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Learning Strategies are Stable across Course Types,
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In this pre-registered replication of findings from Muis and Franco [2009; Contempo-
rary Educational Psychology, 34(4), 306-318], college students (N = 978) from across
the United States and Canada were surveyed regarding their goal orientations and
learning strategies. A structural equation modelling approach was used to assess the
associations between goal orientations and learning strategies. Six of the eight sig-
nificant associations (75%) found by Muis and Franco replicated successfully in the
current study. Mastery approach goals positively predicted endorsement of all learning
strategies (Rehearsal, Critical Thinking, Metacognitive Self-Regulation and Elabora-
tion). Performance avoidance goals negatively predicted critical thinking, while posi-
tively predicting metacognitive self-regulation and rehearsal. Evidence for moderation
by assignment type was found. No evidence of the moderation of these associations by
gender, underrepresented minority status, or course type (STEM, Humanities, or Social
Sciences) was found. The reliability of common scales used in educational research
and issues concerning the replication of studies using structural equation modeling are
discussed.
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Motivational beliefs and learning strategies are a key
theoretical mechanism of academic achievement, with
interest to learning scientists and educators alike. In
recent years, research in both of these areas has in-
creasingly grappled with findings that motivational vari-
ables (Fong et al., 2019; Meece et al., 2006) and learn-
ing strategies (Deemer, 2004) often behave differently
across socio-cultural contexts and identities. In this
study, we present a pre-registered replication of Muis
and Franco’s (2009) study of the associations between
goal orientation theory and learning strategies, with an
extended set of analyses focused on determining the
extent to which these associations are moderated by
contextual (course type, assignments) and demographic
(gender, underrepresented minority status) variables.

Goal Orientation Theory

Goal orientation theory has been a productive way of
understanding academic motivation by examining the
type of goals that students adopt as a result of their
personal background and classroom context (Meece et
al., 2006). In its most common formulation, goal ori-
entation theory highlights that students can be ori-

ented toward two types of goals (mastery or perfor-
mance) an that the goals can be positively or neg-
atively valenced (approach or avoidance), thus cre-
ating four general goal orientations: performance-
approach, mastery-approach, performance-avoidance,
and mastery-avoidance (see Elliot and McGregor,
2001).

Performance goals center around an individual’s per-
formance in terms of grades and relative standing
among their peers. Mastery goals revolve around
the state of one’s knowledge. Approach orientation
refers to the pursuit of positive outcomes (e.g., a high
grade or deep understanding), while avoidance orien-
tation means seeking to avoid negative outcomes (e.g.,
failing a class, misunderstanding a lecture or forget-
ting material). Putting these two axes (performance-
mastery and approach-avoid) together, the meaning of
the four broad goal orientations is clear. For example,
performance-approach refers to the aim of achieving
better performance than fellow students, while mastery-
avoidance refers to the goal of avoiding having not mas-
tered the course content.

A multitude of studies have found that higher lev-
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els of self-reported approach-goal orientations correlate
with (Senko et al., 2011), and also—in the case of in-
tervention studies (e.g., Fuchs et al., 1997)—cause (Ka-
plan and Maehr, 2007) higher student performance. Ul-
timately, it seems that approach goals are positively as-
sociated with performance, regardless of whether they
are performance or mastery in orientation and hold-
ing both types of goals simultaneously can contribute
to academic achievement (Harackiewicz et al., 1997;
Senko et al., 2013).

Is Time-on-Task the Mechanism?

Although the broader association between approach
goals and academic achievement appear relatively ro-
bust across studies (Harackiewicz et al., 1997; Senko
et al., 2013), less is known about the mechanism by
which motivational states cause higher performance (as
also discussed in the growth mindset literature, Yan and
Schuetze, 2023). Some researchers, such as Tabak et al.
(2009), have put forth theoretical models showing that
motivational beliefs work on academic performance pri-
marily through the route of increased time-on-task (also
called “task engagement,” “persistence,” “effort regula-
tion” and “effort management”; Liem et al., 2008). This
hypothesis seems plausible. Since the early work of J.B.
Carroll (Carroll, 1963, 1989), time-on-task has been
known to be a key predictor of achievement in both aca-
demic (e.g., Lee, 2018) and non-academic (Macnamara
et al., 2014) domains. It does not seem intuitively nec-
essary that higher achievement motivation causes stu-
dents to act in a qualitatively different manner. Rather,
motivated students may simply spend more time than
students with lower achievement motivation, but in a
qualitatively similar manner (Yan and Schuetze, 2023).

Quality, not just Quantity of Study

However, other researchers, particularly those who
study motivation using a goal orientation framework,
have argued that motivated students will use more ben-
eficial strategies (Engelschalk et al., 2017; Senko et al.,
2011). In other words, increased motivation benefits
the quality and quantity of study. Under this hypothesis,
students with higher approach (both mastery and per-
formance) goal endorsement will preferentially engage
in deeper learning strategies, which are also linked with
higher achievement (Muis and Franco, 2009). Deeper
learning strategies are those that engage students in
critical thinking, monitoring comprehension, organiz-
ing information, and drawing connections between ed-
ucational materials. These strategies are thought to be
beneficial for long-term learning, as opposed to shallow
strategies, such as rehearsal/repetition, underlining, or
highlighting (Dunlosky et al., 2013). Several previous

studies have begun testing this hypothesis, often using
the Motivated Strategies for Learning Questionnaire to
measure learning strategy uptake (MSLQ; Pintrich et
al., 1991). The MSLQ subscales of critical thinking,
elaboration, and metacognitive self-regulation are typi-
cally classified as deep strategies, whereas the subscale
of rehearsal is typically classified as a shallow strategy.

Senko et al. (2011) reviewed the studies that
reported associations between goals and strategies.
Among the 14 studies they found, the average asso-
ciation between performance-approach goals and sur-
face strategies was r = 0.20. Among 13 stud-
ies, the association between mastery-approach goals
and surface learning was also r = 0.20, indicating
that perhaps both mastery-approach and performance-
approach goals were approximately equally predictive
of surface learning. However, Senko et al. were re-
porting average raw correlations, and not necessarily
values derived from a multiple regression analysis, so
this analysis cannot determine the extent to which these
types of goals predict surface learning over-and-above
the other. A multiple regression approach is particularly
warranted in the context of goal orientation theory, as
mastery-approach and performance-approach goals are
often positively correlated with one-another (Harack-
iewicz et al., 2002; e.g,. Mouratidis et al., 2018).
Therefore, in the following paragraphs we summarize a
subset of the studies examining the links between goal
orientations and learning strategies to parse out find-
ings from their regression models and some of the com-
mon methodological and sample-related choices made
by these researchers.

Liem et al. (2008) represents one particularly rigor-
ous test of the hypothesized associations between goal
orientations and learning strategies in a large (N =
1475) nationally representative of Singaporean ninth
graders with regard to their English classes. They found
that mastery-approach goal orientations predicted in-
creased reporting of using both deep and surface learn-
ing strategies as measured by the MSLQ. Interestingly,
performance-approach goal orientations were linked
only to deep learning, not shallow learning, while
performance-avoidance goals were linked to surface
learning and not deep learning. Senko and Miles (2008)
recruited 260 undergraduate students from a general
psychology course and found that mastery-approach
goals, but not performance-approach goals, were pre-
dictive of both higher deep and surface learning strate-
gies in a multiple regression SEM model. A similar re-
sult was found by Ranellucci et al. (2013) in a small
sample (N = 73) of undergraduate students, where the
use of deep and shallow processing strategies was coded
by experimenters from participants’ think-aloud com-
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ments. In another sample of undergraduate students
(N = 256) using the MSLQ, Senko et al. (2013) found
somewhat contradicting results to Senko and Miles
(2008), with mastery-approach goals predicting deep,
but not surface learning. Conversely, performance-
approach goals predicted only surface learning.

The present study grew out of a pre-registered repli-
cation of Muis and Franco (2009) for the Center for
Open Science’s contribution to DARPA’s Systematizing
Confidence in Open Research and Evidence (SCORE)
project (Alipourfard et al., 2021). Similar to the stud-
ies discussed above, Muis and Franco’s study concerns
associations between motivational variables (goal ori-
entations as measured by the Achievement Goal Ques-
tionnaire; Elliot and McGregor, 2001) and study strate-
gies representing varying depth of processing (elabora-
tion, critical thinking, and rehearsal; measured by the
MSLQ). In particular, Muis and Franco 2009) found that
mastery approach goals were predictive of elaboration
(a deep strategy), critical thinking (deep), metacog-
nitive self-regulation (deep) and rehearsal (shallow)
strategies.

As shown in Figure 1, they found that performance-
approach goals predicted increased critical thinking
(deep) and decreased metacognitive self-regulation
(deep). Performance-avoidance goals were linked with
increased rehearsal (shallow). Mastery-avoidance goals
were linked with decreased elaboration (deep).

Open Questions Regarding Goal Orientations and
Learning Strategies

Altogether, it appears goal orientations and learning
strategies are associated, the universality and degree of
these associations is unclear. There are several possi-
ble reasons for the seemingly contradictory results in
this literature area. One area of limitation with regard
to pre-existing studies of these associations is that they
have been primarily conducted in the context of single
institutions or single classrooms (e.g., Muis and Franco,
2009), with an over-representation of students in psy-
chology courses. Although Liem et al.’s (2008) national
study of Singapore presents a notable exception to this
generalization, we cannot be assured that their results
would transfer one-to-one to a North American context.

Heterogeneity and Hidden Moderators

As a result of the limited contextual variability in-
herent in these studies, it is impossible to disentangle
the impacts of potential (hidden) moderators, such as
course type, assignment characteristics (e.g., test-based
versus essay-based assignments), and individual level
variables, such as race and gender. All of these vari-
ables have theoretically plausible reasons for moder-

ating the relationships between goal orientations and
learning strategies as they are already implicated in mo-
tivation theories with regard to their main effects on
focal variables. Per Broekkamp and Van Hout-Wolters
(2006), students’ learning strategies vary depending
on academic discipline, type of assignment, and even
across individual courses. Even the mere expectation
of test format shapes the mnemonic encoding strategies
that students engage while studying (Rivers and Dun-
losky, 2020).

Cultural differences in learning strategy use have also
been found, in terms of both institutional culture and
student demographic characteristics. For example, both
school-wide institutional and classroom specific culture
shape the perception and adoption of mastery goals at
the student level (Deemer, 2004). Student gender and
ethnicity is also associated with different patterns of
motivation variables and self-regulated learning strate-
gies (e.g., Li, 2019; Psaltou-Joycey, 2008). D’Lima et al.
(2014) found that female students were more mastery
orientated than male students, who conversely tended
to be more performance oriented. In terms of learning
strategy use, Purdie et al.’s (Purdie et al., 1996) study
of Australian students, Japanese students in Japan, and
Japanese students in Australia shows that cultural back-
ground influences the types of learning strategies stu-
dents adopt, with Japanese students endorsing higher
levels of memorization strategies and lower levels of
goal setting strategies. Furthermore, Japanese students
studying in Australia were found to be influenced by
both their experience in Japanese and Australian school
systems, falling between the Australian and Japanese in
Japan students in terms of study strategies.

Extant research shows that both motivational and
self-regulated learning processes are driven by a variety
of variables related to the task at hand, goals being pur-
sued, and student backgrounds. Although main effects
on motivational variables and the use of study strate-
gies have been found, less is known regarding the links
between goal orientations and study strategies. In par-
ticular we were interested in whether these previously
reported associations are replicable, and whether they
are moderated by any of these educationally relevant
variables.

Lack of Replications

Another source of the difficulty in evaluating this re-
search area is the lack of published pre-registered repli-
cation attempts. Although open science is not necessar-
ily a new idea in other research domains (e.g., physics;
Hecker, 2017), within education research open scien-
tific practices, such as pre-registration of hypotheses,
open data, and open analysis scripts are not yet the
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norm (van der Zee and Reich, 2018). Indeed, of the
studies we surveyed in our literature review, none of
these studies were pre-registered, nor did we find any
openly accessible datasets. Given the high researcher
degrees of freedom inherent in structural equation mod-
elling (Seaman and Weber, 2015) and survey research
generally, different patterns of results could stem from
a variety of measurement, analytic, and reporting de-
cisions that are essentially unverifiable in the absence
of open scientific practices (see also Crede and Harms,
2019). Although not a panacea in and of themselves,
pre-registered replication studies attempt to ameliorate
some of these issues by laying out the hypotheses, anal-
ysis plan, and participant sampling decisions ahead of
time (Plucker and Makel, 2021).

The Present Study

Although, given the study design used by Muis and
Franco (and, thus, the present study), no causal conclu-
sions can be made, these associations have key mech-
anistic implications for the way in which motivational
variables may operate—particularly in terms of how
achievement motivation may work to increase class-
room performance. While maintaining as much fidelity
to the original study as possible, the present research
effort builds on Muis and Franco’s work in several key
ways. Whereas Muis and Franco’s study was limited to
201 students recruited from a single educational psy-
chology course, the present study recruited 978 under-
graduate students across numerous courses and univer-
sities in the United States and Canada.

While most of the previous work in this research area
has drawn student participants from single universities
(and often single classes within these universities), the
relative breadth of our sample allows for the compari-
son of these associations across general types of classes
(i.e., STEM, Social Sciences, and Humanities) outside
of the context of a single university. Should associa-
tions hold up under such relatively wide heterogeneity
of university experience, we can be relatively confident
that the associations should generalize to other contexts
within the United States and Canada.

Given the differences in the type of learning materi-
als taught across these broad divisions of the academy,
we were interested in whether the associations between
motivational beliefs and learning strategies were in-
variant across many different types of classes. Fur-
thermore, our relatively large sample allows us to test
measurement invariance across other theoretically in-
teresting sub-groups, including underrepresented mi-
nority populations and gender, where issues concerning
achievement disparities (Museus and Liverman, 2010)
and structural racism/sexism (McGee, 2020) have been

identified previously in both the American (Hurtado and
Ruiz Alvarado, 2012) and Canadian contexts (Henry et
al., 2017). Together, the qualities of this sample and the
pre-registered analysis and data collection plan allows
us to build on previous work concerning the associa-
tions between study strategies and goal orientations in
an incremental, yet rigorous manner.

Therefore, in the present study, our two main re-
search questions are: (1) How is each type of achieve-
ment goal uniquely related to study strategies? (2)
Do the relationships vary across course types and
student sub-groups (underrepresented minority status,
gender)? For the first RQ, we drew upon the results
of Muis and Franco (2009; see Figure 1) and predicted
that each of the four study strategies of interest (Elabo-
ration, Critical Thinking, Metacognitive Self-Regulation,
and Rehearsal) would be predicted by a unique set of
goal orientations. For the second RQ, we did not have
specific pre-registered predictions. We present these
analyses as exploratory and include them because the-
oretically one might expect the associations uncovered
by our model to differ by student background.

Methods

The materials for this study, including the pre-
registration, power analysis, and deidentified data set
are available on the Open Science Framework’s data
repository (https://osf.io/e7tw2/). The pre-registration
is located here: https://osf.io/x9kda; the claims tested
in this paper are located in the exploratory section of
this document, because they were registered in addition
to the focal claim selected by the SCORE program.

Participants

Participants were recruited from Prolific (prolific.co),
an online survey recruitment platform during October
2020. Participants were required to be currently en-
rolled in an undergraduate, community, or technical
college and a resident of the United States or Canada
as determined by the Prolific eligibility screener. We
note that the pre-registration listed only undergraduate
and community college students, but technical college
students were allowed to register for the study due to
concerns about sample-size limitations. This decision
was made prior to any data being collected.

The United States and Canada were chosen for this
survey, because they share the same language and gen-
eral school calendar. Altogether, 1,018 students were
recruited to the survey. Forty students failed at least
one attention check. Per our pre-registered exclusion
criteria, these students were removed from the survey
for the purpose of our analyses, for a final sample size
of N = 978. This sample size was chosen in accordance
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Figure 1

Structural Equation Model Diagram Showing Results of Muis and Franco (2009)

Note. Solid lines indicate significant positive associations. Dashed lines represent significant negative associations. The
following latent variables are depicted: Mastery Approach (MAp), Mastery Avoidance (MAv), Performance Approach
(PAp), Performance Avoidance (PAv), Elaboration (ELAB), Critical Thinking (CRIT), Metacognitive Self-Regulation
(MSR) and Rehearsal (REH). Significance represented as follows: * p < .05 (no further cutoffs were reported in original
paper).

with a power analysis conducted by the Center for Open
Science in order to successfully detect a standardized
structural equation modeling coefficient of 0.41, with
90 percent power.

The demographics of this final sample are as follows.
The mean age was 22.22 years (Median = 21.00, 2
Missing). 576 (59%) participants identified as female,
398 (40%) identified as male, and 4 (<1%) answered
“Prefer Not to Say” or had missing data. 863 (88%)
participants were current residents of the United States,
while 108 (11%) were residents of Canada (7 or <1%
Missing). Note that the gender and nationality demo-
graphic questions were pre-administered by the Prolific
screener, and thus the research team was not able to
ask finer-grained questions concerning these identities.
In terms of race or ethnicity, participants were asked
“Which of the following best describes you?” and 274

(28%) answered “Asian or Pacific Islander;” 69 (7%)
“Black or African American/Canadian;” 88 (9%) “His-
panic or Latino;” 4 (<1%) “Native American, First Na-
tions, or Alaskan Native;” 474 (48%) “White or Cau-
casian;” 61 (6%) “Multiracial or Biracial;” and 8 (<1%)
“a race/ethnicity not described here.” Thus, 230 stu-
dents were part of historically underrepresented groups
in higher education.

Each participant chose a single course at the begin-
ning of the survey to answer the questions in response
to, they were asked to categorize this course in terms of
the general area of study. 509 (52%) students answered
the survey regarding a “STEM: Natural Sciences, Math-
ematics, Computer Science, Engineering” course, while
243 (25%) answered with regard to a “Social Sciences
(e.g., Economics, Business, Psychology, Anthropology)”
course, and 226 (23%) chose a “Humanities or Lan-
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guage Arts (e.g., English, Comparative Literature, Phi-
losophy)” course. In terms of assignments mentioned,
673 participants mentioned completing quizzes, exams,
or tests. The remaining 305 participants mentioned a
mix of group projects, essays, or alternative assessment
types.

Participants were paid $1.50 each, or approximately
$9.55 per hour, given that the survey took participants
a little under nine-and-a-half minutes to complete on
average. This research was conducted in accordance
with the oversight of the University of Texas at Austin’s
Institutional Review Board and also the Naval Informa-
tion Warfare Center Pacific, Human Research Protection
Office.

Materials

Four scales were administered for the purpose of this
survey. One scale was ad-hoc in construction (Memora-
bility), while three others were drawn without modifi-
cation from the research literature.

Goal Orientations

The 12-item Achievement Goal Questionnaire pub-
lished by Elliot and McGregor (2001) was used to
measure goal orientations. Four subscales, mastery
approach, mastery avoidance, performance approach,
and performance avoidance, were each measured using
three items. An example performance approach item is
“It is important for me to do better than other students,"
indicative of being performance-oriented (motivated by
grades) and also approach-oriented (seeking to outper-
form). An example mastery avoidance item is “Some-
times I’m afraid that I may not understand the content
of this class as thoroughly as I’d like." It is mastery-
oriented because it involves wanting to learn the con-
tent (as opposed to being grade/performance oriented),
and it is avoidance-oriented because it reflects a fear of
doing poorly. Items were measured using Likert ques-
tions ranging from “Not at all true of me” to “Very true
of me."

Self-Regulated Learning and Metacognitive Strategies

A subset of the items from the Motivated Strate-
gies for Learning Questionnaire (MSLQ; Pintrich et al.,
1991). These subscales were chosen to measure the
various learning strategies students used and to map
onto the previous work of Muis and Franco (2009).
The items used in this survey were drawn from four
subscales, Elaboration (6 items), Critical Thinking (5
items), Rehearsal (4 items) and Metacognitive Self-
Regulation (12 items) drawn from the larger MSLQ in-
ventory.

The rehearsal scale measures the use of rote (shal-
low) learning strategies (e.g., “When I study for this
class, I practice saying the material to myself over and
over”). Elaboration measures deeper processing study
strategies (e.g., “When I study for this course, I write
brief summaries of the main ideas from the readings and
the concepts from the lectures”). The critical thinking
subscale is indicative of a student’s self-reported use of
analytic thinking and drawing connections between dis-
parate sets of knowledge (e.g., “Whenever I read or hear
an assertion or conclusion in this class, I think about
possible alternatives.”). Metacognitive self-regulation
measures the extent to which students engage in self-
monitoring, planning, and metacognitive control (e.g.,
“When I become confused about something I’m reading
for this class, I go back and try to figure it out.”). These
questions were answered on a seven-point Likert scale
ranging from “Strongly Disagree" to “Strongly Agree."

Memorability

This scale was composed of three questions aimed
at determining the extent to which students felt they
could accurately recall their course and studying ac-
tivities. They were asked two Likert questions: “How
well can you remember what you did in order to pre-
pare for these recent assignments/quizzes/exams?” and
also “If a friend asked you to recount to them how you
studied for these assignments/quizzes/exams, how con-
fident are you in your ability to give them an accu-
rate description of what you did?”, both on a scale of
one-to-seven. Additionally, they answered the question:
“How long ago were the assignments you were think-
ing about?” To this question, participants could answer
either: “Last week," “Two weeks ago," “Within the last
month (3-4 weeks ago)," and “More than a month ago."
Given that memory is known to degrade over time, this
last question was asked to indirectly measure memory
strength or recallability of the course assignments and
student study strategies. This scale was not pivotal to
the hypotheses of our study nor was it used by Muis and
Franco (2009), rather these questions were included
in order to make sure that there were no systematic
differences in memorability across different groups of
respondents (see pre-registration for further discussion
for why this scale was included in the study).

Disciplined-Focused Epistemic Beliefs

Although these were not a focal part of the replica-
tion, we also administered the 18-question, four-factor
Disciplined-Focused Epistemological Beliefs Question-
naire as developed by Hofer (2000). The four pre-
viously established factors are Certainty, Justification



7

(Personal), Source of Knowledge (Authority), and At-
tainment of Truth. Muis and Franco (2009) used a
longer 27-item scale that adds an additional nine items
to measure the same four constructs; we used only the
validated 18 items.

Procedure

Students were recruited to the survey via the Pro-
lific.co online recruitment platform. They read a con-
sent form and if they consented to proceed were ad-
vanced further into the Qualtrics survey platform. Stu-
dents were then asked which course they would like to
answer the survey with regard to:

Please think of one single ongoing course
that you are currently enrolled in. You will
need to answer all of the following survey
questions with regard to this course. Please
write the name of the course below (e.g., In-
tro Psych, Calculus 1, Geographic Informa-
tion Systems)

They were then asked to think about the course and
describe its assignments in as much detail as possible in
an open-ended text box:

You have chosen an ongoing course that you
are currently enrolled in, [Course Name].

Please think of the major assignments, such
as essays, quizzes, or exams, that you have
completed in this class. Describe the assign-
ments in the text box below, and any other
details that come to your mind while writ-
ing. The more detail, the better.

You may spend as long as you choose an-
swering this question, but the next page but-
ton will appear only after two minutes of
writing.

Students were allowed to proceed after two min-
utes of contemplation and writing. Although clearly
not a one-to-one substitute, this activity was inspired
by Muis and Franco’s (2009) reflection activity, wherein
students reviewed their previous assignments in an edu-
cational psychology course before answering questions
regarding their goal orientations, epistemic beliefs, and
self-regulated learning strategies. They were then asked
three questions regarding how memorable the course
was as described in the materials section above. Af-
ter answering these memorability questions, they were
presented with the goal orientation (AGQ), epistemic
beliefs (DFEBQ), and self-regulated learning (MSLQ)
scales in a random order. For example, some students
answered AQG, then DFEBQ, and MSLQ, while others

would have answered the MSLQ first, then AGQ, and
DFEBQ. Within each scale, the items were presented in
a random order per participant.

Two attention checks were placed randomly within
these survey questions. One attention check asked par-
ticipants to answer “Strongly Agree,” while the other
asked students to respond “Strongly Disagree." After
completing the four scales of interest, each participant
categorized the chosen course as STEM, Social Sciences,
or Humanities in nature. Then they reported whether
they had received grades for the course assignments al-
ready (either “Yes, I have received grades for at least
some of these assignment(s)" or “No, no grades have
been received"). And reported their race or ethnicity as
described above. Upon completing the survey, students
were thanked for their time and returned to the Prolific
platform.

Results

The primary goal of the replication attempt was
to analyze the associations between the four scales
drawn from the Achievement Goal Questionnaire and
the four subscales drawn from the Motivated Strategies
for Learning Questionnaire.

Confirmatory: Associations between Goal Orienta-
tions and Study Strategies

In this pre-registered analysis, a structural equation
model was built using seven latent variables, one for
three of the subscales of the MSLQ (Rehearsal, Elabora-
tion, Metacognitive Self-Regulation, Critical Thinking)
and four subscales of the AGQ (Mastery Approach, Mas-
tery Avoidance, Performance Approach, Performance
Avoidance). The Likert data was entered in as or-
dered items, and the model was fit using the weighted
least squares with robust standard errors (WLSMV) us-
ing the R version 4.0.0 (R Core Team, 2020) package
Lavaan version 0.6-9 (Rosseel, 2012). The model fit
moderately well, RMSEA = 0.073, CFI = 0.962, TLI
= 0.958, though given the sample size it was not sur-
prising that the scaled chi-squared test was significant
χ2(674) = 4189.275, p < .001 (see Shi et al., 2019; Xia
and Yang, 2019). As shown in Figure 2, we found that
the four study strategies latent variables were predicted
by endorsement of different goal orientations.

Assessment of Stability of Associations Across Vary-
ing Contexts

In Table 1, we present the average scale score of each
dependent variable, by moderator sub-group. This ta-
ble shows that mean strategy endorsement is very simi-
lar across the different groups and there are only a few
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Figure 2

Structural Equation Model Diagram Showing Replication Results.

Note. Thick black lines indicate associations that replicated successfully. Thin red lines indicate significant associations
in the present sample that were not significant in Muis and Franco (2009) or did not replicate their findings in terms of
sign. Solid lines indicate significant positive associations. Dashed lines represent significant. * p < .05, ** p < .01, ***
p < .001. Standardized coefficients shown.

moderate-to-large differences in mean strategy endorse-
ment (e.g., STEM students reported less critical thinking
than Humanities students and students in exam-based
classes reported less critical thinking than those describ-
ing non-exam-based classes). In light of the context-
dependent nature of motivation and learning strategies,
we sought to determine if the strength of the associa-
tions between goal orientations and learning strategies
were moderated by the characteristics of the students
and the courses they were taking. That is, regardless
of mean endorsement, do the associations between goal
orientations and learning strategies vary across moder-
ator subgroups.

Throughout our moderation tests, we used a multiple
groups analysis approach. In this approach, two models
are estimated. In the simpler model, regression coeffi-
cients are held constant across groups. In the second,
more complex model, regression coefficients are al-

lowed to vary by group. Then, a scaled chi-squared dif-
ference test is used to compare the two models. If there
is a significantly better fit of the more complex model
(allowing regression coefficients to differ by group), this
indicates a significant omnibus test of the moderation of
the associations (Cortina et al., 2021).

In a departure from earlier models reported in
this paper, we did not enter the metacognitive self-
regulation factor as a dependent variable and thus did
not estimate any regression coefficients between the
four goal orientation variables and the MSR factor. This
analytic decision was made due to issues with model
identifiability (certain subgroup models could not be
estimated). It was found that the MSR factor caused
issues with estimation ostensibly due to its poor factor
structure (see exploratory factor analysis output in the
online materials). We pre-registered the analysis of dif-
ferences by course type. The other moderation analyses
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Table 1

Mean and standard deviation strategy endorsement by subgroup.

Moderator Subgroup N Elaboration
Critical
Thinking

Metacognitive
Self-Regulation

Rehearsal

Course Type STEM 509 4.86 (1.10) 3.89 (1.34) 4.61 (0.84) 4.37 (1.36)
Social Sciences 243 4.96 (1.17) 4.17 (1.25) 4.50 (0.95) 4.26 (1.47)
Humanities 226 5.01 (1.09) 4.57 (1.25) 4.50 (0.96) 4.16 (1.68)

Assignment Exams 706 4.89 (1.10) 3.97 (1.34) 4.55 (0.87) 4.36 (1.44)
Type Non-Exams 272 4.99 (1.16) 4.50 (1.21) 4.57 (0.96) 4.13 (1.53)
Race and AAPI 274 4.70 (1.02) 3.91 (1.24) 4.49 (0.83) 4.23 (1.37)
Ethnicity URM 230 4.92 (1.23) 4.27 (1.33) 4.56 (0.95) 4.39 (1.55)

White 474 5.05 (1.10) 4.16 (1.36) 4.59 (0.90) 4.28 (1.49)
Gender Men 398 4.82 (1.09) 4.22 (1.27) 4.55 (0.87) 4.30 (1.37)

Women 576 4.98 (1.14) 4.05 (1.36) 4.56 (0.91) 4.29 (1.53)

Note. STEM = Science, technology, engineering, and mathematics; AAPI = Asian American and Pacific Islander;
URM = underrepresented minority (Black, Indigenous, Hispanic/Latino students). Subgroup Ns may not add up to
the total sample size of N = 978 due to missingness.

were exploratory.

Confirmatory: Moderation by Course Type

Differences in regression coefficients (i.e., the associ-
ations between goal orientations and study strategies)
were tested across the three different types of course
classifications, STEM, Social Science, and Humanities.
We did not find evidence in support of differing regres-
sion coefficients across the course types, χ2(24) = 32.75,
p = .109. This result indicates that the associations of
interest between the latent variables were relatively sta-
ble across the different course types.

Exploratory: Moderation by Assignment Type

Participant’s written text description of the assign-
ments they completed as part of their focal course
were analyzed for whether they included mentions to
quizzes, exams, or tests. Of the 978 participants, 706
reported having quizzes, tests, or exams as part of their
course assignments, while 272 made no mention of
these assignment types. This variable was coded as a
binary variable (either included mention to quizzes/ex-
ams/tests or did not). The same approach as described
above was used to test whether the regression coeffi-
cients differed between the two groups. Here, signifi-
cant evidence of moderation was found, χ2(12) = 27.45,
p = .007.

Post-hoc comparison revealed that constraining the
following coefficients significantly worsened model fit,

thus indicating that they should be estimated separately.
The coefficient of Mastery Approach predicting Criti-
cal Thinking was significantly higher in the non-exam
group (β = 0.60) than the exam group (β = .44),
χ2(1) = 4.83, p = .03. Similar results were found
with regard to Mastery Avoidance predicting Elabora-
tion with a stronger association in the non-exam (β =
0.70) than exam group (β = 0.56), χ2(1) = 5.04, p =
.02. There was also a stronger relationship between Per-
formance Avoidance and Elaboration in the non-exam
group (β = 0.20) than the exam group (β = −.01),
χ2(1) = 5.85, p = .02.

Exploratory: Moderation by Race and Ethnicity

Historically in the United States and Canadian higher
education systems, Hispanic/Latinx, Black and Indige-
nous students have been underrepresented (Henry et
al., 2017; Hurtado and Ruiz Alvarado, 2012). Numer-
ous studies have also shown differential educational be-
liefs among these student populations (e.g., Fong et al.,
2019). Thus, we were interested in determining if the
associations between goal orientations and study strate-
gies were moderated by underrepresented minority sta-
tus (Asian and Pacific Islanders, URM, White). Here, un-
derrepresented minority denotes students coming from
Black, Indigenous, Hispanic/Latino backgrounds. Al-
though it would be preferable to split our analysis into
smaller groups (i.e., Asian, Black, Hispanic/Latinx, Na-
tive American and Indigenous, and White), this was not
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tenable with the present sample size.
Similar to the moderation by course type analysis

presented above, we created one model where the re-
gression coefficients were held constant across the three
groups (AAPI, URM, White) and one model where the
regression coefficients were freely estimated across the
three groups. We then compared the relative increase
in model fit with the freely estimated model in compari-
son to the held-constant model, and did not find statisti-
cally significant evidence of moderation by URM status,
χ2(24) = 23.90, p = .467.

Exploratory: Moderation by Gender

A similar approach was used to test whether the re-
gression coefficients were moderated by gender as the
course type and URM analyses. We did not find evi-
dence that model fit was significantly better when al-
lowing regression coefficients to differ by gender (Male
or Female), χ2(12) = 9.83, p = .631. This analysis was
conducted using a sample size of N = 974, as four par-
ticipants did not report their gender.

Exploratory: Replication Attempt of Expanded
Model

In addition to our specific interest in the relationship
between motivational beliefs and study strategies, we
also attempted to replicate Muis and Franco’s (2009)
larger structural equation model (a subset of which is
shown in Figure 1 of this paper; see Figure 1 in Muis &
Franco for the entire model), however, despite recruit-
ing 777 more participants in our sample, we did not
find that the model outlined in their paper was iden-
tifiable. Even after making changes to improve model
fit (such as removing the metacognitive self-regulation
factor), we did not find success in finding a model with
adequate fit metrics in terms of CFI and RMSEA.

Issues with model identifiability seem to stem from
the fact that the latent variables derived from the
DFEBQ (Certainty, Personal Justification, Source Au-
thority, and Attainability of Truth) were highly corre-
lated with one-another (absolute values of r ranging be-
tween .63 and .91; see Table 2). A confirmatory fac-
tor analysis of the three measures (DFEBQ, MSLQ, and
AGQ; 12 total subscales) showed moderately accept-
able fit, CFI = 0.944, TLI = 0.939, RMSEA = 0.077,
χ2(1473) = 10111.05, p < .001.

Although the CFA fit metrics were passable, issues
with the DFEBQ scale were further confirmed by an ex-
ploratory factor analysis of items from the three scales
(AGQ, DFEBQ, and MSLQ). Although a priori theory
suggests there should be twelve sub-factors across these
three measures, parallel analysis (Horn, 1965) using the
command “fa.parallel” in the psych R package (Revelle,

2018) only recommended ten factors, and when the
analysis of these ten factors was explored, this analy-
sis found that a majority of items (16 out of 18) from
the DFEBQ loaded on a single factor. Even when an ex-
ploratory factor analysis with 12 factors was computed,
it did not lead to items loading where theory would pre-
dict, as items from the DFEBQ scale still tended to clus-
ter together with one another rather than splitting into
four separate factors.

It would be plausible to suggest that the slightly ab-
breviated version of the DFEBQ scale used in this study
may have contributed to issues with model fit, however,
we do not believe this to be the case. As shown in Table
2, the Cronbach’s alphas for the Justification (Personal)
and Source (Authority) were lower than .70, indicating
less than ideal reliability (Tavakol and Dennick, 2011).
Though an abbreviated version of the DFEBQ was used
in comparison to that used by Muis and Franco (2009),
the Cronbach’s alphas in the present sample were not
substantially worse than reported by Muis and Franco.
In fact, in three out of four scales the reliability coeffi-
cients in our sample were higher, with the sole excep-
tion being Justification (Personal). Although generally
Cronbach’s alpha increases with scale length, the coun-
terintuitive finding here might be explained by the fact
that the shorter version used in this present study only
consisted of the 18 items previously validated by Hofer
(2000), while the nine additional items were not rec-
ommended for use by Hofer.

Additionally, our sample was recruited across many
different classes and (ostensibly) universities. Muis and
Franco recruited participants from a single Educational
Psychology class, which may have aided in identifying
the factor structure given the self-ascribed “discipline-
focused” nature of the DFEBQ. This hypothesis is some-
what supported by the distributions of sum scores across
the three disciplines (STEM, Social Sciences, Humani-
ties), which shows quite distinct patterns in epistemic
beliefs, with several pairwise comparisons indicating
differences in sum scores equivalent to Cohen’s ds of 0.8
or greater between STEM and Humanities/Social Sci-
ences. Thus, it seems that epistemic beliefs are at least
partially dependent on the specific discipline a student
is engaging with.

Discussion

This paper adds to the growing body of research
on the associations between self-reported goal orienta-
tions and learning strategies, adding further evidence
to the theory that the relationship between increased
self-report motivation and achievement may be partially
mediated by the use of better learning strategies. Alto-
gether, eleven of the sixteen (69%) associations tested
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Table 2

Correlations between latent variables, reliabilities, and sum scores.

JUST ATTAIN CERT AUTH MAv MAp PAp PAv REH ELAB CRIT Alpha Mean (SD)
JUST 1.00 .63 3.9 (1.3)

ATTAIN −0.52∗ 1.00 .74 4.9 (1.4)
CERT 0.65∗ −0.77∗ 1.00 .88 3.8 (1.4)
AUTH −0.55∗ 0.83∗ −0.83∗ 1.00 .69 4.7 (1.2)
MAv −0.07 0.20∗ −0.16∗ 0.26∗ 1.00 .81 4.7 (1.6)
MAp −0.03 0.21∗ −0.02 0.10 0.39∗ 1.00 .86 5.4 (1.4)
PAp −0.03 0.15∗ −0.18∗ 0.21∗ 0.11∗ 0.32∗ 1.00 .90 4.5 (1.7)
PAv −0.11∗ 0.24∗ −0.18∗ 0.35∗ 0.32∗ 0.01 0.31∗ 1.00 .78 5.5 (1.4)
REH −0.05 0.34∗ −0.18∗ 0.27∗ 0.25∗ 0.43∗ 0.23∗ 0.30∗ 1.00 .75 4.3 (1.5)
ELAB 0.14∗ 0.11 0.17∗ 0.01 0.16∗ 0.57∗ 0.20∗ 0.03 0.52∗ 1.00 .75 4.9 (1.1)
CRIT 0.51∗ −0.12∗ 0.34∗ −0.29∗ 0.09 0.47∗ 0.15∗ −0.12∗ 0.28∗ 0.70∗ 1.00 .80 4.1 (1.3)
MSR 0.05 −0.32∗ 0.12∗ −0.25∗ −0.29∗ −0.60∗ −0.31∗ −0.14∗ −0.71∗ −0.79∗ −0.62∗ .77 4.5 (0.9)

Note. Latent variable correlations derived from a confirmatory factor analysis performed in Lavaan using item
groupings derived from previously published scales. Asterisk indicates significant correlation at p < .001. Mean
sum scores calculated after reverse scoring appropriate items.

in both the present paper and Muis and Franco (2009)
replicated in terms of statistical significance and di-
rection of association.1 Though not a perfect replica-
tion rate, all associations larger than .20 in Muis and
Franco’s original study successfully replicated. If we
limit our analysis to only significant associations shown
by Muis and Franco, 75% replicated (six out of eight).

Like Muis and Franco (2009), we found that the links
between mastery-approach orientation and three strate-
gies of interest (elaboration, rehearsal, metacognitive
self-regulation and critical thinking) were all strong,
statistically significant, and positive in nature. The
link between mastery-approach and elaboration was the
strongest, followed by metacognitive self-regulation,
critical-thinking, and lastly rehearsal, suggesting that
mastery-approach slightly favors deeper study strate-
gies. This suggests that mastery-approach goals are re-
lated to increased overall effort. In other words, stu-
dents who report mastery-approach goals engage in
more shallow strategies and more deep strategies than
those not endorsing such a goal orientation.

Although we tested for heterogeneity within our sam-
ple, we found only one significant moderator of these
associations: assignment type. Taken together, it ap-
pears that the associations between goal orientations
and learning strategies may be stronger when courses
use more open-ended evaluation (e.g., essays, lab re-
ports, projects, presentations) than exam-based evalua-

tion. Given the replication of earlier results and relative
lack of heterogeneity within our sample, this suggests
that there are relatively consistent associations between
these measures, even when assessed in different popu-
lations and different time periods. However, we do note
that on average the coefficients in our model were ap-
proximately half as large as their counterparts in Muis
and Franco, which suggests the original estimates may
have been inflated by the design or more homogeneous
context of the original study.

Limitations

One of the critical differences in methodology be-
tween the present paper and that of Muis and Franco
(2009) is that our survey was conducted during the
midst of the COVID-19 pandemic (October 2020) in
countries where the virus was prevalent. This project
timeline was a stipulation of the funding agency and
outside of the research team’s control. As a result, many
of the colleges and universities in the sampled countries
were partially or even entirely online (Anderson, 2020).
Online or hybrid coursework presents interesting moti-
vational situations that may not be entirely applicable to
in-person schoolwork (Chen and Jang, 2010). Although
this aspect of the study seems like a limitation on its
face, it may actually be a stronger test of the replicabil-
ity of the association. Considering that most of the asso-
ciations (75%) found by Muis and Franco (2009) were
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replicated in the present study, it seems that these asso-
ciations may be robust to changes in educational (i.e.,
across different courses and institutions) and social con-
texts (i.e., pre-pandemic versus during pandemic).

There were however small differences between our
findings and that of prior studies: We did not
find any significant associations between performance-
approach goals and critical thinking. In contrast, oth-
ers have shown small significant correlation between
performance-approach and critical thinking (Muis and
Franco, 2009; Vrugt and Oort, 2008). That being
said, given the array of disparate findings concerning
the associations between goal orientations and learning
strategies reviewed earlier in this paper, it is likely that
these associations are somewhat scale/measure specific.
For this reason, more research needs to be done to un-
derstand where existing scales do and do not overlap
and whether they are truly measuring the same con-
structs.

One limitation of the present study is that we could
not collect achievement measures (i.e., grades) from the
students in this survey. Because these students were
recruited from an online participant pool from a vari-
ety of educational institutions during the middle of the
semester, final grades would not have been available
to the students. Thus, due to the single-session nature
of our survey, we would have had to use anticipated
grades. Self-reported grades (i.e., students reporting
the actual grades or grade point averages they receive)
are known to have relatively poor validity (Kuncel et al.,
2005), and self-reported anticipated grades would likely
be subject to similar, if not worse, issues. Additionally,
not all Canadian institutions use the same grade-point
scale as universities in the United States, which would
have further complicated issues of measurement. For
this reason, we chose not to collect achievement-related
measures. Past studies, such as Muis and Franco (2009)
have found correlations between learning strategies and
true final grades, but future work should work to deter-
mine the extent to which these correlations are gener-
alizable across institutions and individuals. Moreover,
it would be important to understand what final grades
truly represent. For example, the extent to which grades
are based on participation and group work may affect
the relationship between individual learning strategies
and grades. It is also important to consider efficiency:
two students may attain an A-grade in very different
ways—one could achieve a high grade by studying 80
hours a week using relatively shallow strategies or one
could achieve a high grade by studying far fewer hours
but using relatively deeper strategies.

Future Directions

As shown in Table 2 and as discussed earlier in this
paper, many of the subscales we drew from the pub-
lished literature were not as reliable and distinct from
one-another as one might expect (this is a known issue
with measuring epistemic beliefs in particular; see De-
Backer et al., 2008; see also generally Flake and Fried,
2020). While the goal orientation measures showed rel-
atively high reliability and the expected structure, the
items/subscales from the disciplined-focused epistemic
belief questionnaire and motivated strategies for learn-
ing questionnaire overlapped with one-another, raising
questions of discriminant validity and ultimately caus-
ing issues with model fit.

Future researchers might consider moving away from
the Motivated Strategies for Learning Questionnaire as
the primary measure of strategy use, as this question-
naire does not measure the use of several effective
study strategies now widely regarded as highly effec-
tive. Specifically the MSLQ, does not ask students about
retrieval practice or spacing, the use of which is known
to be associated with student achievement (Carvalho
et al., 2020; Dunlosky et al., 2013). Additionally, the
present study showed relatively poor discriminant va-
lidity (particularly with regard to the metacognitive self-
regulation factor). Thus, it seems that an updated mea-
sure of learning strategy use would be a productive next
step. An improved scale could help facilitate the de-
velopment of more valid, reliable studies and help to
integrate research on student beliefs concerning learn-
ing strategies with research on the broader cognitive
science of learning and memory (see also the growing
“desirable difficulties” research in the vein of Bjork and
Bjork, 1992). Research should also continue to build on
the present correlational study through the continued
use of experimental intervention studies to validate the
hypothesized causal pathways stemming from this study
and others like it.

In order to better the measurement of key educa-
tional constructs, we have attempted to follow many
of the best practices prescribed by recent work in open
science. Transparency was maintained through the pre-
registration of analytic choices and the demarcation of
which analyses were exploratory in nature. The data
from this study has also been made available on the
Open Science Framework in order to aid future re-
searchers in the study of motivation science and learn-
ing strategies. We also encourage researchers interested
in conducting replication of studies using SEM methods
to be especially careful in terms of choosing studies that
use properly validated scales and to be aware of the pos-
sibility that their models may not properly converge in
a new sample (though potentially advances in Bayesian
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SEM will make issues of convergence moot in the near
future, once ordinal models are fully supported by these
software packages; see Merkle and Rosseel, 2015).

Concluding Comments

In general, our data revealed a relative stability of
the associations between achievement goal orientations
and study strategies. Not only did we replicate three
fourths of the associations reported by Muis and Franco,
but the larger sample size and diversity of students in
our study also allowed us to test whether the associa-
tions were invariant across various sub-groups. We did
not find these associations differed significantly across
course discipline (STEM, Social Sciences, or Humani-
ties), underrepresented minority status, or gender. We
did find evidence that these associations were moder-
ated by assignment type, with essay based classes show-
ing stronger associations between goal orientations and
learning strategies. Given that the associations found
in this study were largely congruent with the findings
of Muis and Franco, and are not significantly differ-
ent across the subgroups analyzed in the present sam-
ple (except for assignment type), the evidence suggests
these associations are relatively stable across heteroge-
neous contexts.

End Note

1. This figure may be an underestimate of replicabil-
ity as Muis and Franco did not report non-significant co-
efficients, and given the larger sample size we were able
to detect smaller associations than the original study.
Thus, theoretically there may be cases where we esti-
mated exactly the same magnitude of association, but it
was not significant in the original study and significant
in the present study resulting in the somewhat coun-
terintuitive finding of non-replication. There were only
two significant associations from the original study that
were not significant and in the same direction in the
present sample (these were PAp predicting MSR and
PAp predicting CRIT).
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