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Open-ended responses
Answer the following questions

- Thave participated in PLTL during the previous semester
(y/m)
- If yes, then please respond to the following statement to the
best of your ability
o Compared to last semester, describe any differences
you feel writing reflections had on your PLTL
experience.
Describe any benefits you feel you experienced because of
completing reflections.
How, if at all, did the reflections contribute to your learning
of CHEM 1312 concepts?
What did you learn about yourself from completing the
reflections?
Please share any additional thoughts about the PLTL
reflections.
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Abstract

Abundant laboratory and classroom research demonstrate the
superior effectiveness of effortful learning strategies based on
cognitive science over re-reading, highlighting, and other strategies

more widely used by college students. However, persuading
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students to adopt and adhere to effective strategies is difficult. This
article outlines a novel, peer-to-peer intervention rooted in the
Knowledge, Belief, Commitment, and Planning theoretical
framework (McDaniel & Einstein, 2020) that emphasizes the need
for students to believe in, commit to, and plan to use effective
strategies rather than simply “know” them. Opportunities for
faculty and learning center personnel to incorporate elements of the
intervention into existing programming and adapt them to local

institutional needs are described.

Keywords: training learning strategies, peer-to-peer strategy
intervention, effective learning strategies, cognitive science,

metacognition, motivation, desirable difficulties

Coaching to Learn: Motivating Students to Adopt and Adapt
Effective Learning Strategies
Abundant research in laboratory settings and classrooms

demonstrates the superior effectiveness of learning strategies

based on cognitive science compared with passive techniques

more often used by college students, such as re-reading,
highlighting, or reviewing problems alongside step-by-step
solutions (Dunlosky et al., 2013; Fiorella & Mayer, 2015; Pashler
et al., 2007). Far less is known about how to motivate and train

students to use research-based study strategies independently
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and apply them across varied subject matter and courses (McDaniel
& Einstein, 2020). This knowledge gap creates an opportunity for
learning centers to build on their long history of innovation in
helping students succeed academically (Arendale, 2004).
Equipping students with the learning strategies they need to
succeed in college and in the fast-changing labor market they
encounter after graduation is one of the most effective means of
demonstrating the value of higher education. This effort is
especially important now as higher education faces criticism on
multiple political fronts (e.g. Confessore, 2023), polls track
weakening public confidence in the value of college (Belkin, 2023),
and artificial intelligence changes the work college graduates
perform (Di Battista et al. 2023). Although many studies focus on
learning strategies in the context of particular academic subjects,
such as reading and mathematics (Donker et al., 2014), effective
learning strategies are not discipline-specific. Indeed, students who
employ discipline-independent strategies effectively are expected to
learn better across subject matter and courses (e.g., Bernacki et al.,
2016; Cogliano et al., 2021). Thus, scaffolding college students’
development of skill in employing effective learning strategies has
potential to improve performance for all students and merits
consideration among the suite of offerings more typically included
within learning center academic coaching programs, such as time

management and goal setting (Singhani et al., 2022). This approach
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also holds promise for reducing gaps between marginalized
students, who often attend less well-resourced high schools and
are thus less well-prepared for college than their counterparts
from dominant groups (cf. Fink et al., 2020; Frey et al., 2018).
Barriers to Students” Adoption of Effective Learning Strategies

Spontaneous use of learning strategies requires more than
knowledge, however. Students must often reframe how they
understand the process of learning. By the time students reach
college, they have spent the better part of two decades in school,
typically without significant instruction in cognitive science
research demonstrating that many of the most widely used study
strategies are relatively ineffective. Not only do many students
arrive at college gateway courses with a history of poor study
habits, they often resist new study strategies because they cannot
easily evaluate the quality of their own learning.

This occurs for two reasons. First, even relatively ineffective
study strategies can produce short-term benefits, such as when
students cram before an examination. Second, students often
overestimate the benefits of weak learning strategies and
underestimate the benefits of strong ones because the latter
requires greater mental effort. Many students misperceive this

sensation of mental effort as signaling failure to learn (e.g., Kirk-

Johnson et al., 2019). In contrast, cognitive scientists who study

students’ choice of learning strategies identify this sensation of
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mental effort as a natural by-product of fruitful learning. From this
vantage point, effective learning strategies create “desirable
difficulties” that enhance learning (Bjork & Bjork, 2011, p. 55). To
adopt effective learning strategies, students need to believe the
greater effort required by these strategies is worth their time (e.g.,
Yan et al.,, 2016). And they need support in developing concrete,
practical plans to apply the strategies to their coursework.

In this article, we describe a learning-strategy intervention to
overcome barriers that often deter students from using effective
learning strategies. We provide preliminary results of a randomized
study as early support for the intervention's positive academic
outcomes. The intervention can be tailored to varied settings and
purposes, including existing tutoring and coaching programs and
individual courses.

The Coaching to Learn Project

Our project aimed at developing a relatively short, peer-to-peer
learning strategy training program that could be embedded into an
introductory university STEM course rather than a stand-alone
science of learning course taught by an expert, as described in
McDaniel and Einstein (2023). We were interested in promoting
students’ self-regulated learning through the use of specific
cognitive strategies central to effective study. We focused on
strategies that the cognitive science literature has revealed to be

effective across multiple disciplines (Dunlosky et al., 2013; Pashler
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et al., 2007). Our goal was to provide college students with a
generalizable toolkit of cognitive strategies that they could apply
to a variety of courses, and in so doing, improve their academic
performance in demanding gateway STEM courses and
throughout their college career. To achieve this goal, we
incorporated key elements into the learning-strategy training
that aligned with the Knowledge, Belief, Commitment, and
Planning (KBCP) framework (McDaniel & Einstein, 2020;
McDaniel et al., 2021).

We were also committed to a peer-to-peer based delivery
model. A growing body of evidence supports the effectiveness of
peer-based programs, particularly when training is ongoing and
of high quality (Cooper, 2010; Dawson et al., 2014; Munley, et al.,
2010; Topping, 1996). Students may find advice and instruction
from peers to be more credible and relevant to their own college
experiences (Cutright & Evans, 2016). And students can speak
directly to those experiences. Another major reason is that peer-

based delivery is scalable to large courses without the prohibitive

expense of supporting a large staff of experts to provide the

strategy training.
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Knowledge, Belief, Commitment, and Planning (KBCP)
Framework

A robust literature has underscored the difficulty of
implementing learning-strategy training programs that promote
students” sustained self-regulation and transfer of those strategies
across a range of content. As Hattie et al. (1996) concluded from
their meta-analysis of learning skill interventions, it is difficult to
change study skills that students have acquired, and older students,
including those at the college level, are more resistant to change. In
considering received theories of self-regulated learning and the
associated cognitive, metacognitive, and motivational research,
McDaniel and Einstein (2020) suggested that four key elements
needed to be incorporated into a training program to successfully
support students’ self-regulation of effective learning strategies.

(1) Students need knowledge about effective learning strategies.
Many college students appear to be unaware of effective learning
strategies (Bjork et al., 2013; Karpicke et al., 2009). And students face
numerous challenges in developing effective study strategies on
their own, including inaccurate metacognition and absence of
objective access to effectiveness of learning strategies (McDaniel and
Einstein, 2020) and biases toward less-effortful strategies (Kirk-
Johnson et al., 2019).

(2) Students need to believe that those effective strategies work

for them. In one set of experiments, Yan et al. (2016) were generally
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unsuccessful in convincing students of the value of interleaving
or mixing material across different concepts relative to blocking
study on one concept before moving to the next concept. They

Yanrs

concluded that it is difficult to overcome students” “willingness,
even eagerness, to believe that 1 is unique as a learner —that
what enhances others’ learning differs from what enhances one’s
own learning” (Yan et al., 2016, p. 918). Only when each student
participated in a demonstration in which they applied the
interleaving strategy and the blocking strategy separately to two
different sets of concepts and received an explanation of the
superiority of interleaving relative to blocking, did students
express a belief that the interleaving strategy was indeed more
effective. In line with this finding and following from McDaniel
et al. (2021), in the current training program we relied in part on
demonstrations in which students participated to reinforce belief
that the target strategies were effective for them.

(3) Students must commit to using the learning strategy.

With insufficient commitment to the strategy, students may

know about the strategy and believe that it works for them but

be reluctant to exert the effort required to implement the

strategy. For example, Wang et al. (2023) developed an
intervention to teach students about the efficacy of retrieval
practice and how to implement it flexibly through various

formats. Yet, students’ usage of the retrieval practice strategy

Coaching to Learn 231

was negatively impacted by the cost of engaging in retrieval
practice (too much time and effort involved).

(4) Students must adequately plan for how and when to use the
strategy. Students may have knowledge about an effective strategy,
believe that it works, and be reasonably motivated to use it; but
without adequate planning the strategy may not be incorporated
into their study routines (e.g., Hartwig & Dunlosky, 2012). For
instance, in a survey an overwhelming majority of undergraduates
(85%) attending a variety of institutions (universities, four-year
colleges, and community colleges), endorsed a spaced study
strategy (“studying the material in multiple sessions”) relative to a
massed study strategy (“studying the material in one longer
session”; Susser & McCabe, 2013). However, the strategy that
students reported actually using to study for a test did not
overwhelmingly incorporate spacing; students did not report using
spaced study more often than massed study. Students can talk
themselves out of intentions to use effective study strategies
because of time pressure (e.g., Maurer & Shipp, 2021) or competing
priorities (Marsh et al., 1988). Accordingly, following findings that
training for planning produces positive effects on self-regulated
strategy use (Dignath et al., 2008; Donker et al., 2014), we included a
planning component to the current training program. We now turn
to a more detailed description of our intervention, followed by

preliminary results supporting its promise.
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Overview of the Knowledge-Plus Intervention

Knowledge Plus is a four-week, eight-hour intervention
embedded in Calculus 1 at Syracuse University, a large, private
research institution in Central New York. As explained further
below, it is part of the larger Coaching to Learn Project. The
intervention is administered by learning center professionals and
student staff with collaboration from the Math faculty. The peer

coaches are hired at least one semester prior to the start of a

given coaching semester and receive at least 10 hours of training,

including practice simulations, before they begin coaching and
six or more additional hours of training during their first
semester coaching. Training is certified through the College
Reading and Learning Association’s International Peer Educator
Training Program and focuses on communication, ethics, and
effective learning strategies rooted in cognitive science. Coaches
are not required to have participated in coaching or to have
taken Calculus 1, although many do one or both.

Students are scheduled to participate in two, hour-long
coaching sessions per week for four weeks. The first session
consists of a one-on-one meeting between the student and their
assigned peer coach. During this session, the peer coach uses an
interactive curriculum to introduce the student to that week’s set
of learning strategies and a related set of study skills or “tools”

the student chose among for implementing the strategies. The
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coach supports the student in making specific plans to try these
tools and strategies in the upcoming week as they study for specific
courses, including but not limited to Calculus 1.

A day or two after this one-on-one session, students attend an
hour-long “supported study” session. Supported study is also led
by a trained peer coach but involves groups of three to six Calculus
1 students. Supported study provides a scaffolded setting in which
students discuss and compare their individual experiences
experimenting with the week’s broad learning strategies and more
specific study tools. These sessions aim to bridge the gap between
more tightly structured one-on-one coaching sessions and
independent studying students do outside of coaching.

Conducting an evaluation of an intervention of this kind requires
significant resources to allow for access to and monitoring of
student data, Institutional Review Board approval for planned
research, and close collaboration with the faculty in whose courses
the intervention is embedded. However, the Knowledge-Plus
intervention was deliberately designed so that interested learning
centers and individual faculty can incorporate elements of the
curriculum into their existing programming and/or courses, and to
encourage those who are interested to collect data and analyze
results. To facilitate this possibility, the following section provides a

detailed description of the four-week Knowledge-Plus curriculum,
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including illustrations and examples from each of the eight
component hour-long sessions.
The Knowledge Plus Curriculum

The curriculum introduces students to one broad set of
learning strategies each week and supports students in
experimenting with varied options or “study tools” for
implementing these strategies. (The content of each week is
described more fully in subsequent sections of this article.) All
these strategies require students to actively direct their learning
using self-regulation and metacognition. This approach takes
more effort than commonly used passive strategies, such as re-
reading or reviewing math problems for which solutions are
provided but yield better results (Bjork et al., 2013; Lawson et al.,
2021). Peer coaches work with students at each weekly session to

personalize the conversation and support students in planning

how they will apply the new strategies in the upcoming week,

not only in Calculus 1 but in other courses they are taking. This
approach is designed to emphasize that the learning strategies
are not domain specific while providing students with concrete
illustrations of ways to apply the strategies to both calculus and
non-calculus coursework.

By explicitly recognizing that more effective learning
strategies feel harder but become easier over time and with

practice, peer coaches encourage students to persevere in
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experimenting with new strategies and seek to normalize feelings of
initial discomfort or frustration. The goal is for students to adopt
strategies they prefer and use them in ways they find sustainable.
How well and with how much detail a student would be able to
explain a particular strategy one or two semesters after coaching is
of less concern than whether the student adopts elements of one or
two of the strategies into their study routines and applies them
across courses.
One-on-One Coaching Sessions

The one-on-one sessions are designed to share several common
components. Each session introduces one focal set of effective
learning strategies, while also foreshadowing strategies that will be
covered in future weeks and reviewing those from previous weeks.
This approach limits didactic content to manageable amounts and
encourages students to draw connections across the four sets of
learning strategies and consider using them in combination. Each
session features engaged conversation between the peer coach and
the student and includes one or two hands-on activities that
promote this conversation. The coach walks the student through a
set of PowerPoint slides. The slides are designed to support coaches
in personalizing material to the interests of individual students
while also fostering programmatic fidelity and a baseline for
consistency across coaches and sessions. Each set of slides also

features deliberate opportunities for students to share their ideas,
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ask questions and voice concerns. Session-specific learning

objectives are presented early in each session and reviewed

before the session ends. Coaches are trained to present “no stakes

quizzes” about previous weeks’ materials as opportunities for
effective learning and to draw students out in a friendly,
supportive manner.
Supported Study Sessions

Like the one-on-one coaching sessions, the supported study
sessions share key components across the four weeks. Each
week, the peer coach opens supported study with introductions
or re-introductions, making sure that students recall one
another’s names and establishing a friendly atmosphere that

encourages all students to participate by drawing them into

opening small talk. In the second part of supported study, the

coach prompts students to engage in a retrieval exercise in which

they recall the study plans they made during their earlier one-on-

one coaching session that week. The students write down a brief
account of their experiences. The coach then guides the students

through a group conversation about these experiences, including
successes and challenges. The coach works to draw students out

and to address misunderstandings and concerns about the

strategies and study tools.

The third segment focuses on a specific study skill that utilizes

the week’s set of learning strategies. The coach introduces this
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“spotlight study tool.” The coach then leads the students in using
the tool together. At the end of each supported study, students have
time to apply the tool individually or in pairs as they complete
calculus homework or study for an upcoming calculus exam. The
coach circulates and supports students in applying the learning
strategies to calculus, not to assist students in understanding
calculus concepts or arriving at the correct answer to specific
calculus problems.

This final part of the session allows the coach to model the use of
one study tool and related broader learning strategies and gives
students the opportunity to practice on their own while the coach
fields questions and offers encouragement. Overall, supported
study sessions are designed to bridge the gap between highly
structured one-on-one coaching sessions and studying students do
on their own outside of coaching and to encourage students to
develop the confidence and competence they need to use effective
learning strategies independently.

Students are intentionally scheduled to meet with the same peer
coach on the same day and time for all one-on-one sessions and
with the same coach and fellow students on the same day and time
for all the supported study sessions. This promotes consistency and
routine, barring the need to reschedule.

Week 1: Retrieval and test-enhanced learning. During the first

one-on-one coaching session, the peer coach establishes a
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relationship with the student. They exchange basic information,
such as their hometowns, how they came to the University, and
how the students feel about taking Calculus 1. The coach
explains that coaching can help students who feel confident
about calculus study more efficiently, while students who find
calculus challenging can benefit by studying more effectively.
Then, following the PowerPoint presentation slide sets used for
each one-on-one coaching session, the peer coach explains that
the coaching program is based on a large body of cognitive
science research that includes findings many college students
find counterintuitive, including that rereading, highlighting, and
reviewing problems with step-by-step solutions are relatively
ineffective strategies (Bjork, et al., 2013; Karpicke, et al., 2009).

Learners can succeed in mastering courses and subjects they fear

or have done poorly in previously if they employ effective

learning strategies that emphasize deeper understanding over
superficial memorization.

The coach emphasizes that learning requires connecting new
material to prior knowledge and then invites the student to
engage in an activity based on McGuire’s (2015) Count the
Vowels exercise. This exercise helps students appreciate the
value of context and pattern identification for interpretation and
recall of otherwise isolated facts and provides an entry point for

conversation about retrieval. The coach then introduces our
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analogy of a “study toolbox” consisting of four sets of drawers.
Each drawer contains one set of effective learning strategies but
includes multiple specific study “tools” from which the student can
choose to implement the strategies. The coach explains that the first
set of strategies is called retrieval and invites the student to guess at
what “retrieval” might mean in this context while displaying an
image of a dog retrieving a ball (Figure 1). This approach
deliberately foreshadows learning strategies that will be introduced
in subsequent coaching sessions. At the end of the session, the coach
introduces potential “tools” for implementing retrieval and explains
that the students will be asked during their upcoming supported
study to reflect on their experiences experimenting with three
retrieval tools. The coach then walks the student through selecting
which tools they will try and planning how to use them in specific
courses as they study in the days before their supported study

sess1on.
Figure 1
Example Slide from Coaching Session (Week 1)
Like a Dog Going After a Ball...But Using Your Brain
Retrieval refers to the mental work we do when we

make an effort to recall information we have learned
but can’t immediately remember.

Often, we can “retrieve” the information if we
think hard, wait, and try again.

Tell me: Can you think of a time you forgot someone’s name —and then remembered it
later?
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During the Week 1 Supported Study session, students use
mind mapping to practice retrieval, emphasizing the value of
creating a visual tool that includes text and drawing. In this
instance, mind mapping is introduced as a straightforward tool
for retrieval; the coach encourages students to brainstorm
whatever relevant information they can recall about the topic
selected for the “mind map” and jot that information down on
paper in any order or format they like. The students work as a
group to create a mind map for the University. Then, continuing
to work as a group, they start another mind map, this time of
their Calculus 1 course. The coach invites each student to
contribute a topic or concept to the mind map, such as “limit” or
“derivative,” by retrieving relevant information from memory.
Students then spend the remainder of the hour working

individually or in pairs to continue building out their own

Calculus 1 mind map.

Week 2: Organization. Week 2 introduces two forms of
organization: organizing course material effectively to foster
lasting understanding and organizing the time students spend
studying to make that time as productive as possible. During this
week’s one-on-one session, the coach introduces the student to
several techniques they can use to organize concepts, procedures
and other course material they are learning. These include

creating concept maps, making outlines and classifying course
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material based on the student’s self-rated level of understanding
(previously known/learned; new knowledge as of today; in-
progress knowledge/not fully understood). The coach emphasizes
how these types of organizational study tools help students see “the
big picture” and achieve a deeper, more cohesive understanding
than is possible through more typical efforts to memorize discrete
facts or techniques. One slide asks: “If your MAT 295 [Calculus 1]
grade required assembling a 1,000-piece jigsaw puzzle, would you
dump all the pieces out and start putting them together without
first taking a close look at the photo on the box?” (Figure 2).
Throughout, the PowerPoint slides present and repeat imagery
combined with text that reinforces one another and supports
students’ dual coding of learning strategies and related concepts
through complementary neural pathways for processing textual and

visual information (Mayer & Moreno, 2003).

Figure 2
Example Slide from Coaching Session (Week 2)

Concept Maps Are Especially Valuable In Subjects We Find Hard

If your MAT295 grade required assembling
a 1,000-piece jigsaw puzzle, would

you dump all the pieces out & start putting
them together without first taking a close
look at the photo on the box?

To Learn, We Need
to See the Big Picture
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The second one-on-one session also includes a calendaring
exercise to promote time management and a growth mindset
assessment to foster motivation and encourage persistence. The
Week 2 supported study session includes discussion of students’
experiences experimenting with organizational strategies and
cements understanding of concept maps, which were introduced
during the previous, one-on-one session as an organizational tool
distinct from mind maps in their emphasis on illustrating
relationships among terms, concepts, and procedures students
are learning in a course. The coach leads the group in beginning
to create a concept map for Calculus 1 on a white board, inviting
each student to contribute at least one feature they recall from
the course. The coach reminds students of the advantages of

combining imagery and text to promote retrieval and

organization. Students spend the remainder of the session

completing their own Calculus 1 concept map individually or in
pairs and using the concept map to study for the course.

Week 3: Spacing and Interleaving. The third one-on-one
session introduces students to the advantages of spacing
compared to massed practice (Figure 3) and interleaving related
material within a course or between courses that share common
concepts (Figure 4). The coach explains the value of guessing at
answers to questions one has not yet been taught and explicitly

introduces the concepts of “productive failure” and “desirable
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difficulties” in learning, which have been foreshadowed in earlier
one-on-one sessions (Clark & Bjork, 2014). The coach briefly
describes research studies of the value of spacing and interleaving
in mathematics and engages the student in reflecting on their
assumptions and feelings about learning Calculus and other
challenging academic subjects. The coach points out that we are
often more accepting of the idea of learning from mistakes and
experiencing learning as challenging outside of traditional academic
contexts, such as team sports or studying a musical instrument. The
third supported study session introduces the students to Venn
diagramming as a tool they can use to identify related concepts that
lend themselves to interleaving. The coach leads the group in
creating a Venn diagram identifying similarities and differences
across baseball, football, and basketball. The students then create a
Venn diagram identifying related concepts within Calculus 1 or
between Calculus 1 and other courses they are taking, such as

Physics 1.

Figure 3

Examile Slide flrom Coachini Session (Week 3)

O Sure, cramming can work for short-term recall

BUT spacing out a few short study

sessions over a few days or a week

O Is less stressful and saves study time by preparing you to do well on exams and essays at
the end of the semester
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Figure 4
Example Slide from Coaching Session (Week 3)

Interleaving

Now, that you know the value of “productive failure” and the advantages of guessing, tell me
what you think this strange word interleaving might mean. (Hint: “Interleaving” is a formal
name cognitive scientists use.)

* What if we use an informal name for this set
of study strategies:

InterWeaving

Week 4: Elaboration and Explanatory Questioning. The final
week of the curriculum focuses on elaboration and explanatory
questioning as well as combining the four sets of effective

learning strategies during independent study. The one-on-one

session emphasizes taking stock of students’ feelings about the

strategies and the mental effort they require. The coach compares
developing good study habits to judiciously adding salt to food;
adding some effective strategies into existing study routines is
the goal, not reinventing oneself as a student or dramatically
increasing study time. The coach encourages the student to “be
patient with yourself” and recognize that making even small
changes to study routines is hard work (Figure 5). The final
supported study session likewise emphasizes student choice and
opportunities to experiment with combining the learning

strategies.
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Figure 5
Example Slide from Coaching Session (Week 4)

Be Patient with Yourself

Making even small changes in your study habits takes time and practice. Feeling frustrated
or disappointed if the benefits of the new strategies aren’t immediately obvious is natural.

Hang in there!

The Randomized Trial

A central aspect of our Coaching to Learn project is a comparison
of outcomes from the Knowledge-Plus intervention with a loosely
parallel, four-week “Knowledge-Only” intervention. The
Knowledge-Only intervention consists of a set of four online
modules and four related quizzes focused on the acquisition of
knowledge about the learning strategies. This “active control” is
designed to reflect a “standard” strategy-training approach that
focuses solely on information about effective learning strategies. All
students enrolled in the target course (Calculus 1, as described
below) were randomly assigned to one of the two interventions,
thereby ensuring a high standard of rigor comparing outcomes for
these two groups. This design is advantageous in that it tests the
value of the KBCP theoretical model, which posits that knowledge
about the strategies per se is insufficient to motivate most students

to adopt more effective learning strategies. This evaluation answers
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the question: Are there differences in student performance for
those who were randomly assigned to Knowledge-Only
coaching compared to those randomized to Knowledge-Plus?
This approach allows us to create roughly parallel experiences
and incentives for students participating in the two
interventions. While a control group that did not receive the

intervention would allow us to determine the impact of the

Coaching-to-Learn program generally, ethical concerns related to

the potential disadvantage in Calculus I for untreated students
made this choice untenable.
General Method

The research team collaborated with the Math Department at
Syracuse University to embed the two interventions in Calculus

1, a large course taken by a diverse group of approximately 700

students annually and widely perceived by students as

challenging. The complete evaluation of this program involves
interventions over four semesters beginning in Fall 2022 and
concluding in Spring 2024. In each 14-week semester, Calculus 1
students were randomly assigned to the Knowledge-Only or
Knowledge-Plus groups. Completion of the program counts for
four percent of students’ final calculus grade regardless of
treatment group. To earn this four percent, students need to
complete their randomly assigned treatment (eight, hour-long

coaching sessions for the Knowledge-Plus group and four online
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modules followed by four quizzes for the Knowledge-Only group)
and pre- and post-intervention learning strategy surveys. Students
provided informed consent for use of their data in the research
project. All research protocols were approved by the University’s
Office of Research Integrity and Protections.

Although the randomized trial is scheduled to end following the
Spring 2024 semester, data collection and analysis will continue
until the Spring of 2025. Students who participate in coaching will
be followed for at least two additional semesters afterward to allow
collection of individual course grade and semester grade point
average data. We will also collect multiple, detailed sources of
student self-report data about their study strategies before and after
the intervention and their attitudes toward the intervention to
which they were randomly assigned. Below, we describe planned
analysis of all four cohorts of coaching students along with a
preliminary analysis of the final exam scores in Calculus I for the
Fall 2022 cohort.

The quantitative and qualitative measures that we are collecting
and analyzing as part of the Coaching to Learn project derive from
four sources: (1) student demographic, socio-economic, and
academic information available through Syracuse University’s
administrative data systems, including gender, race-ethnicity,
citizenship, first generation status, high school grade point average,

Calculus 1 exam and course grades, other course grades, and
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progress toward graduation; (2) a version of the Motivated
Strategies for Learning Questionnaire (MSLQ) (Jackson, 2018;
Pintrich et al., 1993) modified to incorporate new items directly
relevant to coaching on retrieval, organization, spacing and
interleaving, and elaboration; (3) responses to brief sets of survey
questions embedded in the Knowledge-Only modules and the
Knowledge- Plus coaching sessions, which probe students’
reactions to the intervention and to the learning strategies; (4) a
new Study Strategy Survey developed by the intervention
research team to probe lasting understanding of the learning
strategies among coaching students who go on to take Calculus 2
and the degree to which students spontaneously transfer these
strategies to their study routines for this course. Calculus 1
students completed the modified MSLQ before they begin
coaching and after they complete coaching.
Preliminary Results from Fall 2022

Completion Rates. In the Fall of 2022, most Calculus 1
students completed their assigned treatment. Interestingly,

completion rates were higher among the Knowledge-Plus

treatment although this treatment required in person

participation and offered less scheduling flexibility than the
online modules. Specifically, 78 percent of the 197 students
randomized to the Knowledge-Plus treatment completed the pre-

and post-coaching MSLQ and attended their eight coaching
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sessions, compared to 70 percent of the 201 students randomized to
the Knowledge-Only treatment who completed the pre- and post-
coaching MSLQ and the four online modules and quizzes.

Preliminary Academic Outcomes. The Fall 2022 Calculus 1
students randomly assigned to the Knowledge-Plus group
outperformed their Knowledge-Only counterparts on the Calculus 1
final exam score. Intent to Treat (ITT) results, which included all
students in both treatment groups regardless of whether they
completed their assigned intervention, found that the average final
Calculus exam scores of Knowledge-Plus students were 3.4 points
higher than those of Knowledge-Only students (t-test; p<0.08; 100-
point exam scale). These ITT regression analyses controlled for
student year, citizenship, first-generation status, high school grade
point average, and engineering versus other majors, as well as
stratification by under-represented minority status and Calculus 1
section. (Further details are available from the authors upon
request.)
Conclusions

The Coaching to Learn project has established several notable
advances. First, we have demonstrated the viability of a
theoretically guided learning strategy intervention that incorporates
cognitive and metacognitive elements consistent with the KBCP
framework (McDaniel & Einstein, 2020). These include transmitting

knowledge about generally effective learning strategies and
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illustrating specific study procedures to implement those general
strategies (through one-on-one coaching and small-group
supported study sessions); fostering students” belief that the
strategies work for them (through exercises and peer-led
discussion of students’ successes with the strategies); forging
students’ commitment to apply the strategies in their course
(through peer-supported study sessions and discussion of how
to adapt and use the strategies in their courses); and encouraging
students to plan to integrate the strategies into their study
activities (through follow-up activities that were revisited in
subsequent sessions). The intervention is tractable on a number
of dimensions. It is relatively short (2 hours/week for four
weeks); it is implemented within a particular academic course
(rather than a semester-long 3-credit course dedicated to learning
strategy training; McDaniel et al., 2021) and it likely can be
implemented as a 4-week workshop at college learning centers; it
is scaled for use in a very large enrollment introductory college

course; and it does not require hiring of professional university

staff, relying instead on peer-to-peer coaching.

Second, we have shown that the four-week Knowledge-Plus
intervention is acceptable to students. In the Fall 2022 trial, 78
percent of the students randomized to this Knowledge-Plus
intervention completed the curriculum. Third, in an initial

evaluation of the Knowledge-Plus intervention relative to a more
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basic Knowledge-Only comparison, students in the Knowledge-Plus
intervention had better final exam scores in the Calculus 1 course in
which the intervention was embedded. Thus, Knowledge-Plus peer
coaching curriculum may improve students” academic performance,
at least in the semester in which the students engage the
curriculum. Future data collection and analysis will allow us to
more fully evaluate the impact of the intervention, including the
transferability of skills outside of Calculus and the sustainability of
benefits over time.

We hasten to acknowledge that there are limitations of the
evaluation study. The Knowledge-Only treatment involved only
half the instructional time devoted to the Knowledge-Plus
treatment. Thus, it remains possible that if the time feature was
comparable, Knowledge-Only would fare as well as the
Knowledge-Plus treatment. Further, the Knowledge-Plus treatment
involved in-person coaching, whereas the Knowledge-Only control
was self-administered (online). Accordingly it remains possible that
the delivery method per se could play a role in better outcomes for
Knowledge-Plus. Additionally, for ethical reasons we did not assign
students to an inactive control group. It may be that the Knowledge-
Plus treatment produces even more dramatic academic benefits
relative to students who receive no instruction in effective learning
strategies. At present, it is likely that a high proportion of today’s

college students receive either no learning strategy instruction or
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ineffective instruction. Coaching to Learn is one approach that
might help remedy this unfortunate situation. Our hope,
especially if the complete results continue to show success, is that
this initial account of the intervention will inspire learning center

professionals and faculty to consider adopting and adapting

elements of our Knowledge-Plus curriculum to their

programming and courses.

References

Arendale, D. R. (2004). Mainstreamed academic assistance and enrichment for all students:
The historical origins of learning assistance centers. Research for Education Reform, 9(4), 3-

21. https://hdl.handle.net/11299/200364

Belkin, D. (2023, March 31). Americans are losing faith in college education, WSJ-NORC poll
finds; Confidence in value of a degree plummeted among women and senior citizens
during pandemic. Wall Street Journal (Online).

Bernacki, M. L., Vosicka, L., & Utz, J. C. (2020). Can a brief, digital skill training intervention
help undergraduates “learn to learn” and improve their STEM achievement? Journal of
Educational Psychology, 112(4), 765-781. https://doi.org/10.1037/edu0000405

Bjork, E. L., & Bjork, R. A. (2011). Making things hard on yourself, but in a good way:
Creating desirable difficulties to enhance learning. In M. A. Gernsbacher, RW. Pew, L. M.
Hough, & J. R. Pomerantz (Eds.), Psychology and the real world: Essays illustrating
fundamental contributions to society, (pp. 59-68). Worth Publishers.

Cogliano, M., Bernacki, M. L., & Kardash, C. M. (2021). A metacognitive retrieval practice
intervention to improve undergraduates” monitoring and control processes and use of
performance feedback for classroom learning. Journal of Educational Psychology, 113(7),
1421. https://doi.org/10.1037/edu0000624

Confessore, N. (2023, December 10). As fury erupts over campus antisemitism, conservatives
seize the moment. The New York Times.

Cooper, E. (2010). Tutoring center effectiveness: The effect of drop-in tutoring. Journal of
College Reading and Learning, 40(2), 21-34.

Cutright, T.]., & Evans, E. (2016). Year-long peer mentoring activity to enhance the retention
of freshmen STEM students in a NSF scholarship program. Mentoring & Tutoring:

Partnership in Learning, 24(3), 201-212. https://doi.org/10.1080/13611267.2016.1222811

Coaching to Learn 253

Dawson, P., van der Meer, J., Skalicky, J., & Cowley, K. (2014). On the effectiveness of
supplemental instruction: A systematic review of supplemental instruction and peer-
assisted study sessions literature between 2001 and 2010. Review of Educational Research,

84(4), 609-639. https://doi.org/10.3102/0034654314540007

Di Battista, A., Grayling, S., & Hasselaar, E. (2023). Future of jobs report 2023. World
Economic Forum, Geneva, Switzerland. https://www.weforum.org/reports/the-future-of-

jobs-report-2023/

Dignath, C., Biittner, G., & Langfeldt, H. P. (2008). How can primary school students acquire
self-regulated learning most efficiently? A meta-analysis on interventions that aim at
fostering self-regulation. Educational Research Review, 3(2), 101-129.
https://doi.org/10.1016/j.edurev.2008.02.003

Donker, A. S., de Boer, H., Kostons, D., Dignath-van Ewijk, C. C., van der Werf, M. P. C.
(2014). Effectiveness of learning strategy instruction on academic performance: A meta-
analysis. Educational Research Review, 11, 1-26. https://doi.org/10.1016/j.edurev.2013.11.002

Dunlosky, J., Rawson, K. A., Marsh, E.]., Nathan, M. J., & Willingham, D. T. (2013).
Improving students’ learning with effective learning techniques: Promising directions
from cognitive and educational psychology. Psychological Science in the Public Interest,
14(1), 4-58. https://doi.org/10.1177/1529100612453266

Fink, A., Frey, R. F., & Solomon, E. D. (2020). Belonging in general chemistry predicts first-
year undergraduates’ performance and attrition. Chemistry Education Research and Practice,

21(4), 1042-1062. https://doi.org/10.1039/d0rp00053a

Fiorella, L., & Mayer, R. E. (2015). Learning as a generative activity: Eight learning strategies that
promote understanding. Cambridge University Press.

Frey, R. F.,, Fink, A., Cahill, M. J., McDaniel, M. A., & Solomon, E. (2018). Peer-led team
learning in general chemistry I: Interactions with identity, academic preparation, and a
course-related intervention. Journal of Chemical Education, 95(12), 2103-2113.

https://doi.org/10.1021/acs.jchemed.8b00375

Hartwig, M. K., & Dunlosky, J. (2012). Study strategies of college students: Are self-testing
and scheduling related to achievement? Psychonomic Bulletin & Review, 19(1), 126-134.
https://doi.org/10.3758/s13423-011-0181-y

Hattie, ]., Biggs, J., & Purdie, N. (1996). Effects of learning skills interventions on student
learning: A meta-analysis. Review of educational research, 66(2), 99-136.
https://doi.org/10.3102/00346543066002099

Jackson, C. R. (2018). Validating and adapting the motivated strategies for learning
questionnaire (MSLQ) for STEM courses at an HBCU. Aera Open, 4(4).
https://doi.org/10.1177/2332858418809346




254 Usdansky et. al

Karpicke, J. D., Butler, A. C., & Roediger, H. L., IIL. (2009). Metacognitive strategies in student
learning: Do students practise retrieval when they study on their own? Memory, 17(4),

471-479. https://doi.org/10.1080/09658210802647009

Kirk-Johnson, A., Galla, B. M., & Fraundorf, S. H. (2019). Perceiving effort as poor learning:
The misinterpreted-effort hypothesis of how experienced effort and perceived learning
relate to study strategy choice. Cognitive Psychology, 115.

https://doi.org/10.1016/j.cogpsych.2019.101237

Lawson, C. A, McGuire, S., Hodges, R., Gray, R., McGuire, S. Y., Killingbeck, M., & Segovia,
J. (2021). Recipe for success: Teaching students metacognitive and self-regulatory learning
strategies. The Learning Assistance Review, 26(2), 149-178.

Maurer, T. W., & Shipp, C. (2021). Challenges of shaping student study strategies for success.
Teaching & Learning Inquiry, 9(1), 241-257. https://doi.org/10.20343/teachlearninqu.9.1.16

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia
learning. Educational psychologist, 38(1), 43-52. https://doi.org/10.1207/S15326985EP3801 6

McDaniel, M. A, & Einstein, G. O. (2020). Training learning strategies to promote self-
regulation and transfer: The knowledge, belief, commitment, and planning framework.
Perspectives on Psychological Science, 15(6), 1363-1381.
https://doi.org/10.1177/1745691620920723

McDaniel, M. A,, Einstein, G. O., & Een, E. (2021). Training college students to use learning
strategies: A framework and pilot course. Psychology Learning & Teaching, 20, 364-382.
https://doi.org/10.1177/1475725721989489

McDaniel, M. A., & Einstein, G. O. (2023). How to teach powerful strategies so that students
self-regulate their use: The KBCP framework. In C. Overson, C. Hakala, L. Kordonowy, &
V. Benassi (Eds.), In Their Own Words: What Scholars Want You to Know About Why and How
to Apply the Science of Learning in Your Academic Setting (pp. 365-377). Society for the

Teaching of Psychology. https://teachpsych.org/ebooks/itow

McGuire, S. Y. (2015). Teach students how to learn: Strategies you can incorporate into any course to
improve student metacognition, study skills, and motivation. Stylus Publishing.

Munley, V. G., Garvey, E., & McConnell, M. J. (2010). The effectiveness of peer tutoring on
student achievement at the university level. American Economic Review, 100(2), 277-82.
https://doi.org/10.1257/aer.100.2.277

Pashler, H., Bain, P., Bottge, B., Graesser, A., Koedinger, K., McDaniel, M. A., & Metcalfe, ].
(2007). Organizing instruction and study to improve student learning. IES practice guide.
NCER 2007-2004. National Center for Education Research.

Pintrich, P. R., Smith, D. A. F., Garcia, T., & Mckeachie, W. J. (1993). Reliability and predictive
validity of the Motivated Strategies for Learning Questionnaire (MSLQ). Educational and
Psychological Measurement, 53(3), 801-813. https://doi.org/10.1177/0013164493053003024

Coaching to Learn 255

Roediger, H. L., & Pyc, M. A. (2012). Inexpensive techniques to improve education: Applying
cognitive psychology to enhance educational practice. Journal of Applied Research in Memory

and Cognition, 1(4), 242-248. https://doi.org/10.1016/j.jarmac.2012.09.002

Singhani, S., McLaren-Poole, K., & Bernier, R. A. (2022). Evaluating the effectiveness of academic
coaching for college students. The Learning Assistance Review, 27(1), 219-250.

Susser, . A., & McCabe, J. (2013). From the lab to the dorm room: Metacognitive awareness and
use of spaced study. Instructional Science, 41, 345-363. https://doi.org/10.1007/s11251-012-9231-
8

Topping, K. J. (1996). The effectiveness of peer tutoring in further and higher education: A
typology and review of the literature. Higher Education, 32(3), 321-345.
https://doi.org/10.1007/BF00138870

Yan, V. X, Bjork, E. L., & Bjork, R. A. (2016). On the difficulty of mending metacognitive illusions:
A priori theories, fluency effects, and misattributions of the interleaving benefit. Journal of
Experimental Psychology: General, 145(7), 918-933. https://doi.org/10.1037/xge0000177

Wang, L., Muenks, K., & Yan, V. X. (2023). Interventions to promote retrieval practice: Strategy
knowledge predicts intent, but perceived cost predicts usage. Journal of Educational Psychology,
115(8), 1070-1086. https://doi.org/10.1037/edu0000813






