods. To be inclusive of instructors who follow
modern student-centered teaching methods (including
minilectures interspersed with hands-on activities), quo-
tation marks were used for the word lecture when the
survey was offered.

A second limitation of the current study is that the survey
relied on instructors’ perceptions of student engagement. It
is likely that instructors responded to the survey with
different notions of what engagement means. This pos-
sibility is supported by the vast literature on student
engagement which suggests that student engagement is
multifaceted and that there is no agreed-upon definition.
For instance, the 2016 Glossary of Education Reform
definition states:

“In education, student engagement refers to the degree
of attention, curiosity, interest, optimism, and passion
that students show when they are learning or being
taught, which extends to the level of motivation they
have to learn and progress in their education.”

Meanwhile, Bower [35] identifies four aspects of
student engagement: (a) with the process of learning,
(b) with the object of study, (c) with multidisciplinary
contexts, and (d) with social and civic contexts, and
Ashwin and McVitty [36] focus on degree of student
involvement. Future research will be important in under-
standing how both IPLS instructors and their students
conceptualize engagement in IPLS courses and in under-
standing whether any of the associations here reported
may be better explained by unmeasured or confounding
variables. For example, although instructors with more
experience teaching introductory physics to students
majoring in life science disciplines reported more con-
fidence that their course effectively engages these
students than instructors with less experience, it may be
the level of experience is confounded with commitment to
the teaching physics to nonscience majors or that level of
experience covaries with perceptions of what “engage-
ment” means.
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